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What's Different 


New Additions: 


AM26LS30 MC10324 MC34118" 
CA3146 MC33033 MC34151 
LF441C/442C MC33035 MC34152/53 
LM2935T MC33077 MC34163 
MC1382 MC33120° MC34164 
MC1383 MC33178/79 MC34166 
MC1384 MC33272/74 MC44602 
MC2830 MC3382/84 TCA0372 
MC3335 MC34066 UAA2016 
MC3361B MC34114° UC2844/2845 
MC10322 MC34117° UC3844/3845 
Deletions: 

MC3480 TBA120C 

MC6108 TCA4500A 

MC13014P TCAS550 

MC13021 TCF7000 

MC34061, A TDA1190P 

MC34062 TOA1285A 

MC35082/83 TDA3333 

New Product Literature (Referenced): 

AN1003 AN1077 

AN1004 AN1078 

AN1006 AN1081 

AN1019 ANE424 

AN1044 SG98 Rev. 4 


*See Telecommunication Device Data (DL136 Rev.2) 
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LINEAR AND INTERFACE 
_INTEGRATED CIRCUITS 


This publication presents technical information for the broad line of Linear and Interface Inte- 
grated Circuit products. Complete device specifications are provided in the form of Data Sheets 
which are categorized by product type into ten chapters for easy reference. Selector Guides by 
product family are provided in the beginning of each Chapter to enable quick comparisons of 
performance characteristics. A Cross Reference chapter lists Motorola direct replacement and 
functional equivalent part numbers for other industry products. 

A chapter is provided to illustrate Package Outline and mounting hardware drawings, and 
includes information on Surface Mount Devices (SMD), and Industry Package Cross Reference 
Guide. 

Additionally, chapters are provided with information on Quality program concepts, high- 
reliability processing, and abstracts of available Technical Literature. 

The information in this book has been carefully checked and is believed to be accurate; however, 
no responsibility is assumed for inaccuracies. 

Motorola reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. Motorola does not assume any liability arising out of the 
application or use of any product or circuit described herein; neither does it convey any license 
under its patent rights nor the rights of others. Motorola products are not authorized for use as 
components in life support devices or systems intended for surgical implant into the body or 
intended to support or sustain life. Buyer agrees to notify Motorola of any such intended end use 
whereupon Motorola shall determine availability and suitability of its product or products for the 
use intended. Motorola and @) are registered trademarks of Motorola, Inc. Motorola, Inc. is an 
Equal Employment Opportunity/Affirmative Action Employer. 
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In Brief... 


In the Cross Reference Section of this chapter, a 
complete interchangeability list linking over 3000 
devices is offered by most major Linear Integrated Cir- 
cuits manufacturers to the nearest equivalent Motorola 
device. The “Motorola Direct Replacement” column 
lists devices with identical pin connections and package 
and the same or better electrical characteristics and 
temperature range. The “Motorola Similar Replace- 
ment” column provides a device which performs the 
same function but with possible differences in package 
configurations, pin connections, temperature range or 
electrical specifications. 


Index/Cross Reference 


Alphanumeric Index 


AM26LS30 


AM26LS31 


AM26LS32 


CA3054 
CA3059 
CA3079 
CA3146 


DAC-08 


LF347 
LF351 
LF353 
LF355,B 
LF356,B 
LF357,B 
LF411C 


LF412C 


LF441C 


LF442C 


LF444c 


LM11C,CL 
LM101A 


LM108,A 
LM109 
LM111 
LM117 


LM117L 


LM123,A 


LM124 
LM137 


LM139,A 
LM140,A 


LM148 
LM150 


LM158 
LM193,A 
LM201A 


LM208,A 


Device 
Number Page 


Dual Differential/Quad Single-Ended Line 
Driver 


Quad EIA-422 Line Driver with 
Three-State Output 


Quad EIA-422/3 Line Receiver with 
Three-State Output 


Dual Differential Amplifier 
Zero Voltage Switch 
Zero Voltage Switch 


1-Differentially Connected and 3-lsolated 
Transistor Array 


High-Speed 8-Bit Multiplying 
D-to-A Converter 


Family of BIFET Operational Amplifier 
Family of BIFET Operational Amplifier 
Family of BIFET Operational Amplifiers 
Monolithic JFET Operational Amplifiers 
Monolithic JFET Operational Amplifiers 
Monolithic JFET Operational Amplifiers 


Low Offset, Low Drift JFET Input 
Operational! Amplifier 


Low Offset, Low Drift JFET Input 
Operational Amplifier 


Low-Power JFET Input Operational 
Amplifier 


Dual, Low-Power JFET Input Operational 
Amplifier 


Quad, Low-Power JFET Input Operational 
Amplifier 


Precision Operational Amplifiers 


General-Purpose Adjustable Operational 
Amplifier 


Precision Operational Amplifiers 
Positive Voltage Regulator 
High-Performance Voltage Comparator 


3-Terminal Adjustable Positive Voltage 
Regulator 


3-Terminal Adjustable Positive Voltage 
Regulator 


3-Ampere, 5 Voit Positive Voltage 
Regulators 


Quad, Low-Power Operational Amplifier 


3-Terminal Adjustable Negative Voltage 
Regulator 


Quad, Single-Supply Comparators 


3-Terminal Positive Fixed Voltage 
Regulators 


Quad MC1741 Operational Amplifier 


3-Terminal Adjustable Positive Voltage 
Regulator 


Dual, Low-Power Operational Amplifier 
Dual Comparators 


General-Purpose Adjustable Operational 
Amplifier 


Precision Operational Amplifiers 


Device 
Number 


LM209 


LM2114 
LM217 


LM217L 


LM223,A 


LM224 
LM237 


LM239,A 
LM248 
LM250 


LM258 
LM285 
LM293,A 
LM301A 


LM307 


LM308,A 
LM309 
LM311 
LM317 


LM317L 


LM317M 


LM323,A 


LM324,A 
LM337 


LM337M 


LM339,A 
LM340,A 


LM348 
LM350 


LM358 
LM385 
LM393,A 
LM833 


LM2900 
LM2901 
LM2902 
LM2903 
LM2904 


Function 


Positive Voltage Regulator 
High-Performance Voltage Comparator 


3-Terminal Adjustable Positive Voltage 
Regulator 


3-Terminal Adjustable Positive Voltage 
Regulator 


3-Ampere, 5 Volt Positive Voltage 
Regulators 


Quad Low-Power Operational Amplifier 


3-Terminal Adjustable Negative Voltage 
Regulator 


Quad, Single-Supply Comparators 
Quad MC1741 Operational Amplifier 


3-Terminal Adjustable Positive Voltage 
Regulator 


Dual, Low-Power Operational Amplifier 
Micropower Voltage Reference Diode 
Dual Comparators 


General-Purpose Adjustable Operational 
Amplifier 


Internally Compensated Operational 
Amplifier 


Precision Operational Amplifiers 
Positive Voltage Regulator 
High-Performance Voltage Comparator 


3-Terminal Adjustable Positive Voltage 
Regulator 


3-Terminal Adjustable Positive Voltage 
Regulator 


3-Terminal Adjustable Positive Voltage 
Regulator 


3-Ampere, 5 Volt Positive Voltage 
Regulators 


Quad, Low-Power Operational Amplifiers 


3-Terminal Adjustable Negative Voltage 
Regulator 


3-Terminal Adjustable Negative Voltage 
Regulator 


Quad, Single-Supply Comparators 


3-Terminal Positive Fixed Voltage 
Regulators 


Quad MC 1741 Operational Amplifier 


3-Terminal Adjustable Positive Voltage 
Regulator 


Dual, Low-Power Operational Amplifier 
Micropower Voltage Reference Diode 
Dual Comparators 


Dual, Low-Noise, Audio Operational 
Amplifier 


Quad, Single-Supply Operational Amplifier 
Quad, Single-Supply Comparator 

Quad, Low-Power Operational Amplifier 
Dual Comparator 

Dual, Low-Power Operational Amplifier 


3-16 
2-54 
3-21 
3-29 
3-37 


2-60 
3-43 


2-66 
2-70 
3-66 


2-76 
5-4 
2-82 
2-45 


2-87 


2-49 
3-16 
2-54 
3-21 


3-29 
3-74 
3-37 


2-60 
3-43 


3-82 


2-66 
3-50 


2-70 
3-66 


2-76 
5-4 
2-82 
2-91 


2-198 
2-66 
2-60 
2-82 


2-76 
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Device Device lines | 
Number Function Number Function Page 
LM2931 Low Dropout Voltage Regulator MC1514 Dua! Differential Voltage Comparator 
LM2935T Low Dropout Dual Regulator MC1508 8-Bit Multiplying Digital-to-Analog Converter | 6-15 
LM3900 Quad Single-Supply Operational Amplifier MC 1536 High-Voltage Operational Amplifier 2-101 
MC8T26A Quad Three-State Bus Transceiver MC1537 Dual Operational Amplifier 2-105 
MC8T28 Noninverting Bus Transceiver MC1539 High-Slew-Rate Operational Amplifier 2-109 
MC8T95 Hex Three-State Buffer/Inverter MC1545 Wideband Amplitier 2-117 
MC8T96 Hex Three-State Buffer/Inverter MC1554G 1-Watt Power Amplifier 2-123 
MC8T97 Hex Three-State Buffer/Inverter ; MC1556 High-Performance Operational Amplifier 2-127 
MC8T98 Hex Three-State Buffer/Inverter MC 1558 Dual Operational Amplifier 2-133 
MC1330AP Low-Level Video Detector MC 1558S High-Slew-Rate Dual Operational Amplifier | 2-138 
MC 1350 IF Amplifier MC1568 Dual + 15 Volt Regulator 3-109 
MC 1357 IF Amplifier and Quadrature Detector MC1590G Wideband Amplifier With AGC 2-150 
MC 1373 TV Video Modulator Circuit MC1594L Four-Quadrant Multiplier 11-12 
MC1374 TV Modulator Circuit MC1595L Four-Quadrant Multiplier 11-26 
MC1377 Color Television RGB to PAL/NTSC MC1596 Balanced Modulator/Demodulator 8-13 
Encoder MC1709,A,C_ | General-Purpose Operational Amplifiers 2-158 
MC1378 Complete Color TV Video Overlay MC1723,C Adjustable Positive or Negative Voltage 3-115 
Synchronizer Regulators 
Motgse MUIEYOG MORO LTE jIntedace MC1733,C Differential Video Amplifiers 2-162 
MC1383 Multimode Monitor Processor MC1741,C General-Purpose Operational Amplifiers 2-170 
MC1384 Mullmeae Monitor Rraces sok MC1741S,SC_ | High-Slew-Rate Operational Amplifiers 2-175 
MC1391P TV Horizontal Processor MC1747,C Dual MC1741 Operational Amplifiers 2-181 
MC1403,A Precision Low-Voltage References MC1748,C General-Purpose Operational Amplifiers 2-185 
MC1404,A Precision Low-Drift Voltage References MC1776,C Programmable Operational Amplifiers 2-189 
MC1408 8-Bit Multiplying Digital-to-Analog Converter MC26S10 Quad Open-Coltector Bus Transceiver 7-59 
MET B PenDUSt a LORVeG nay MC2830 Voice Activated Switch 8-23 
MC1412,B Peripheral Driver Array MC2831A Low-Power FM Transmitter System 8-27 
MC1413,B Peripheral Driver Array MC2833 Low-Power FM Transmitter System 8-30 
MC 1414 Dual Differential Voltage Comparator MC3301 Quad Operational Amplifier 2-198 
MC1416,B Peripheral Driver Arrays MC3302 Quad, Single-Supply Comparator 2-66 
MC1436,C High-Voltage Operational Amplifiers MC3303 Quad Differential-Input Operational 2-208 
MC1437 Dual Operational Amplifier Amplifier 
MC1439 High-Slew-Rate Operational Amplifier MC3325 Automotive Voltage Regulator 10-6 
MC1445 Wideband Amplifier MC3334 High Energy Ignition Circuit 10-10 
MC1454G 1-Watt Power Amplifier MC3335 Low-Power Narrowband FM Receiver 8-36 
MC1455 Timing Circuit MC3340P Electronic Attenuator 9-67 
MC1456,C High-Performance Operational Amplifiers MC3346 General-Purpose Transistor Array 9-70 
MC1458,C Dual Operational Amplifiers MC3356 Wideband FSK Receiver 8-40 
MC 1458S High-Slew-Rate Dual Operational Amplifier MC3357 Low-Power FM IF 8-46 
MC1466L Voltage and Current Regulator MC3358 Duai, Low-Power Operational Amplifier 2-230 
MC 1468 Dual + 15 Volt Tracking Regulator MC3359 Low-Power Narrowband FM IF 8-50 
MC1472 Dual Peripheral Positive NAND Driver MC3361B Low-Voltage Narrowband FM IF 8-56 
MC 1488 Quad MDTL Line Driver MC3362 Low-Power Dual Conversion FM Receiver 8-58 
MC1489,A Quad MDTL Line Receivers MC3363 Low-Power Dual Conversion FM Receiver 8-65 
MC1490P Wideband Amplifier With AGC MC3367 Low-Voltage Single Conversion 8-73 
MC1494L Four-Quadrant Multiplier EMiRecener 
MC1495L Four-Quadrant Multiplier MC3373 Remote Control Amplifier/Detector 9-73 
MC1496 Balanced Modulator/Demodulator MC3397T Transient Suppressor 10-14 
MC1503 Precision Low-Voltage Reference MC3399T Automotive High Side Driver Switch 10-18 
MC 1504 Precision Low-Drift Voltage Reference MC3401 Quad Operational Amplifier 2-198 
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Device 
Number Page 


MC3403 Quad Differential-Input Operational 
Amplifier 


Device 
Number Function 


MC3558 Dual, Low-Power Operational Amplifier 


MC4558,AC,C | Dual High-Frequency Operational 
Amplifiers 


MC4741,C Quad MC1741 Operational Amplifiers 
MC6875,A M6800 2-Phase Clock Generator/Driver 
MC6880A Quad Three-State Bus Transceiver 
MC6885 Hex Three-State Buffer/Inverter 
MC6886 Hex Three-State Buffer/Inverter 
MC6887 Hex Three-State Buffer/Inverter 
MC6888 Hex Three-State Buffer/Inverter 
MC6889 Noninverting Bus Transceiver 


MC3405 Dual Operationat Amplifier plus Dual 


Voltage Comparator 


MC3417 Continuously- Variable-Slope Delta 


Modulator/Demodulator 


MC3418 Continuously-Variable-Slope Delta 


Modulator/Demodulator 
Telephone Line-Feed Circuit 
Overvoltage Sensing Circuit 


Power Supply Supervisory/Over, Under- 
voltage Protection Circuit 


MC3419-1L 
MC3423 
MC3425 


MC3430 
MC3431 
MC3432 
MC3433 
MC3437 
MC3440A 
MC3441A 
MC3446A 
MC3447 


MC7800 Three-Terminal Positive Voltage Regulators 
Series 


MC78L00,A Three-Terminal Positive Voltage Regulators 
Series 


MC78M00 Three-Terminal Positive Voltage Regulators 
Series 


High-Speed Quad Comparator 
High-Speed Quad Comparator 
High-Speed Quad Comparator 
High-Speed Quad Comparator 
Hex Unified Bus Receiver 
Quad Interface Bus Transceiver 


MC78T00 Three-Ampere Positive Voltage Regulators 
Series 


MC7900 Three-Terminal Negative Fixed Voltage 
Series Regulators 


MC79L00,A Three-Terminal Negative Fixed Voltage 
Series Regulators 


MC79M00 Three-Terminal Negative Fixed Voltage 
Series Regulators 


Quad Interface Bus Transceiver 
Quad Interface Bus Transceiver 


Bidirectional Instrumentation Bus 
Transceiver 


MC3448A 
MC3450 
MC3452 
MC3453 
MC3456 


Quad Three-State Bus Transceiver 
Quad Line Receiver 
Quad Line Receiver 
Quad Line Driver 
Dual Timing Circuit 


MC10318P High-Speed 8-Bit D/A Converter 
MC 10319 High-Speed 8-Bit A/D Flash Converter 
MC 10320 Triple 4-Bit Color Palette Video DAC 


MC3458 Dual, Low-P tional Amplifi 
ie Pe ete 2 me see PPE etorel nimple MC10320-1 | Triple 4-Bit Color Palette Video DAC 
id reampiltier 
MC3469P a i Disk ig ; eantol MC13001XP Monomax Black-and-White TV Subsystem 
le) t rite roller 
Ras ld ees oni MC13002XP_ | Monomax Black-and-White TV Subsystem 
MC3470P,AP_ | Floppy Disk Read Amplifier System 


MC10321 High-Speed 7-Bit A/D Flash Converter 
MC 10322 8 Bit Video DAC with TTL Inputs 

MC 10324 8 Bit Video DAC with ECL Inputs 
MC13010P TV Parallel Sound IF/AFT 


MC13020P C-QUAM® AM Stereo Decoder 


MC13022 Advanced Medium Voltage AM Stereo 
Decoder 


MC 13023 AM Stereo Front End and Tuner Stablizer 


MC 13024 Low-Voltage Motorola C-QUAM® 
AM Stereo Receiver 


MC 13041 AM Receiver Subsystem 

MC13055 Wideband FSK Receiver 

MC13060 Mini-Watt Audio Output 

MC33030 DC Servo Motor Controller/Driver 
MC33033 DC Brushless Motor Controller 
MC33034 DC Brushless Motor Controller 
MC33035 DC Brushless Motor Controller 
MC33039 Closed-Loop Brushless Motor Adapter 


MC33060A Switchmode Pulse Width Modulation 
Controj Circuit 


MC3471P 
MC3476 
MC3479 
MC3481 
MC3484S2 
MC3484S4 
MC3485 
MC3486 
MC3487 


Floppy Disk Write Controlter/Head Driver 
Programmable Operational Amplifier 


Stepper Motor Driver 

Quad, Single-Ended Line Driver 
Integrated Solenoid Driver 
Integrated Solenoid Driver 
Quad, Single-Ended Line Driver 
Quad EIA-422/3 Line Receiver 


Quad EIA-422 Line Driver With Three-State 
Output 


Dual EIA-423/EIA-232D Driver 


Quad Differential-Input Operational 
Amplifier 


MC3488A 
MC3503 


MC3505 Dual Operational Amplifier plus Dual 


Voltage Comparator 


Continuously-Variable-Slope Delta 
Modulator/Demodulator 


Continuously-Variable-Slope Delta 
Modulator/Demodulator 


MC3517 


MC3518 


MC3523 Overvoitage Sensing Circuit 
MC3556 Dual Timing Circuit 


“See Telecommunication Device Data (DL 136) 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-4 


ALPHANUMERIC INDEX — CONTINUED 


——— 


Device 
Number 
MC33063 
MC33063A 
MC33064 
MC33065 


Function 

DC-to-DC Converter Control Circuit 
DC-to-DC Converter Control Circuit 
Undervoltage Sensing Circuit 


High-Performance Dual Channel Current 
Mode Controller 


MC33066 High-Performance Resonant Mode 
Controller 

MC33071 High-Performance Single-Supply 
Operational Amplitier 

MC33072 Dual, High-Performance Single-Supply 
Operational Amplifier 

MC33074 Quad, High-Performance Single-Supply 
Operational Amplifier 

MC33077 Dual, Low-Noise Operational Amplifier 

MC33078 Dual, Low-Noise Operational Amplifier 

MC33079 Quad, Low-Noise Operational Amplifier 

MC33120 Subscriber Loop Interface Circuit 

MC33129 High-Performance Current Mode Controller 

MC33151 High-Speed Dual MOSFET Driver 

MC33152 High-Speed Dual MOSFET Driver 

MC33153 High-Speed Dual MOSFET Driver 

MC33160 Microprocessor Voltage Regulator and 
Supervisory Circuit 

MC33163 Power Switching Regulator 

MC33164 Undervoltage Sensing Circuit 

MC33166 Power Switching Regulator 

MC33171 Low-Power, Single-Supply Operational 
Amplifier 

MC33172 Low-Power, Single-Supply Operational 
Amplifier 

MC33174 Low-Power, Single-Supply Operational 
Amplifier 

MC33178 High-Output Current Low-Power 
Operational Amplifier 

MC33179 High-Output Current Low-Power 
Operational Amplifier 

MC33181 Low-Power JFET Input Operational 
Amplifier 

MC33182 Dual, Low-Power JFET Input Operational 
Amplifier 

MC33184 Quad, Low-Power JFET Input Operational 
Amplifier 

MC33272 High-Performance Operational Amplifier 

MC33274 High-Performance Operational Amplifier 

MC33282 JFET Operational Amplifier 

MC33284 JFET Operational Amplifier 

MC34001 JFET-Input Operational Amplifier 

MC34002 JFET-Input Operational Amplifier 

MC34004 JFET-input Operational Amplifier 

MC34010 Electronic Telephone Circuit 

MC34011A Electronic Telehpone Circuit 

MC34012 Telephone Tone Ringer 

Series 


*See Telecommunication Device Data (DL136) 


3-212 
3-218 
3-227 
3-232 


3-245 


2-306 


2-306 


2-306 


2-250 
2-261 
2-261 
3-253 
3-266 
3-274 
3-274 
3-279 


3-287 
3-297 


3-302 
2-270 


2-270 


2-270 


2-277 


2-277 


2-333 


2-333 


2-333 


2-287 
2-287 
2-296 
2-296 
2-299 
2-299 
2-299 


MC34013A 
MC34014 


MC34017 
MC34018 
MC34050 
MC34051 
MC34060 


MC34060A 


MC34063 
MC34063A 
MC34064 
MC34065 


MC34066 


MC34071 


MC34072 


MC34074 


MC34080 


MC34081 


MC34082 


MC34083 


MC34084 


MC34085 


MC34114 


MC34115 


MC34117 
MC34118 
MC34119 
MC34129 
MC34151 
MC34152 
MC34153 
MC34160 


MC34163 
MC34164 


Device 
Number 


Speech Network and Tone Dialer 


Telephone Speech Network with Dialer 
Interface 


Telephone Tone Ringer 

Voice Switched Speakerphone Circuit 
Dual ElA-422/423 Transceiver 

Dual ElA-422/423 Transceiver 


Switchmode Pulse Width Modulation 
Control Circuit 


Switchmode Pulse Width Modulation 
Control Circuit 


DC-to-DC Converter Control Circuit 
DC-to-DC Converter Control Circuit 
Undervoltage Sensing Circuit 


High-Performance Dual Channel Current 
Mode Controller 


High-Performance Resonant Mode 
Controller 


High-Performance Single-Supply 
Operational Amplifier 


Dual, High-Performance Single-Supply 
Operational Amplifier 


Quad, High-Performance Single-Supply 
Operational Amplifier 

High-Speed Decompensated (AycL 2 2) 
JFET Input Operational Amplifier 

High-Speed JFET Input Operational 
Amplifier 

Dual, High-Speed JFET Input Operational 
Amplifier 

Dual, High-Speed Decompensated 


(AvcL 2 2) JFET Input Operational 
Amplifier 


Quad, High-Speed JFET Input Operational 
Amplifier 


Quad, High-Speed Decompensated 


(AvCL 2 2) JFET Input Operational 
Amplifier 


Telephone Speech Network with Dialer 
Interface 


Continuously Variable Slope Delta 
Modulator/Demodulator 


Telephone Tone Ringer 

Voice Switched Speakerphone Circuit 
Low-Power Audio Amplifier 
High-Performance Current Mode Controller 
High-Speed Dual MOSFET Driver 
High-Speed Dual MOSFET Driver 
High-Speed Dual MOSFET Driver 


Microprocessor Voltage Regulator and 
Supervisory Circuit 


Power Switching Regulator 
Undervoltage Sensing Circuit 
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Device 
Number Page 


MC34166 Power Switching Regulator 3-302 
MC34181 


NE592 Video Amplifier 


OP-27 Ultra-Low-Noise Precision, High-Speed 
Operational Amplifier 


SAA1042,A Stepper Motor Driver 

SE592 Video Amplifier 

SG1525A Pulse Width Modulator Control Circuit 
SG1526 Pulse Width Modulator Control Circuit 
SG1527A Pulse Width Modulator Control Circuit 
SG2525A Pulse Width Modulator Control Circuit 
SG2526 Pulse Width Modulator Control Circuit 
SG2527A Pulse Width Modulator Control Circuit 
SG3525A Pulse Width Modulator Control Circuit 
$G3526 Pulse Width Modulator Control Circuit 
SG3527A Pulse Width Modulator Control Circuit 


SN75172 Quad EIA-485 Line Driver with 
Three-State Output 


SN75173 Quad EIA-485 Line Receiver with 
Three-State Output 


SN75174 Quad EIA-485 Line Driver with Three-State 
Output 


SN75175 Quad EIA-485 Line Receiver with 
Three-State Output 


TCA0372 Dual Power Operational Amplifier 


TCA5600 Universal Microprocessor Power Supply 
Controller 


Low-Power JFET Input Operational 
Amplifier 


MC34182 Dual, Low-Power JFET Input Operational 


Amplifier 


MC34184 Quad, Low-Power JFET Input Operational 


Amplifier 


MC35001 
MC35002 
MC35004 
MC35060 


JFET-Input Operational Amplifier 
JFET-Input Operational Amplifier 
JFET-Input Operational Amplifier 


Switchmode Pulse Width Modulation 
Control Circuit 


Switchmode Pulse Width Modulation 
Control Circuit 


DC-to-DC Converter Control Circuit 
DC-to-DC Converter Control Circuit 


High-Performance Single-Supply 
Operational Amplifier 


Dual, High-Performance Single-Supply 
Operational Amplifier 


MC35060A 


MC35063 
MC35063A 
MC35071 


MC35072 


MC35074 Quad, High-Performance Single-Supply 


Operational Amplifier 


MC35080 High-Speed Decompensated 


(AvCL 2 2) JFET Input Operational 
Amplifier 

High-Speed JFET Input Operational 
Amplifier 


Quad, High-Speed JFET Input Operational 
Amplifier 


MC35081 


TCF5600 Universal Microprocessor Power Supply 


Controller 

TCF6000 Peripheral Clamping Array 

TDA1085A Universal Motor Speed Controller 

TDA1085C Universal Motor Speed Controller 

TDA1185A Triac Phase Angle Controller 

TDA1524A Stereo Tone Control System 

TDA3190P TV Sound System 

TDA3301B TV Color Processor 

TDA3303 TV Color Processor 

TDA3330 TV Color Processor 

TDA4601 Flyback Converter Regulator Controi Circuit 

TLO61 Low-Power JFET-Input Operational 
Amplifier 

TLOG62 Dual, Low-Power JFET-Input Operational 
Amplifier 

TLO64 Quad, Low-Power JFET-Input Operational 
Amplifier 

TLO71 Low-Noise, JFET-Input Operational 
Amplifier 

TLO72 Dual, Low-Noise, JFET-Input Operational 
Amplifier 

TLO74 Quad, Low-Noise, JFET-input Operational 
Amplifier 

TLO81 JFET Input Operational Amplifier 

TLO82 Dual, JFET Input Operational Amplifier 

TLO84 Quad, JFET Input Operational Amplifier 

TL431,A Programmable Precision References 

Series 


TL494 Switchmode Pulse Width Modulation 
Control Circuit 


MC35084 


MC35085 Quad, High-Speed Decompensated 


(AvCL 2 2) JFET Input Operational 
Amplifier 


MC35171 Low-Power, Single-Supply Operational 


Amplifier 


MC35172 Dual, Low-Power, Single-Supply 


Operational Amplifier 


MC35174 Quad, Low-Power, Single-Supply 


Operational Amplifier 


MC35181 Low-Power JFET-Input Operational 


Amplifier 


MC35182 Dual, Low-Power JFET Input Operational 


Amplifier 


Quad, Low-Power JFET Input Operational 
Amplifier 


MC35184 


MC44301 
MC44602 
MC44802 
MC75107 
MC75108 
MC75S110 
MC75125 
MG75127 
MC75128 
MC75129 
MCC3334 
MCCF3334 


System 4 High-Performance Color TV IF 
Current Mode Controller 

PLL Tuning Circuit With 1.3 GHz Prescaler 
Dual Line Receiver 
Dual Line Receiver 
Duai Line Driver 
Seven-Channel Line Receiver 
Seven-Channel Line Receiver 
Eight-Channel Line Receiver 
Eight-Channel Line Receiver 
High Energy Ignition Circuit 
High Energy Ignition Circuit 
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Device | 
| Sumber Function 

TL594 Switchmode Puise Width Modulation UC3845 High-Performance Current Mode Controller 

Control Circuit ULN2001A __| Peripheral Driver Array 7-41 

TL780 Three-Terminal Positive Voltage Regulator 3-358 ULN20024 Peripheral Driver Array 7-44 

UAA1016B Zero Voltage Controller 4-134 ULN2003A Peripheral Driver Array 7-41 

UAA1041 Automotive Direction Indicator 10-31 ULN2004A Peripheral Driver Array 7-41 

UAA2016 Zero Voltage Controller B40 ULN2068B Quad 1.5 A Darlington Switch 7-193 

UC2842A Pgh ee ventalee Current Mode Controller | 3-363 ULN2074B Quad 1.5 A Darlington Switch 7-197 

UC2843A High-Performance Current Mode Controller | 3-363 ULN2801 Octal Peripheral Driver Array 7-201 

UC2844 High-Performance Current Mode Controller | 3-377 ULN2802 Octal Peripheral Driver Array 7-201 

UC2845 High-Performance Current Mode Controller | 3-377 ULN2803 Octal Peripheral Driver Array 7-201 

UC3842A High-Performance Current Mode Controller | 3-363 ULN2804 Octal Peripheral Driver Array 7.204 

UC3843A High-Performance Current Mode Controller | 3-363 \A78S40 Universal Switching Regulator Subsystem 
| UC3844 High-Performance Current Mode Controller 


MOTOROLA LINEAR/INTERFACE DEVICES 
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Cross Refe rence NOTE: All “Motorola Direct Replacement” devices which have part numbers identica/to the “Part 


Number" being searched for are not included in this Cross Reference table. Please refer to 
the Alphanumeric Index on pages 1-1 to 1-6. 
Motorola Motorola Motorola Motorola 
Direct Similar Direct Similar 

Part Number Replacement Replacement Part Number Replacement Replacement Page 
55110DM MC75S110L AD509J LM301AH 2-45 
75107ADC MC75107L AD509K LM301AH 2-45 
75107APC MC75107P AD509S LM101AH 2-45 
75107BDC MC75107L AD518J LM301AH 2-45 
75107BPC MC75107P AD518K LM301AH 2-45 
75108ADC MC75108L AD518S LM101AH 2-45 
75108APC MC75108P AD530 MC1595L 11-26 
75108BDC MC75108L AD531 MC1595L 11-26 
75108BPC MC75108P AD532L MC1595L 11-26 
75110DC MC75S110L AD580J MC 1403U 5-8 
75110PC MC75S110P AD580K MC1403P1 5-8 
75207DC MC75107L AD580M MC1403AP1 5-8 
75207PC MC75108P AD580S MC1503U 5-8 
75208DC MC75108L AD580T MC1503AU 5-8 
75208PC MC75108P AD589J LM385Z-1.2 5-4 
8216 MC8T26AL AD589K LM385Z-1.2 5-4 
8226 MC8T28L AD589L LM385Z-1.2 5-4 
9614DC MC75S$110L AD589M LM385BZ-1.2 5-4 
9614DM MC75S110L AD741CJ MC1741CG 2-170 
9615DC MC75108L AD741J MC1741G 2-170 
9616CDC MC1488L AD741K MC1741G 2-170 
9616DM MC1488L AD741L MC1741G 2-170 
9616EDC MC1488L AD741S MC1741SG 2-175 
9617DC MC1489AL ADDAC-08AD DAC-08AQ 6-5 
9620DC MC75S110L ADDAC-08CD DAC-08CQ 6-5 
9620DM MC75S110L ADDAC-08D DAC-08Q 6-5 
9621DC MC75108L ADDAC-08ED DAC-08EQ 6-5 
9627CDC MC 1489AL ADDAC-08HD DAC-08HQ 6-5 
9627DM MC1489AL AM101AD LM101AH 2-45 
9636AT MC3488AP AM101AF LM101AH 2-45 
9637T MC3486P AM101A LM101AH 2-45 
9638T MC3487P AM101D LM101AH 2-45 
9640DC MC26S10L AM101F LM101AH 2-45 
9640NC MC3440AP AM101 LM101AH 2-45 
9640PC MC26S10P AM107D MC1741G 2-170 
9665DC MC 1411 AM107F MC1741G 2-170 
9665PC MC1411P AM107 LM111J 2-54 
9666DC MC1412L AM111D MC1741G 2-170 
9666PC MC1412P AM111H LM111H 2-54 
9667DC MC1413L AM201AD LM201AN 2-45 
9667PC MC1413P AM201AF LM201AH 2-45 
9668DC MC1416L AM201A LM201AH 2-45 
9668PC MC1416P AM201D LM201AN 2-45 
AD1403AN MC1403AU AM201F LM201AH 2-45 
AD1408-7D MC1408L7 AM201 LM201AH 2-45 
AD1508-8D MC1508L8 AM207D MC1741C 2-170 
AD301AL LM301AH AM207F MC1741C 2-170 
AD505J MC1776CG AM207 MC1741C 2-170 
AD505K MC1776CG AM211D MC1741C 2-170 
AD506S i MC1776G AM211H LM211H 2-54 
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CROSS REFERENCE - CONTINUED 


Motorola Motorola Motorola Motorola 
Direct Similar Direct Similar 
Part Number Replacement Replacement Part Number Replacement Replacement Page: 

AM26LS31CJ AM26LS31PC CA082CS TLO82CJG 2-374 
AM26LS31CN AM26LS31PC CA082E TLO82CP 2-374 
AM26LS31DS AM26LS31DS CA082S TLO82MJG 2-374 
AM26LS32ACJ AM26LS32D CA084AE TLO84ACN 2-374 
AM26LS32ACN AM26LS32APC CA084E TLO84CN 2-374 
AM26LS32P AM26LS32PC CA084S TLO82MJ 2-374 
AM26LS33DC MC3486L 7-139 CAI01AT LM101AH 2-45 
AM26LS33PC MC3486P CA101T LM101AH 2-45 
AM26S10DC MC26S10L CA107T MC1741CG 2-170 
AM301AD LM301AJ CA108AS LM108AJ-8 2-49 

AM301A LM301AH CA108AT LM108AH 2-49 
AM301D LM301AJ 2-45 CA108S LM108J-8 2-49 
AM301 LM301AH CA108T LM108H 2-49 
AM311D LM311J-8 CAI391E MC1391P 9-63 
AM311H LM311H CA139AG LM139AJ 2-66 
AM592HC NE592K CA139G LM139J 2-66 

AM592HM SE592K CA1458S MC1458CP1 2-133 
AM592PC NE592N CA1458T MC1458G 2-133 
AM723DC MC1723CL CA1558S MC1558U 2-133 
AM723DM MC1723L CA1558T MC1558G 2-133 
AM723HC MC1723CG CA201AT LM201AH 2-45 

AM723HM MC1723G CA201T LM201 AH 2-45 
AM723PC MC1723CP CA207T MC1741C 2-170 
AM725A31T MC1556G 2-127 CA208AT LM208AH 2-49 

AM725HM MC1556G CA208S LM208J-8 2-49 

AM733DC MC1733CL CA208T LM208H 2-49 

AM733DM MC1733L CA239AE LM239AN 2-66 

AM733HC MC1733CG CA239AG LM239AJ 2-66 

AM733HM MC1733G CA239E LM23SN 2-66 

AM741DC MC1741CU CA239G LM239J 2-66 

AM741DM MC1741U CA3008A MC1709U 2-158 
AM741HC MC1741CG CA3008 MC1709U 2-158 
AM741HM MC1741G CA3010A MC1709G 2-158 
AM747DC MC1747CL CA3010 MC1709G 2-158 
AM747DM MC1747L CA3011 MC 1590G 2-150 
AM747HC MC1747CG CA3012 MC1590G 2-150 
AM747HM MC1747G CA3015A MC1709G 2-158 
AM748DC MC1748CU 2-185 CA3015 MC1709G 2-158 
AM748DM MC1748U CA3016A MC1709U 2-158 
AM748HC MC1748CG CA3016 MC1709U 2-158 
AM748HM MC1748G CA301AT LM301AH 2-45 
AN5150 MC34129P 3-253 CA3020A MC1454G 2-123 
AN5151 MC13001P 9-94 CA3020 MC1554G 2-123 
CA081 AE TLOB1ACP 2-374 CA3021 MC1590G 2-150 
CA081AS TLO81ACJG CA3022 MC1590G 2-150 
CA081CS TLO81CJG CA3023 MC1590G 2-150 
CAO81E TLO81CP 2-374 CA3026 CA3054 9-9 

CA081S TLO81MJG 2-374 CA3029A MC1709P1 2-158 
CAO82AE TLO82ACP 2-374 CA3029 MC1709P1 2-158 


CA082AS TLO82ACJG CA3030A MC1709P1 
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CROSS REFERENCE — CONTINUED 


CA3030 
CA3031 
CA3032 
CA3037A 
CA3037 


CA3038A 
CA3038 
CA3044V1 
CA3044 
CA3045F 


CA3045 
CA3046 
CA3048 
CA3052 
CA3054 


CA3056A 
CA3056 
CA3058 
CA3059 
CA3064 


CA3076 
CA3078AS 
CA3078AT 
CA3078S 
CA307877 


CA3079 
CA3085AF 
CA3085AS 
CA3085A 
CA3085 


CA3086F 
CA308AS 
CA308AT 
CA308S 

CA3091D 


CA3136A 
CA3139 
CA3146D 
CA3146 
CA3201E 


CA3210E 
CA3217E 
CA3302E 
CA339AE 
CA339AG 


CA339E 
CA339G 
CA3401E 
CA6078AS 
CA6078AT 


Part Number 


Motorola 
Direct 
Replacement 


MC3346P 


CA3054 


CA3059 


CA3079 


LM308N 
LM308AH 
LM308H 


MC3302N 
LM339AN 
LM339AJ 


LM339N 
LM339J 
MC3401P 


Motorola 
Similar 
Replacement 


MC1709P1 
MC1733 
MC1733 
MC1709U 
MC1709U 


MC1709U 
MC1709U 
MC13010P 
MC13010P 
MC3346P 


MC3346P 


MC3301P 
MC3301P 


MC1741G 
MC1741CG 
CA3059 


MC13010P 


MC1590G 
MC1776G 
MC1776G 
MG1776CG 
MC1776CG 


MC1723L 
MC1723G 
MC1723G 
MC1723G 


MC3346P 


MC1594L 


MC3346P 
MC 13010P 
CA3146D 
MC3346P 
TDA3301 


MC13001P 
TDA3301 


MC1776G 
MC1776G 


NOTE: All “Motorola Direct Replacement” devices which have part numbers identical to the “Part 


Number” being searched for are not included in this Cross Reference table. Please reter to 


the Alphanumeric Index on pages 1-1 to 1-6. 


Part Number 


CA6741S 
CA6741T 
CA723CE 
CA723CT 
CA723E 


CA723T 
CA741CS 
CA741CT 
CA741S 
CA741T 


CA747CE 
CA747CF 
CA747CT 
CA747E 
CA747F 


CA747T 
CA748CS 
CA748CT 
CA748S 
CA748T 


CA7607E 
CAT61IE 
CMP-01CJ 
CMP-01CP 
CS3471 


08216 
D8226 
DAC-08CN 
DAC-08EN 
DAC-O8HN 


DACO800LCJ 
DACO800LCN 
DACO0800LD 

DAC0801LCJ 
DAC0801LCN 


DACO0802LCJ 
DAC0802LCN 
DAC0802LD 

DACO806LCJ 
DACO806LCN 


DAC0807LCJ 
DAC0807LCN 
DACO808LCJ 
DACO808LCN 
DAC0808LD 


DM7822J 
DM7837J 
DM8822J 
DM8822N 
OM8837N 


Motorola 
Direct 
Replacement 


MC1723CP 
MC1723CG 
MC1723L 


MC1723G 
MC1741CP1 
MC1741CG 
MC1741U 
MC1741G 


MC1747CL 
MC1747CL 
MC1747CG 
MCt747L 
MC1747L 


MC1747G 
MC1748CP1 
MC1748CG 
MC1748U 
MC1748G 


MC3471P 


DAC-08EQ 
DAC-08EP 
DAC-08Q 

DAC-08CQ 
DAC-08CP 


DAC-08HQ 
DAC-O8HP 
DAC-08AQ 
MC1408L6 
MC1408P6 


MC1408L7 
MC1408P7 
MC1408L8 
MC1408P8 
MC1508L8 


MC3437P 
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Motorola 
Similar 
Replacement 


MC1776G 
MC1776G 


MC13010P 
MC13010P 
MC1556G 
MC1556P 


MC8T26AL 
MC8T28L 

DAC-08CP 
DAC-O8EP 
DAC-08HP 


MC1489AL 
MC3437L 

MC1489AL 
MC1489AP 


6-15 
6-15 


6-15 
6-15 
6-15 
6-15 
6-15 


7-54 
7-62 
7-54 
7-54 


CROSS REFERENCE — CONTINUED 


DS1488J 
DS1488N 
DS1489AJ 
DS1489AN 
DS1489J 


DS1489N 

DS26LS31N 
DS26LS32N 
DS26S10CJ 
DS26S10CN 


DS3486J 
DS3486N 
DS3487J 
DS3487N 
DS3612H 


DS3612N 
DS3632H 
DS3632J 
DS3632N 
DS3650J 


DS3650N 
DS3651J 
DS3651N 
DS3652J 
DS3652N 


DS3653J 
DS3653N 
DS3691 
DS55107W 
DS55110J 


DS75107J 
DS75107N 
DS75108J 
DS75108N 
DS75110J 


DS75110N 
DS75207J 
DS75207N 
DS75208J 
DS75208N 


DS7837J 
DS7837W 
DS8833J 
OS8833N 
DS8834J 


DS8834N 
DS8835J 
DS8835N 
DS8837J 
DS8837N 


Part Number 


Direct 


MC1488L 
MC 1488P 

MC 1489AL 
MC1489AP 
MC1489L 


MC1489P 
AM26LS31P 
AM26LS32P 
MC26S10L 
MC26S10P 


MC3486L 
MC3486P 
MC3487L 
MC3487P 


MC1472U 
MC1472U 
MC1472P1 
MC3450L 


MC3450P 
MC3430L 
MC3430P 
MC3452L 
MC3452P 


MC3432L 
MC3432P 
AM26LS30 


MC75107L 
MC75107P 
MC75108L 
MC75108P 
MC75S110L 


MC75S110P 


MC3437L 
MC3437P 


Motorola 


Replacement 


Motorola 
Similar 
Replacement 


MC1472U 


MC1472P1 


MC75107L 7-168 
MC75S110L 


MC75107L 7-168 
MC75107P 7-168 
MC75108L 7-168 


MC75108P 


MC3437L 


MC3437L 7-62 
MC8T28L 7-32 
MC8T28P 7-32 


MC8T26AL 


MC8T26AP 
MC8T26AL 
MC8T26AP 


Part Number 


DS8839J 
DS8839N 
DS8922A 
DS8923A 
ICB8741C 


ICH8500ATV 
ICH8500TV 
ICL101ALNDP 
ICL101ALNFB 
ICL101ALNTY 


ICL301ALNPA 
ICL301ALNTY 
ICL741 CLNPA 
ICL741CLNTY 
ICL8001CTZ 


{CL8001MTZ 
ICL8007CTA 
ICL8007MTA 
ICL8008CPA 
ICL8008CTY 


ICL8013A 
ICL8013B 
ICL8013C 
ICL8017CTW 
ICL8017MTW 


ICL8021C 
ICL8021M 
ICL8022C 
ICL8022M 
ICL8043CDE 


ICL8043CPE 
1CL8043MDE 
ICL8048CDE 
ICL8048CPE 
ICL8048DPE 


ICL8069CCZR 
ICL8069DCZR 
IP1525AJ 
IP1526J 
IP1527Ad 


(P2525AJ 
IP2526J 
IP2527AJ 
1P33063N 
IP34060AN 


IP34063N 
IP35060AN 
IP35063J 
IP3525AJ 
IP3525AN 


Motorola 
Direct 
Replacement 


SG1526AJ 
$G1526J 
SG1527AJ 


SG2525AJ 
SG25265 
SG2527AJ 
MC33063P 1 
MC34060AP 


MC34063P1 
MC35060AL 
MC35063U 
SG3525AJ 
SG3525AN 
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Motorola 
Similar 
Replacement 


MC8T28L 
MC8T28P 
MC34051 
MC34050 
MC1741CG 


MC1776CG 
MC1776CG 
LM101AH 
LM101AH 
LM101AH 


LM301AH 
LM301AH 
MC1741CP1 
MC1741CP1 
LM111J 


LM1114J 
MC1709CG 
MC1709CG 
LM301AN 
LM301AN 


MC1594L 
MC1594L 
MC1594L 
LM301AN 
LM301AN 


MC1776G 
MC1776G 
MC1776G 
MC1776G 
MC1776G 


MC1776G 
MC1776G 
MC1776G 
MC1776G 
MC1776G 


LM385BZ-1.2 
LM385BZ-1.2 


Page 


7-32 
7-32 
7-161 
7-161 
2-170 


2-189 
2-189 
2-45 
2-45 
2-45 


2-45 
2-45 
2-170 
2-170 
2-54 


2-54 
2-158 
2-158 

2-45 

2-45 


41-12 
11-12 
11-42 
2-45 
2-45 


2-189 
2-189 
2-189 
2-189 
2-189 


2-189 
2-189 
2-189 
2-189 
2-189 


5-4 
5-4 
3-311 
3-311 
3-304 


3-304 
3-304 
3-304 
3-212 
3-188 


3-212 
3-188 
3-212 
3-304 


CROSS REFERENCE = CONTINUED NOTE: All “Motorola Direct Replacement” devices which have part numbers identical to the “Part 


Number” being searched for are not included in this Cross Reference table. Please refer to 
the Alphanumeric index on pages 1-1 to 1-6. 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


Motorola Motorola 
Direct Similar 
Part Number Replacement Replacement 


Part Number 


MC1537L. 


IP3526J SG3526J LH2101AF 


IP3526N SG3526N LH2201AD MC1537L 2-105 
IP3527AJ SG3527AJ LH2201AF MC1537L 2-105 
IP3527AN SG3527AN LH2301AD MC1437L. 2-105 


IP494ACJ TL594IN LH2301AF MC1437L 2-105 


IP494ACN TLS94CN LH740ACH LF355H 2-17 
IP494AJ TL594MJ LM101AD LM101AH 2-45 
ITT3064 MC13010P LM101AF LM101AH 2-45 
ITT3710 MC1391P LM101Ad-14 LM101AJ 2-45 
ITT652 MC1411P LM101AUG LM101AJ 2-45 
ITT654 MC1412P LM101AJ LM101AJ 2-45 
ITT656 MC1413P LM101AL LM101AH 2-45 
L144AP LM324N LM101D LM101AJ 2-45 
1201 MC1411P LM101F LM101AH 2-45 
L202 MC1412P LM101J-14 LM101AJ 2-45 
L203 MC1413P LM107H MC1741 2-170 
L583 MC3484S2 LM107L MC1741 2-170 
LF351BH MC34001BG LM108AH LM108AH 2-49 
LF351BN MC34001BP LM109LA LM109K 3-16 
LF351H MC34001G LM111HH LM111H 2-54 
LF352D LF355J LM111JG LM111J-8 2-54 
LF353BH MC34002BG LM112H MC1556U 2-127 
LF353BN MC34002BP LM118H MC1741SG 2-170 
LF353H MC34002G LM120H-12 MC7912CK 3-171 
LF355JG LF355J LM120H-15 MC7915CK 3-171 
LF355L LF355H LM120H-5.0 MC7905CK 3-171 
LF355N LF355J LM120K-12 MC7912CK 3-171 
LF356BN LF356J LM120K-15 MC7915CK 3-171 
LF356JG LF356J LM120K-5.0 MC7905CK 3-171 
LF356L LF356H LM122H MC1556G 2-127 
LF356N LF356J LM124AD LM124J 2-60 
LF356P LF356J LM124AJ LM124J 2-60 
LF357BN LF357BJ LM125H MC1568G 3-109 
LF357JG LF357J LM126H MC1568G 3-109 
LF357L LF357H LM128H MC1568G 3-109 
LF357N LF357J LM1408J6 MC1408L6 6-15 
LF357P LF357J LM1408J7 MC1408L7 6-15 
LHO004CHH MC1536G LM1408J8 MC1408L8 6-15 
LHO004CH MC1436G LM1408N6 MC1408P6 6-15 
LHO004H MC1536G LM1408N7 MC1408P7 6-15 
LHOQOACD MC1776CG LM1408N8 MC1408P 6-15 
LHOOOACF MC1776CG LM1489AN MC1489AP 7-54 
LHOOOACH MC1776CG LM1489J MC1489L 7-54 
LHOOOAD MC1776G LM1489N MC1489P 7-54 
LHOOOAF MC1776G LM1496H MC1496G 8-13 
LHOOOAH MC1776G LM1496J MC1496L 8-13 
LH042CH MC1776G LM1496N MC1496P 8-13 
LH101H MC1741G LM149J MC4741L 2-245 
LH201H MC1741G LM158AH LM158H 2-76 
LH2101AD MC1537L LM158JG LM158J 2-76 | 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-12 


CROSS REFERENCE - CONTINUED 


Motorola Motoroia 
Direct Similar 


Motorola Motorola 
Direct Similar 


Part Number 


LM158L 
LM1596H MC1596G 
LM1596J MC1596L 
LM163J 
LM171H 


LM1822 
LM1849A 
LM1889 
LM1900D 
LM193JG 


LM193U 
LM1981 
LM201 AJ-14 
LM201AJG 
LM201AP 


LM201H 

LM201J-14 

LM201J LM201AJ 
LM204LAH-5.0 

LM204LAH-8.0 


LM207H 

LM208AJ 

LM211JG 

LM211M LM211D 
LM212H 


LM217H LM217H 
LM217KC 

LM217KD 

LM218H 

LM218J-8 


LM220H-12 
LM220H-15 
LM220H-5.0 
LM220K-12 
LM220K- 15 


LM220K-5.0 

LM222H 

LM224AF 

LM224AJ 

LM224M LM224N 


LM225H 
LM226H 
LM228H 
LM239M LM239D 
LM239N LM239N 


LM240LAH-12 
LM240LAH-15 
LM240LAZ-12 
LM240LAZ-15 
LM240LAZ-18 


Replacement 


Replacement 


LM158H 


MC3450L 
MC1590G 


MC13010P 
MC3484S2 
MC1374P 
MC3301P 
LM193H 


LM193H 
MC13020P 
LM201AJ 
LM201AJ 
LM201AN 


LM201AH 
LM201AJ 


MC78LOSACG 
MC78LO8ACG 


MC1741C 
LM208AJ-8 
LM211J-8 


MC1456U 


LM217K 
LM217H 
MC1741SG 
MC1741SU 


MC7912CK 
MC7915CK 
MC7905CK 
MC7912CK 
MC7915CK 


MC7905CK 
MC1556G 
LM224J 
LM224J 


MC1568G 
MC1568G 
MC1568G 


MC78L12ACG 
MC78L15ACG 
MC78L12ACP 
MC78L15ACP 
MC78L18ACP 


Part Number Replacement 


LM240LAZ-24 

LM240LAZ-5.0 
LM240LAZ-6.0 
LM240LAZ-8.0 
LM243H 


LM243J 

LM249N 

LM258AH 

LM258M LM258D 
LM271H 


LM2901M LM2901D 
LM2902M LM2902D 
LM2S03M LM2903D 
LM2903P LM2903N 
LM2903 LM2903N 


LM2904M LM2904D 
LM2905N 

LM2931CM LM2931CD 
LM2931D-5.0 LM2931D-5.0 
LM293P 


LM293U 

LM301AJG 

LM301AL 

LM301AM LM301AD 
LM301 AP 


LM3026 

LM3045 

LM3046N MC3346P 
LM3054 CA3054 
LM3064N 


LM307P 

LM3089 

LM308AH- 1 

LM308AH-2 

LM308M LM308D 


LM309KC 

LM311D LM311D 
LM314J-8 LM311J-8 
LM311JG 

LM311M LM311D 


LM311N-14 
LM311N 
LM311P 
LM312H 
LM3146A 


LM3146 

LM317KC LM317T 
LM317KD 

LM317MP 

LM317P 


MOTOROLA LINEAR/INTERFACE DEVICES 


Replacement 


MC78L24ACP 
MC78LO5ACP 
MC78LO5ACP 
MC78LO8ACP 
MC1536G 


MC4741L 
MC4741P 
LM258H 


MC1590G 


MC1455P1 


LM293H 


LM293H 
LM301 AJ 
LM301AH 


LM301AN 


CA3054 
MC3446P 


MC13010P 


LM307N 

MC3356P 
LM308AH 
LM308AH 


LM309K 


LM311J-8 


LM311J 
LM311J 
LM311N 
MC1456G 
MC3346P 


MC3346P 
LM317T 


LM317MT 
LM317T 


NOTE: All “Motorola Direct Replacement" devices which have part numbers identical to the “Part 
Number” being searched for are not included in this Cross Reference table. Please refer to 
the Alphanumeric Index on pages 1-1 to 1-6. 


CROSS REFERENCE -— CONTINUED 


Part Number 


LM3189 
LM318D 
LM318H 
LM318N 
LM320H-12 


LM320H-15 
LM320H-5.0 
LM320K-12 
LM320K-15 
LM320K-5.0 


LM320LZ-12 
LM320LZ-15 
LM320LZ-5.0 
LM320MP-12 
LM320MP-15 


LM320MP-18 
LM320MP-24 
LM320MP-5.0 
LM320MP-5.2 
LM320MP-6.0 


LM320MP-8.0 
LM320T-12 
LM320T-15 
LM320T-5.0 
LM320T-5.2 


LM322H 
LM322N 
LM324AJ 
LM325AN 
LM325H 


LM325N 
LM326H 
LM326N 
LM328AN 
LM328H 


LM328N 
LM3301N 
LM3302J 
LM3302N 
LM3302 


LM337MP 
LM339P 
LM3401N 
LM340KC-12 
LM340KC-15 


LM340KC-18 
LM340KC-24 
LM340KC-6.0 
LM340KC-8.0 
LM340LAH-12 


Motorola 
Direct 
Replacement 


MC3301P 
MC3302L 
MC3302P 
MC3302P 


MC3401P 
LM340T-12 
LM340T-15 


Motorola 
Similar 
Replacement 


MC3356P 
MC1741SCU 
MC1741SCG 
MC1741SCP1 
MC7912CK 


MC7915CK 
MC7905CK 
MC7912CK 
MC7915CK 
MC7905CK 


MC79L12ACP 
MC79L15ACP 
MC79LO5ACP 
MC7912CT 
MC7915CT 


MC7918CT 
MC7924CT 
MC7905CT 
MC7905.2CT 
MC7S906CT 


MC7908CT 
MC7912CT 
MC7915CT 
MC7S905CT 
MC7905.2CT 


MC1455G 
MC1455P1 
LM324J 
MC1468L 
MC 1468G 


MC1468L 
MC1468G 
MC1468L 
MC1468L 
MC1468G 


MC1468L 


LM337MT 
LM339N 


MC7818CK 
MC7824CK 
MC7806CK 
MC7808CK 
MC78L12ACG 


Part Number 


LM340LAH-15 
LM340LAH-5.0 
LM340LAH-8.0 
LM340LAZ-12 
LM340LAZ-15 


LM340LAZ-18 
LM340LAZ-24 
LM340LAZ-5.0 
LM340LAZ-6.0 
LM340LAZ-8.0 


LM341P-12 
LM341P-15 
LM341P-18 
LM341P-24 
LM341P-5.0 


LM341P-6.0 
LM341P-8.0 
LM342P-12 
LM342P-15 
LM342P-18 


LM342P-24 
LM342P-5.0 
LM342P-6.0 
LM342P-8.0 
LM343H 


LM345K 
LM349J 
LM349N 
LM358AH 
LM358AN 


LM358J5G 
LM363AJ 
LM363AN 
LM363J 
LM363N 


LM371H 
LM385M- 1.2 
LM385M-2.5 
LM386N 
LM3905N 


LM3905 
LM393JNG 
LM393M 
LM4250CH 
LM4250CN 


LM4250H 

LM55109J 
LM55110J 
LM555CH 
LMS55CN 


Motorola 
Direct 
Replacement 


LM385D-1.2 
LM385D-2.5 


LM393D 


MC1455G 
MC1455P1 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-14 


Motorola 
Similar 
Replacement 


MC78L15ACG 
MC78LO5ACG 
MC78LO8ACG 
MC78L12ACP 
MC78L15ACG 


MC78L18ACP 
MC78L24ACP 
MC78LO5ACP 
MC78LO5ACP 
MC78LO8ACP 


MC78M12CT 
MC78M15CT 
MC78M18CT 
MC78M24CT 
MC78MO5CT 


MC78MO06CT 
MC78MO08CT 
MC78M12CT 
MC78M15CT 
MC78M18CT 


MC78M24CT 
MC78M05CT 
MC 78MO06CT 
MC78M08CT 
MC1436G 


MC7905CK 
MC4741CL 
MC4741CL 
LM358H 
LM358N 


LM358J 

MC3450L 
MC3450P 
MC3450L 
MC3450P 


MC1590G 
MC34119P 
MC1455P1 


MC1455P1 
LM393N 


MC1776CG 
MC1776CP1 


MC1776G 
MC75S110L 
MC75S110L 


CROSS REFERENCE - CONTINUED 


Part Number 


LM555H 
LM556CD 
LM556CJ 
LM556CN 
LM556L 


LM703LN 
LM709AH 
LM709AN-8 
LM709CN 
LM709H 


LM723CD 
LM723CH 
LM723CJ 
LM723CN 
LM723H 


LM723J 

LM733CD 
LM733CH 
LM733CJ 
LM733CN 


LM733H 
LM733J 
LM741AH 
LM741CD 
LM741CJ-14 


LM741EH 
LM741EJ 

LM741EN 
LM747CD 
LM748CH 


LM748CJ 
LM748CN 
LM748H 
LM748J 
LM75107AN 


LM75108AJ 
LM75108AN 
LM75110J 
LM75110N 
LM75207L 


LM75207N 
LM75208J 

LM75208N 
LM7805CK 
LM7805CT 


LM7805KC 
LM7806KC 
LM7808KC 
LM7812CK 
LM7812CT 


Motorola 
Direct 
Replacement 


MC1455G 
MC3456L 
MC3456L 
MC3456P 
MC3456L 


MC1709AG 
MC1709CP1 
MC1709CG 
MC1709G 


MC1723CJ 
MC1723CG 
MC1723CL 
MC1723CP 
MC1723G 


MC1723L 

MC1733CL 
MC1733CG 
MC1733CL 
MC1733CP 


MC1733G 
MC1733L 


LM1741CJ 
LM1741CJ 


MC1747CL 
MC1748CG 


MC1748CU 
MC1748CP1 
MC1748G 
MC1748U 
MC75107P 


MC75108L 
MC75108P 
MC75S110L 
MC75S110P 


MC7805CK 
MC7805CT 


MC7805CK 
MC7806CK 
MC7808CK 
MC7812CK 
MC7812CT 


Motorola 
Simitar 
Replacement 


MC1350P 


MC1741G 


MC1741CG 
MC1741CU 
MC1741CP1 


MC75107L 


MC75107P 
MG75108L 
MC75108P 


Part Number 


LM7812KC 
LM7815CK 
LM7815CT 
LM7815KC 
LM7818KC 


LM7824KC 
LM78LO5ACH 
LM78LO5ACZ 
LM78L05CH 
LM78L05CZ 


LM78LO8ACH 
LM78LO8ACZ 
LM78LO08CH 
LM78L08CZ 
LM78L12ACH 


LM78L12ACZ 
LM78L12CH 
LM78L12CZ 
LM78L15ACH 
LM78L15ACZ 


LM78L15CH 
LM78L15CZ 
LM78L18ACZ 
LM78L18CZ 
LM78L24ACZ 


LM78L24CZ 

LM78M05CP 
LM78M12CP 
LM78M15CP 
LM7905CK 


LM7905CT 
LM7912CK 
LM7912CT 
LM7915CK 
LM7915CT 


LM79L05ACZ 
LM79L12ACZ 
LM79L15ACZ 
LM79M05CP 
LM79M12CP 


LM79M15CP 
LM837N 
MB3759 
MC1458JB 
MC1458L 
MC1458P 
MC1489N3 


Motorola 
Direct 
Replacement 


MC7812CK 
MC7815CK 
MC7815CT 
MC7815CK 
MC7818CK 


MC7824CK 
MC78LOS5ACG 
MC78LO05ACP 
MC78LO5CG 
MC78LO5CP 


MC78LO8ACG 
MC78LO8ACP 
MC78LO08CG 
MC78LO8CP 
MC78L12ACG 


MC78L12ACP 
MC78L12CG 
MC78L12CP 
MC78L15ACG 
MC78L15ACP 


MC78L15CG 
MC78L15CP 
MC78L18ACP 
MC78L18CP 
MC78L24ACP 


MC78L24CP 


MC7905CK 


MC7905CT 
MC7912CK 
MC7912CT 
MC7915CK 
MC7915CT 


MC79LO5ACP 
MC79L12ACP 
MC78L15ACP 


TL494CN 
MC1458U 
MC1458G 
MC1458P1 
MC1489PDS 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-15 


Motorola 
Similar 
Replacement 


MC78M05CT 
MC78M12CT 
MC78M15CT 


MC79M05CT 
MC79M12CT 


MC79M15CT 
MC33079P 


CROSS REFERENCE ~ CONTINUED 


Part Number 


MC1489N 
MC3440AP 
MC3446J 
MC3446N 
MC3470N 


MC3485J 
MC3485N 
MC3486J 
MC3486N 
MC3487J 


MC3487N 

MP5531CP 
MP5531DP 
MP5532CP 
MP5532DP 


N5S56T 
N5556V 
NS558F 
N5558T 
NS558V 


N5595A 
N5S95F 
N5596A 
N5596K 
N5709A 


N5709T 
N5709V 
N5723A 
NS723K 
N5723T 


NS741A 
N5741T 
N5741V 
N5747A 
N5747F 


N5748A 
N5748T 
N8T15A 
N8T15F 
N8T16A 


N8T26AB 
N8T26AE 
N8T26AJ 
N8T26AN 
N8T26B 


N8T26J 
N8T26N 
N8T28B 
N8T37A 
N8T95B 


Motorola Motorola 


Direct Similar 
Replacement 


Replacement 


MC1489P 
MC3440AP 
MC3446AP 
MC3446AP 
MC3470P 


MC3485L 
MC3485P 
MC3486L 
MC3486P 
MC3487L 


MC3487P 
MC1404U5 
MC1404U5 
MC 1404U10 
MC1404U10 


MC1456G 
MC1456P1 
MC1458U 
MC1458G 
NC1458P1 


MC1495L 
MC1495L 
MC1496L 
MC1496G 
MC1709CP1 


MC1709CG 
NC1709CP1 
MC1723CP 
MC1733CG 
MC1723CG 


MC1741CP1 
MC1741CG 
MC1741CP1 
MC1747CL 
MC1747CL 


MC1747CG 
MC1748CG 

MC1488L 

MC1488L 

MC1489L 


MC8T26AP 
MC8T26AL 
MC8T26AL 
MC8T26AP 
MC8T26AP 


MC8T26AL 
MC8T26AP 
MC8T28P 
MC3437P 
MC8T95P 


NOTE: All "Motorola Direct Replacement” devices which have part numbers identical to the “Part 
Number" being searched for are not included in this Cross Reference table. Please refer to 
the Alphanumeric Index on pages 1-1 to 1-6. 


Part Number 


N8T95F 
N8T95N 
N8T96B 
N8T96F 
N8T96N 


N8T97B 
N8T97F 
N8T97N 
N8T98B 
N8T98F 


N8T98N 
NESO1A 
NE501K 
NE531G 
NE531T 


NE531V 
NE533G 
NES33T 
NE533V 
NE537G 


NE537T 
NE540L 
NE550A 
NESS50L 
NE555JuG 


NES55L 
NESS5T 
NE5561FE 
NES561N 
NE5561 


OP-01C 
OP-01G 
OP-01H 
OP-01d 

OP-01L 


OP-01P 
OP-08A 
OP-08B 
OP-08C 
OP-08E 


OP-08 

OP-27BJ 
OP-27CJ 
OP-27FJ 
OP-27GJ 


OP-27GZ 
PWM125AK 
PWM125BK 
PWM125CK 
RC1437DP 


Motorola 
Direct 
Replacement 


MC8T95L 
MC8T95P 
MC8T96P 
MC8T96L 
MC8T96P 


MC8T97P 
MC8T97L 
MC8T97P 
MC8T98P 
MC8T98L 


MC8T98P 


MC1455U 


MC1455G 
MC1455G 


MC3456L 


OP-27GZ 
SG1525AJ 
SG2525Ad 
SG3525AJ 
MC1437P 


Motorola 
Similar 
Replacement 


MC1733CL 
MC1733CG 
MC1439G 
MC1439G 


MC1439P 
MC1776CG 
MC1776CG 
MC1776CG 
MC1456G 


MC1456G 
MC1554G 
MC1723CP 
MC1723CG 


MC34060L 
MC34060P 


MC1536 
MC1536 
MC 1536 
MC1536G 
MC1536G 


MC1436P1 
MC1776 
MC1776 
MC1776 
MC1776 


MC1776 

OP-27BZ 
OP-27CZ 
OP-27FZ 
OP-27GZ 


7-37 
7-37 
7-37 


7-37 
7-37 
7-37 
7-37 
7-37 


7-37 
2-162 
2-162 
2-109 
2-109 


2-109 
2-189 
2-189 
2-189 
2-127 


2-127 
2-123 
3-115 
3-115 
11-5 


11-5 

11-5 
3-188 
3-188 
41-41 


2-101 
2-101 
2-101 
2-101 
2-101 


2-101 
2-189 
2-189 
2-189 
2-189 


2-189 
2-347 
2-347 
2-347 
2-347 


2-347 
3-304 
3-304 
3-304 


2-105 | 


MOTOROLA LINEARANTERFACE DEVICES 


1-16 


CROSS REFERENCE - CONTINUED 


RC1437D 
RC1458DN 
RC1458T 
RC1488DC 
RC1489ADC 


RC1489DC 
RC1556T 
RC1558T 
RC3302DB 
RC4131DP 


RC4131T 
RC4136DP 
RC4136D 
RC4136J 
RC4136N 


RC4194DG 
RC4195NB 
RC4195T 

RC4558DN 
RC4558JG 


RC4558L 
RC4558P 
RC4558T 
RC702T 
RC709DN 


RC709T 
RC723DB 
RC723DC 
RC723D 
RC723T 


RC733D 
RC733T 
RC741DN 
RC741T 
RC747D 


RC747T 
RC748T 
RC75107ADP 
RC75107AD 
RC75108ADP 


RC75108AD 
RC75109DP 
RC75109D 
RC75110DP 
RC75110D 


REF-01CJ 
REF-01CP 
REF-010Z 
REF-01DJ 
REF-010P 


Part Number 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


MC1437L 
MC 1458P1 
MC1458G 
MC1488L 
MC1489AL 


MC1489L 
MC1456CG 
MC 1558G 
MC3302P 


MC1741SCP1 


MC1741SG 
MC3403P 
MC3403L 
MC3403L 
MC3403P 


MC1468L 
MC1468L 
MC1468G 


MC4558CP1 
MC4558CU 


MC4558CG 
MC4558CP 1 
MC4558CG 


MC1733C 


MC1709CP1 


MC1709CG 
MC1723CP 
MC1723CL 
MC1723CL 
MC1723CG 


MC1733CL 
MC1733CG 
MC1741CP1 
MC1741CG 
MC1747CL 


MC1747CG 
MC1748CG 
MC75107P 
MC75107L 
MC75108P 


MC75108L 
MC75S110P 
MC75S110L 


MC75S110P 
MC75S110L 


MC1404U10 


MC1404U10 
MC1404U10 


MC1404U10 


MC1404U10 


Part Number 


REF-010Z 
REF-02CJ 
REF-02CP 
REF-02CZ 
REF-02DJ 


REF-02DP 
REF-02DZ 
RM1537D 
RM4136D 
RM4136J 


RM4194DC 
RM4195T 
RM4558D 
RM4558JG 
RM4558L 


RM4558T 
RM702T 
RM709T 
RM723DC 
RM723D 


RM723T 
RM733D 
RM733T 
RM741DP 
RM741T 


RM747D 
RM747T 
RM748T 
RV3301DB 
S5556T 


S5558E 
$5558T 
S5596F 
S5596K 
$5709G 


$5709T 
$5723T 
$5733K 
S$5741T 
SAA1027 


SA555N 
SE501K 
SE531G 
SE531T 
SE533G 


SE533T 
SE537G 
SE537T 
SE550L 
SE5561FE 


Motorola 
Direct 
Replacement 


MC1404U10 


MC1404U5 
MC1404U5 


MC1404U5 
MC1404U5 
MC1537L 


MC4558U 
MC4558U 
MC4558G 


MC4558G 


MC1709G 
MC1723L 
MC1723L 


MC1723G 
MC1733L 
MC1733G 
MC1741P 
MC1741G 


MC1747L 
MC1747G 
MC1748G 
MC3301P 
MC1556G 


MC1558U 
MC1558G 
MC1596L 
MC1596G 
MC1709U 


MC1709G 
MC1723G 
MC1733G 
MC1741G 


MC1455BP1 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-17 


Motorola 
Similar 
Replacement 


MC 1404U5 


MC1404U5 


MC3503L 
MC3503L 


MC1568L 
MC 1568G 


MC1733 


SAA1042 


MC1733G 
MC1539G 
MC1539G 
MC1556G 


MC1556G 
MC 1556G 
MC1556G 
MC1723G 
MC35060L 


CROSS REFERENCE — CONTINUED 


NOTE: Ail “Motorola Direct Replacement” devices which have part numbers identical to the “Part 
Number” being searched for are not included in this Cross Reference table. Please refer to 
the Alphanumeric Index on pages 1-1 to 1-6. 


Motorola Motorola Motorola Motorola 


Direct Similar 
Replacement 


Direct Similar 
Replacement 


Part Number Reptacement Part Number Replacement 


SE592A 
SE592K 
SG100T 
SG101AD 
SG101AT 


SG101J 
SG101T 
SG107J 
$G107T 
SG108AJ 


SG108AT 
SG108J 
SG108T 
SG109K 
SG109R 


SG109T 
SG1118AJ 
$G1118AT 
$G1118J 
$G1118T 


$Gi11D 
SG111T 
SG117K 
$G117R 
SG117T 


SG118T 
$G1217T 
SG1217 
SG123K 
$G124J 


$G1250T 
$G137K 
SG137R 
$G137T 
SG1402N 


$G1402T 

SG140K-05 
SG140K-08 
SG140K-12 
SG140K-15 


$G1436CT 
SG1436M 
SG1436T 
SG1456CT 
SG1456T 


SG1458M 
SG1458T 
SG1468J 

SG1468N 
SG1468T 


SE592L 
SE592G 


LM101AH 


LM101AH 


LM108AJ 


LM108AH 
LM108J 
LM108H 
LM109K 


LM109H 


LM141J 
LM111H 
LM117K 


LM117H 


LM123K 
LM124J 


LM137K 


LM137H 


LM140K-5.0 
LM140K-8.0 
LM140K-12 
LM140K-15 


MC 1436CG 
MC1436U 
MC1436G 
MC1456CG 
MC1456G 


MC1458P1 
MC1458G 
MC1468L 


MC1468G 


MC1723G 


LM101AH 


LM101AH 


MC1741 
MC 1741 


LM109K 


LM108AJ 
LM108AH 
LM108J 
LM108H 


LM117K 


MC1741SG 
MC1741SG 
MC1741G 


MC1776G 


LM137K 


MC1594L 


MC1594L 


MC1468L 


$G1495D 
SG1495N 
$G1496D 
SG1496N 
SG1496T 


SG1501AD 
SG1501Ad 
SG1501AT 
SG1501J 
$G1501T 


$G1502D 
$G1502J 
SG1502N 
SG1503T 
SG1503Y 


$G1503 
SG150K 
$G1524J 
SG1536T 
SG1556T 


SG1558T 
SG1568J 
SG1568T 
$G1595D 
$G1596D 


SG1596T 
$G1660D 
SG1660J 

SG1660M 
SG1660T 


SG1760J 
SG1760M 
SG1760T 
SG200T 
$G201AD 


SG201AM 
SG201AN 
SG201AT 
SG201J 
$G201M 


SG201N 
$G201T 
$G207J 

SG207M 
SG207N 


SG207T 
SG208AJ 
SG208AM 
SG208AT 
SG208J 


MC1495L 


MC1496L 


MC1496G 


MC1568L 
MC1558G 


MC1503U 
LM150K 


MC1536G 
MC1556G 


MC1558G 
MC1568L 
MC1568G 
MC1595L 
MC1i596L 


MC1596G 


LM201AN 


LM201AH 


LM201AN 


LM201AH 


LM208AJ 
LM208AJ-8 
LM208AH 
LM208J 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-18 


MC1495L 


MC1496L 


MC1568L 
MC1568L 
MC1568G 


MC1568L 
MC1568L 
MC1568L 
MC1503U 
MC1503U 


TL494MJ 


LM301AH 
LM308J 
LM308N 
LM308H 


LM308J 
LM308N 
LM308H 
MC1723G 
LM201AH 
LM201AN 


LM201AH 


LM201AN 
MC1741C 
MC1741C 
MC1741C 


MC1741C 


CROSS REFERENCE — CONTINUED 


Part Number 


SG208M 
SG208T 
SG209K 
SG209R 
SG209T 


$G2118AJ 
SG2118AM 
$G2118AT 
$G2118J 
$G2118M 


$G2118T 
$G211D 
SG211M 
$G211T 
$G217K 


$G217R 
$G217T 
$G218J 

SG218M 
S$G218T 


$G223K 
$G224J 
SG224N 
SG2250T 
$G237K 


$G237R 
$G237T 
SG2402N 
$G2402T 
$G2501AD 


$G2501AT 
$G2501D 
$G2501J 
SG2501N 
$G2501T 


$G2502J 

SG2502N 
SG2503M 
$G2503T 
SG2503Y 


SG250K 
SG300N 
SG300T 
$G301AD 
$G301AM 


$G301AN 
$G301AT 
$G307J 
SG307M 
SG307N 


Motorola 
Direct 
Replacement 


LM208J-8 
LM208H 
LM209K 


LM20SH 


LM211J-8 
LM211J-8 
LM211H 
LM217K 


LM217H 


LM223K 


LM224J 


LM224N 


LM237K 


LM237H 


MC1468L 


MC1468G 


LM250K 


LM301AN 


LM301AH 


LM307N 


Motorola 
Similar 
Replacement 


LM209K 


LM208AJ 
LM208AJ-8 
LM208AH 
LM208J 
LM208J-8 


LM208H 


LM217K 


MC1741SL 
MC1741SL 
MC1741SG 


MC1776G 


LM237K 


MC1494L 
MC1494L 
MC1468L 


MC1468G 


MC1468L 
MC1468L 


MC1468L 
MC1468L 
MC1403AU 
MC1403AU 
TL4941J 


MC1723CP 
MC1723CG 
LM301AH 


LM301AN 


LM307N 


LM307N 


Part Number 


SG308AJ 
SG308AM 
SG308AT 
SG308J 
SG308M 


SG308T 
SG309K 
SG309P 
SG309R 
SG309T 


$G3118AJ 
$G3118AM 
SG3118AT 
$G3118J 
SG3118M 


$G3118T 
$G311D 
SG311M 
SG311T 
$G317K 


$G317P 
$G317R 
$G317T 
$G318J 

$G318M 


$G318T 
SG324J 
SG324N 
SG3250T 
$G337K 


$G337P 
$G337R 
$G337T 
SG3402N 
SG3402T 


SG340K-05 
SG340K-08 
SG340K-12 
SG340K-24 
SG3423M 


SG3423Y 

$G3501AD 
SG3501 AJ 
$G3501AN 
SG3501AT 


$G3501D 
$G3501J 
SG3501N 
SG3501T 
$G3502D 


Motorola 
Direct 
Replacement 


LM308AJ 
LM308AN 
LM308AH 
LM308J 
LM308N 


LM308H 
LM309K 


LM309H 


LM311J 

LM311N 
LM311H 
LM317K 
LM317T 


LM317H 


LM324J 
LM324N 


LM337K 
LM337T 


LM337H 


LM340K-5.0 
LM340K-8.0 
LM340K-12 
LM340K-24 


MC1468G 


MOTOROLA LINEAR/ANTERFACE DEVICES 


1-19 


Motorola 
Similar 
Replacement 


LM309K 
LM309K 


LM308AJ 
LM308AN 
LM308AH 
LM308J 
LM308N 


LM308H 


LM317T 


MC1741SCL 
MC1741CP1 


MC1741CG 


MC1776G 


LM337T 


MC1494L 
MC1494L 


MC3423P1 


MC3423U 
MC1468L 
MC1468L 
MC 1468L 
MC1468G 


MC1468L 
MC1468L 
MC1468L 


MC 1468L 


NOTE: All “Motorola Direct Replacement" devices which have part numbers identical to the "Part 
Number” being searched for are not included in this Cross Reference tabie. Please refer to 
the Alphanumeric Index on pages 1-1 to 1-6. 


CROSS REFERENCE - CONTINUED 


Motorola Motorola Motorola Motorola 
Direct Similar Direct Similar 

Part Number Replacement Replacement Part Number Replacement Replacement Page 
$G3502G MC1468G SG748CM MC1748CP1 2-185 
$G3502J MC 1468L SG748CN MC1748CP1 2-185 
$G3502N MC1468L SG748CT MC1748CG 2-185 
$G3503M MC1403U $G748D MC1748G 2-185 
SG3503T MC1403U SG748T MC1748G 2-185 
SG3503Y MC1403U $G777CJ LM308AJ 2-49 
SG3503 MC 1403U SG777CM LM308AH 2-49 
SG350K LM350K SG777CN LM308AN 2-49 
SG3523Y MC3523U SG777CT LM308AH 2-49 
SG3524J TL494CJ $G777J LM108AJ 2-49 
$G4194CJ MC1468L $G777T LM108AH 2-49 
$G4194J MC1568L SG7805ACK MC7805ACK 3-135 
SG4250CM MC1776CP1 SG7805ACP MC7805ACT 3-135 
SG4250CT MC1776CG SG7805ACR MC7805ACT 3-135 
SG4250T MC1776G SG7805ACT MC7805ACT 3-135 
$G4501D MC1468L SG7805AK MC7805AK 3-135 
$G4501J MC1468L SG7805AR MC7805AK 3-135 
SG4501N MC1468L SG7805AT MC7805AK 3-135 
$G4501T MC1468G SG7805CK MC7805CK 3-135 
$G501Ad MC1468G $G7805CP MC7805CT 3-135 
SG555CM MC1455P1 SG7805K MC7805K 3-135 
SG555CT MC1455G SG7805R MC7805K 3-135 
SG556CJ MC3456L SG7805T MC7805K 3-135 
SG556CN MC3456P SG7806ACP MC7806ACT 3-135 
SG556J MC3456L SG7806ACR MC7806ACT 3-135 
$G723CD MC1723CL SG7806ACT MC7806ACT 3-135 
$G723CJ MC1723CL SG7806CK MC7806CK 3-135 
SG723CN MC1723CP SG7806CP MC7806CT 3-135 
SG723CT MC1723CG SG7806CR MC7806CT 3-135 
$G723D MC1723L SG7806K MC7806K 3-135 
$G723J MC1723L $G7806R MC7806K 3-135 
SG723T MC1723G SG7806T MC7806K 3-135 
SG733CD MC1733CL SG7808ACP MC7808ACT 3-135 
SG733CN MC1733CP SG7808ACT MC78MO8ACT 3-135 
SG733CT MC1733CG SG7808CK MC7808CK 3-135 
$G733D MC1733L SG7808CP MC7808CT 3-135 
SG733N MC1733L SG7808CR MC7808CT 3-135 
SG733T MC1733G SG7808CT MC78M18CG 3-154 
$G741CM MC1741CP1 SG7808K MC7808K 3-135 
SG741CT MC1741CG SG7808R MC 7808K 3-135 
SG741SCM MC1741SCP1 SG7808T MC7808K 3-135 
SG741SCT MC1741SCG SG7812ACK MC7812ACK 3-135 
SG741ST MC1741SG $G7812ACP MC7812ACT 3-135 
SG741T MC1741G SG7812ACR MC7812ACT 3-135 
SG747CJ MC1747CL S$G7812ACT MC7812ACT 3-135 
SG747CN MC1747CP2 SG7812AK MC7812AK 3-135 
SG747CT MC1747CG $G7812AR MC7812AK 3-135 
SG747J MC1747L SG7812AT MC7812AK 3-135 
SG747T MC1747G SG7812CK MC7812CK 
SG748CD MC1748CP1 $G7812CP MC7812CT 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-20 


CROSS REFERENCE — CONTINUED 


$G7812CR 
$G7812CT 
$G7812K 

SG7815ACK 
$G7815ACP 


$G7815ACR 
$G7815ACT 
SG7815AK 
$G7815AR 
SG7815AT 


$G7815CK 
$G7815CP 
SG7815CR 
SG7815CT 
$G7815K 


$G7815R 
$G7815T 
SG7818ACK 
$G7818ACP 
$G7818ACR 


$G7818ACT 
SG7818AK 
$G7818AR 
SG7818AT 
$G7818CK 


$G7818CP 
$G7818CR 
$G7818CT 
SG7818K 
$G7818R 


$G7818T 
SG7824ACP 
SG7824ACR 
SG7824ACT 
SG7824CK 


$G7824CP 
SG7824CR 
SG7824K 
SG7824R 
SG7824T 


$G7905.2CP 
$G7905.2CR 
$G7905.2CT 
SG7905ACK 
SG7905ACP 


SG7905ACR 
SG7905ACT 
SG7905CK 
SG7905CP 
SG7905CR 


Part Number 


Direct 


MC7812K 
MC7815ACK 
MC7815ACT 


MC7815AK 


MC7815CK 
MC7815CT 


MG7815K 


MC7818ACK 
MC7818ACT 


MC7818AK 


MC7818CK 


MC7818CT 


MC7818K 


MC7824ACT 


MC7824CK 


MC7824CT 


MC7824K 


MC7905,.2CT 


MC7905ACK 
MC7905ACT 


MC7905CT 


Motorola 


Replacement 


Motorola 
Similar 


Replacement 


MC7812CT 
MC78M12CG 


MC7815ACT 
MC7815ACT 


MC7815AK 
MC7815AK 


MC7815CT 
MC7815CT 


MC7815K 


MC7815K 


MC7818ACT 


MC7818ACT 


MC7818AK 
MC7818AK 


MC7818CT 
MC78M18CG 


MC7818K 


MC7818K 


MC7824ACT 
MC7824ACT 


MC7824CT 
MC7824K 
MC7824K 


MC7905.2CT 
MC7905.2CT 


MC7905ACT 
MC7905ACT 
MC7905CK 


MC7905CT 


3-154 


3-135 
3-135 


3-135 
3-135 
3-135 
3-135 
3-135 


3-135 
3-135 
3-135 
3-135 
3-135 


3-135 
3-135 
3-135 
3-135 
3-135 


3-135 
3-135 
3-135 
3-135 
3-135 


3-135 
3-135 
3-154 
3-135 
3-135 


3-135 
3-135 
3-135 
3-135 
3-135 


3-135 
3-135 
3-135 
3-135 
3-135 


3-171 
3-171 
3-171 
3-171 
3-171 


SG7905CT 
SG7908CP 
SG7908CR 
SG7908CT 
SG7912ACK 


SG7912ACP 
$G7912ACR 
$G7912ACT 
SG7912CK 
$G7912CP 


$G7912CR 
SG7912CT 
SG7915ACK 
$G7915ACP 
SG7915ACR 


SG7915ACT 
SG7915CK 
SG7915CP 
SG7915CR 
SG7915CT 


SG7918CP 
SH323SKC 
SH8090FM 
SN52101AL 
SN52104L 


SN52107L 
SN52108AL 
SN52108L 
SN52109L 
SN75107AJ 


SN75107AN 
SN75107BJ 
SN75107BN 
SN75108AJ 
SN75108AN 


SN75108BJ 
SN75108BN 
SN75110AJ 
SN75110AN 
SN75121J 


SN75121N 
SN75122J 
SN75122N 
SN75125J 
SN75125N 


SN75126J 
SN75126N 
SN75127J 
SN75127N 
SN75128J 


Part Number 


Motorola 
Direct 
Replacement 


MC7908CT 


MC7912ACK 


MC7912ACT 


MC7912CK 
MC7912CT 


MC7915ACK 
MC7915ACT 


MC7915CK 
MC7915CT 


MC7918CT 
LM323K 


LM101AH 
LM101H 


LM108AH 
LMi08H 
LM109H 
MC75107L 


MC75107P 


MC75108L 
MC75108P 


MC75S110L 
MC75S110P 


MC75125L 


MC75127L 
MC75127P 
MC75128L 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-21 


Motorola 
Similar 
Replacement 


MC7905CT 


MC7908CT 
MC7908CT 


MC7912ACT 
MC7912ACT 


MC7912CT 
MC7912CT 


MC7915ACT 


MC7915ACT 


MC7915CT 


MC7915CT 


MC1508L8 


MC 1741 


MC75107L 


MC75107P 


MC75108L 


MC75108P 


MC3481/SL 


MC3481/SP 
MC75125L 
MC75125P 


MC3481/5L 


MC3481/5L 
MC3481/5P 


3-171 
3-174 
3-171 


3-171 
3-171 
3-171 
3-171 
3-171 


3-171 
3-171 
3-171 
3-171 
3-171 


3-171 
3-171 
3-171 
3-171 
3-171 


3-171 
3-37 
6-15 
2-45 
2-45 


2-170 
2-49 
2-49 
3-16 

7-168 


7-168 
7-168 
7-168 
7-168 
7-168 


7-168 
7-168 
7-173 
7-173 
7-134 


7-134 
7-178 
7-178 
7-178 
7-134 


7-134 
7-134 
7-178 
7-178 


CROSS REFERENCE —- CONTINUED NOTE: All “Motorola Direct Replacement” devices which have part numbers identica/ to the “Part 


Number’ being searched for are not included in this Cross Reference table. Please refer to 
the Alphanumeric Index on pages 1-1 to 1-6. 


Motorola Motorola 
Direct Similar 
Part Number Replacement Replacement 


Motorola Motorola 
Direct Similar 
Part Number Replacement Replacement 


SN75128N MC75128P 
SN75129J MC75129L 
SN75129N MC75129P 
SN75150J MC1488L 
SN75150N MC 1488P 


SSS201AL LM201AH 
SSS201AP LM201AN 
SSS207J MC1741C 
SSS207P MC1741C 
SSS301AJ LM301AH 


SN75154J MC1489L 
SN75154N MC1489P 
SN75160J MC3447L 
SN75160N MC3447P/P3 
SN75188J MC1488L 


$SS301AL LM301AH 
SSS301AP LM301AN 

SSS741BJ MC1741G 
SSS741CJ MC1741CG 
SSS741GJ MC1741SG 


SN75188N3 MC1488PDS 
SN75188N MC1488P 
SN75189AJ4 MC1489ALDS 
SN75189AJ MC1489AL 
SN75189AN MC1489AP 


$SS741GP MC1741SG 
SSS741J MC1741G 
SSS747BP MC1747L 
SSS747CK MC1747CG 
SSS747CM MC1747CF 


SN75189J4 MC1489LDS 

SN75189J MC1488L 

SN75189N3 MC1489PDS 

SN75189N MC1489P 

$N75207J MC75107L 


SSS747CP MC1747CL 
SSS747GK MC1747G 
$SS747GP MC1747L 
SSS747P MC1747L 
TA7179P MC1468L 


SN75207N MC75107P 
SN75208J MC75108L 
SN75208N MC75108P 
SN75251N MC3471P 
SN75466J MC1411L 


TA7502P MC1709P1 

TA7504P MC1741CP1 

TA7506P LM301AN 

TA75071P MC34001P 
TA75072P MC34002P 


SN75466N MC1411P 
SN75467J MC1412L 
SN75467N MC1412P 
SN75468J MC1413L 
SN75468N MC1413P 


TA75074F MC34004P 
TA75339F LM339D 
TA75339P LM339N 
TA75358CF LM358D 
TA75358CP LM358N 


SN75475JG MC1472U 

SN75475P MC1472P1 

SN76514L MC1496G 
SN76514N MC1496P 

SN76564N MC13010P 


TA75393F LM393D 
TA75393P LM393N 
TA75458F MC1458D 
TA75458P MC1458CP1 
TA75558P MC4558CP1 


SN76565N MC13010P 
SN76591P MC1391P 
SN76600P MC1350P 
SN76665N MC13010P 
SSS101AJ LM101AH 


TA7555F MC1455D 

TA7555P MC1455P1 

TA75902F LM324D 

TA76494P TL4941N 
TA78005AP MC7805CT 


SSS101AL LM101AH 
SSS107J MC 1741 
SSS107P MC1741 
SSS140BA-6Z MC1408L6 

SSS140BA-7Z MC1408L7 


TA78006AP MC7806CT 
TA78008AP MC7808CT 
TA78012AP MC7812CT 
TA78015AP MC7815CT 
TA78018AP MC7818CT 


SSS140BA-8Z MC1408L8 
$SS1458J MC1458G 
SSS150BA-8Z MC1508L8 
$SS1558J MC1558G 
$3$S201AJ LM201AH 


TA78024AP MC7824CT 

TA78LO05AP MC78LOS5ACP 
TA78LO05P MC78LO5CP 
TA78LO08AP MC78LO8ACP 
TA78LO08P MC78LO8CP 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-22 


CROSS REFERENCE — CONTINUED 


Part Number 


TA78L012AP 
TA78L012P 
TA78L015AP 
TA78L015P 
TA78L018AP 


TA78L018P 
TA78L024AP 
TA78L024P 
TA78M05P 
TA78MO8P 


TA78M12P 
TA78M18P 
TA78M20P 
TA78M24P 
TA78MO6P 


TA79005P 
TA79006P 
TA79008P 
TA79012P 
TA79015P 


TA79018P 
TA79024P 
TATSLOOSP 
TA79L012P 
TA79L015P 


TA79L018P 
TA79L024P 
TB920 
TBA1440 
TBA440 


TBA920S 
TCA5600 
TCFE6000 
TD62001P/AP 
TD62002P/AP 


TD62003P/AP 
TD62477P 
TD62479P 
TDA2540 
TDA2544 


TDA3190P 
TDA3301B 
TDA3303 
TDA4420 
TDA5600 


TDC1048 
TLO22CUG 
TLO22CL 
TLO22CP 
TLO22MJG 


Motorola 
Direct 


Replacement 


MC78MO5CT 
MC78MO8CT 


MC78M12CT 
MC78M18CT 
MC78M20CT 
MC78M24CT 
MG78MO6CT 


MC7905CT 
MC7906CT 
MC7908CT 
MC7912CT 
MC7915CT 


MC7918CT 
MC7924CT 


TCA5600 
TCF6000 
MC1411P 
MC1412P 


MC1413P 
MC1472P 
MC1374P 


TDA3190P 
TDA3301B 
TDA3303 


Motorola 
Similar 


Replacement 


MC78L12ACP 
MC78L12CP 
MC78L15ACP 
MG78L15CP 
MC78L18ACP 


MC78L18CP 
MC78L24ACP 
MC78L24CP 


MC79L05CP 
MC79L12P 
MC79L15P 


MC79L18P 
MC79L24P 
MC1391P 

MC13010P 
MC13010P 


MC1391P 


MC13010P 
MC13010P 


MC13010P 
MC13010P 


MC10319 
LM358J 
LM358H 
LM358N 
LM158J 


3-148 
3-148 
3-148 
3-148 


3-148 
3-148 
3-148 
3-154 
3-154 


3-154 
3-154 
3-154 
3-154 
3-154 


3-171 
3-171 
3-171 
3-171 
3-171 


3-171 
3-171 
3-180 
3-180 
3-180 


3-180 
3-180 

9-63 
9-103 
9-103 


9-63 
3-319 
10-27 

7-41 

7-41 


7-41 

7-45 

9-32 
9-103 
9-103 


9-166 
9-169 
9-169 
9-103 
9-103 


6-39 
2-76 


Part Number 


TLO22ML 
TLO44CJ 
TLO44MJ 
TLO61BCP 
TLO62BCP 


TLO64BCN 
TLO72BCD 
TLO72BCP 
TLO82BCP 
TLO84BCN 


TL497CJ 
TL497CN 
TL497MJ 
TL7805ACKC 
UC117K 


UC137K 
UC150K 
UC1525AJ 
UC1526J 
UC1527AJ 


UC217K 
UC237K 
UC250K 
UC2525AJ 
UC2526J 


UC2526N 
UC2527AJ 
UC317K 
UC317T 
UC337K 


UC337T 
UC350K 
UC3525AJ 
UC3525AN 
UC3526J 


UC3526N 
UC3527AJ 
UC3527AN 
UC494ACN 
UC494AJ 


UC494CN 
UC494J 
UDNS712M 
ULN2001AN 
ULN2002AJ 


ULN2002AN 
ULN2003AJ4 
ULN2003AJ 

ULN2003AN3 
ULN2003AN 


Motorola 
Direct 
Replacement 


MC7805ACT 
LM117K 


LM137K 
LM150K 
SG1525Ad 
SG1526J 
SG1527AJ 


LM217K 
LM237K 
LM250K 
SG2525Ad 
SG2526J 


SG2526N 
SG2527AJ 
LM317K 
LM317T 
LM337K 


LM337T 
LM350K 
SG3525AJ 
SG3525AN 
SG3526J 


SG3526N 
SG3527AJ 
$G3527AN 


MC1472P1 
MC1411P 
MC1412L 


MC1412P 
MC1413LDS 
MC1413L 

MC1413PDS 
MC1413P 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-23 


Motorola 
Similar 
Replacement 


LM158H 
LM324N 
LM124J 
MG33181P 
MC33182P 


MC33184N 
MC33282D 
MC33282P 
MC33282P 
MC33284P 


MC34063U 
MC34063P 1 
MC35063U 


TL594CN 
TLS94MJ 


TL494CN 
TL494MJ 


2-60 
2-333 
2-333 


2-333 
2-296 
2-296 
2-296 
2-296 


3-212 
3-212 
3-212 
3-135 
3-21 


3-43 
3-66 
3-304 
3-311 
3-304 


3-21 
3-43 
3-66 
3-304 
3-311 


3-311 
3-304 
3-21 
3-21 
3-43 


3-43 
3-66 
3-304 
3-304 
3-314 


3-314 

3-304 
3-304 
3-347 
3-347 


3-336 
3-336 
7-45 
7-41 
7-41 


7-44 
7-41 
7-41 
7-41 
7-41 


NOTE: All “Motorola Direct Replacement” devices which have part numbers identical to the “Part 
Number’ being searched for are not included in this Crass Reference table. Please refer to 
the Alphanumeric Index on pages 1-1 to 1-6. 


CROSS REFERENCE - CONTINUED 


Motorola Motorola Motorola Motorola 
Direct Similar Direct Similar 
Part Number Replacement Replacement Page Part Number Replacement Replacement 
ULN2004AUN4 MC1416LDS 7-41 wA08020C-3 MC1408L 
ULN2004AJ MC1416L 7-44 
: MC1508L 
ULN2004AN3 MC1416PDS 7-41 HA0802DM-1 
ULN2004AN MC1416P 7-44 {LA0802PC-1 Mc7408P 
ULN2139D MC1439G 2-109 LLA0802PC-2 MC1408P 
ULN2139G MC1439G 2-109 MC1408P 
PC- 
ULN2139H MC1439P2 2-109 PAMPER GS eisai 
ULN2139M MC1439P1 2-109 HA101AD 
ULN21510 MC1741CG 2-170 MA101AF LM101AJ 
ULN2151H MC1741CP1 2-170 wA101AH LM101AH 
ULN2151M MC1741CP1 2-170 
LM101AJ 
ULN2156D MC1456G 2-127 HA101D 
ULN2156G MC1456G 2-127 WA101F LM101AJ 
ULN2156H MC1456G 2-127 WAIO1H LM101AH 
ULN2156M MC1456G 2-127 WAtO7H MC1741 
ULN2157K MC1456G 2-127 ieee 
ULN2264A MC13010P 9-103 A108AD 1OBAJ 
ULN2741D MC1741CG 2-170 LLA108AF LM108AH 
ULN2747A MC1747CL 2-181 WA108AH LM108AH 
ULN8126A S$G3526N 3-311 
MA108D LM108J 
ULN8126R $G3526J 3-311 
ULQ8126A SG2526N 3-311 MA108H LM108H 
ULQ8126R SG3526J 3-311 LA109KM LM109K 
ULS2139D MC1539G 2-109 
LM117K 
ULS2139G MC1539G 2-109 HAT17KM 
A1391PC MC1391P 
ULS2139H MC1539L 2-109 
ULS2139M MC1439P1 2-109 [At 458CHC MC1458CG 
ULS2151D MC1741G 2-170 MC1458CP1 
ULS2151M MC1741CP1 2-170 eee Se ean 
ULS2156D MC1556G 2-127 HA1458CRC 
MA1458CTC MC1458CP1 
ULS2156G MC1556G 2-127 
ULS2156H MC1556G 2-127 MA1458E MC1458G 
ULS2156M MC1556G 2-127 Rcjesea 
ULS2157A MC1558U 2-133 HA1458HC 
ULS2157H MC1558U 2-133 (A1458P MC1458P 1 
LLA1458RC MC1458U 
ULS2157K MC1558G 2-133 
ULS8126R SG1526J 3-310 
MC1458P1 
ULX8161M MC34060P 3-188 HA1458TC 
UPC1373 MC3373P 9-73 }A1558E MC1558G 
UPD6950C MC 10319 6-39 MA1558HM MC1558G 
WA201AD LM201AJ 
UVC3101 MC10319 6-39 
XRO82CP TLOB2CP 2-374 
XR082M TLO82MJG 2-374 [A201 AF EMenieS 
XRO84CN TLOB4CJ 2-374 A201 AH LM201AH 
XROB2CN TLOB2CJG 2-374 (A201D LM201AJ 
LM201AJ 
XRO84CP TLO84CN 2-374 HA201F 
XRO84M TLOB4MJ 2-374 
XR3470A MC3470AP 7-109 HA201H LM201AH 
wA0802DC-1 MC1408L 6-15 1A207H MC1741C 
MA0802DC-2 MC1408L 6-15 MA208AD LM208AJ 


MOTOROLA LINEAR/INTERFACE DEVICES 


1-24 


CROSS REFERENCE — CONTINUED 


Part Number 


MA208AF 
LLA208AH 
LA208D 
A208H 


| WAzogkm 
A217UV 
A2240DC 
LA2240PC 


A301 AD 
A301 AH 
11301 AT 
LA3026HM 


A3045 
LLA3046DG 
LA3054DC 
UA3064PC 


JLA307T 
LA308AD 
A308AH 
LA308D 


LA308H 
LLA309KM 
WA311T 

A317KC 


MA317UC 
\1A3301P 
WA3302P 
ULA3303P 


UA3401P 
LA3403D 
UA3403P 
UA4136DC 


\1A4136DM 
UA4136PC 
A431 AWC 
WA4558HC 


LA4558HM 
LA4558TC 
WA494DC 
WA494DM 


Motorola 
Direct 


Replacement 


LM208AH 
LM208J 
LM208H 


LM209K 


LM301AH 
LM301AN 


MC3346P 
CA3054P 


LM307N 
LM308AJ 
LM308AH 
LM308J 


LM308H 
LM309K 
LM311N 
LM317K 


LM317T 

MC3301P 
MC3302P 
MC3303P 


MC3401P 
MC3403L 
MC3403P 


TL431CP 
MC4558CG 


MC4558G 
MC4558CP1 
TL494CJ 
TL494MJ 


Motorola 
Similar 


Replacement 


LM208AH 


LM217K 
MC1455U 
MC1455P1 


LM301 AJ 


CA3054 


MC3346P 


MC13010P 


MC4741CL 


MC4741L 
MC4741CP 


LA494PC 
LLASS5HC 
MA555TC 
MAS56DC 


LA5S56PC 
wA702DC 
LLA702DM 
LA702FM 


MA702HC 
tA702HM 
WA702MJ 
MA702ML 


LLA709AHM 
LLA709AMJG 
LLA709AML 

LLA709CJG 


LLA709CL 
A709CP 
LA709HC 
LA709HM 


LA709MJG 
MA709ML 
LLA709TC 
MA715DC 


A715DM 
MA715HC 
A715HM 
A723CF 


MA723CJ 
MA723CL 
MA723CN 
MA723DC 


A723DM 
[LA723F 

\LA723HG 
{LA723HM 


MA723MJ 
MA723ML 
MA723PC 
LLA725AHM 


Part Number 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


TL494CN 
MC1455G 
MC1455P1 
MC3456L 


MC3456P 


MC1733C 
MC1733 
MC1733 


MC1733C 
MC1733 
MC1733 
MC1733 


MC1709AG 
MC1709AU 
MC1709AG 
MC1709CU 


MC1709CG 
MC1709CP1 
MC1703CG 
MC1709G 


MC1709U 
MC1709G 
MC1709CP1 


MC1741SCU 


MC1741SU 
MC1741SCG 
MC1741SG 


MC1723CL 


MC1723CL 
MC1723CG 
MC1723CP 
MC1723CL 


MC1723L 
MC1723L 
MC1723CG 
MC1723G 


MC1723L 
MC1723G 
MC1723CP 


dif 


LM108AH 


MOTOROLA LINEAR/INTERFACE DEVICES 


“ 


1-25 


NOTE: All “Motorola Direct Replacement” devices which have part numbers identical to the “Part 
Number’ being searched for are not included in this Cross Reference table. Please refer to 
the Alphanumeric index on pages 1-1 to 1-6. 


CROSS REFERENCE ~ CONTINUED 


Motorola 


Motorola 


Motorola 


Motorola 


Direct Simiiar Direct Similar 

Part Number Replacement Replacement Part Number Replacement Replacement Page 
A725EHC LM308AH WA747MJ MC1747L 2-181 
WA725HC LM308AH MA747ML MC1747G 2-181 
HA725HM LM108AH LA747PC MC1747CP2 2-181 
MA733CU MC1733CL LA748AHM MC1748G 2-185 
MA733CL MC1733CG LA748CJG MC1748CU 2-185 
LA733CN MC1733CP WA748CL MC1748CG 2-185 
MA733DC MC1733CL LA748CP MC1748CP1 2-185 
HA733DM MC1733L LA748HC MC1748CG 2-185 
LA733FM MC1733F [A748HM MC1748G 2-185 
HA733HC MC1733CG LA748MJG MC1748U 2-185 
LA733HM MC1733G LLA748ML MC1748G 2-185 
LA733MJ MC1733L UA748TC MC1748CP1 2-185 
MA733ML MC1733G A757DC MC1350P 9-19 
H1A734DC LM311J A757DM MC1350P 9-19 
HA734DM LM311J A772 MC1741S 2-175 
[LA734HC LM311H LA775DC LM339J 2-66 
LA734HM LM311H [LA775DM LM339U 2-66 
HA740HC LF355H WA775PC LM339N 2-66 
[A741ADM MC1744L [A776DC MC1776CG 2-189 
LA741AHM MC1741G tA776DM MC1776G 2-189 
}1A741CJG MC1741CU A776HC MC1776CG 2-189 
WA741CL MC1741CG LLA776HM MC1776G 2-189 
MA741CP MC1741CP1 LLA776TC MC1776CP1 2-189 
LA741EHC MC1741G WA777CJG LM308AJ-8 2-49 
1A741HM MC1741G WA777CJ LM308AJ-8 2-49 
MA741MJG MC1741U MA777CL LM308AH 2-49 
HA741ML MC1741G WA777C0N LM308AN 2-49 
WA741RC MC1741CU WA777CP LM308AN 2-49 
MA741RM MC1741U \A777DC LM308Au-8 2-49 
HA742DC CA3059 A777HC LM308AH 2-49 
LA747ADM MC1747L LLA777MJG LM108AJ-8 2-49 
A747AHM MC1747G WA777MJ LM108AJ-8 2-49 
MA747CL MC1747CG HA777ML LM108AH 2-49 
LtA747CN MC1747CP2 LA777TC LM308AN 2-49 
[1A747DC MC1747CL LA7805CKC MC780SCT 3-135 
L1A747DM MC1747L A7805KC MC7805CK 3-135 
A747EDG MC1747CL \A7805KM MC7805K 
wA747EHC MC1747CG LA7805UC MC7805CT 
WA747HC MC1747CG LA7805UV MC7805BT 
}LA747HM MC1747G \LA7806CKC MC7808CT 
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CROSS REFERENCE — CONTINUED 


Part Number 


WA7806KC 
LLA7806KM 
LA7806UC 
LA7806UV 


[A7808CKC 
LLA7808KC 
LLA7808KM 
UA7808UC 


LA7808UV 
MA7812CKC 
[A7812KC 
LA7812KM 


\LA7812UC 
A781 2UV 
LA7815CKC 
LA7815KG 


LA7815KM 
LA7815UC 
A781 5UV 


\LA7818CKC 


\LA7818KC 
LLA7818KM 
LA7818UC 
\LA7818UV 


LA7824CKC 
UA7824KG 
UA7824KM 
WA7824UC 


LA7824UV 
LLA78GHM 
MA78GKC 

LA78GKM 


UA78GUIC 
LA78GUC 
LA78HOSKC 
LLA78LOSACJG 


MWA78LOSACLP 
LA78LOSAHC 
A7BLOSAWC 
MA78LO5CJG 


Motorola 
Direct 
Replacement 


MC7808CK 
MC7806K 

MC7806CT 
MC7806BT 


MC7808CT 
MC7808K 
MC7808K 
MC7808CT 


MC7808BT 
MC7812CT 
MC7812CK 
MC7812K 


MC7812CT 
MC7812BT 
MC7815CT 
MC7815CK 


MC7815K 

MC7815CT 
MC7815BT 
MC7818CT 


MC7818CK 
MC7818K 

MC7818CT 
MC7818BT 


MC7824CT 
MC7824CK 
MC7824K 

MC7824CT 


MC7824BT 


MC78LOSACP 
MC78LOSACG 


Motorola 
Similar 
Replacement 


LM117K 
LM117K 
LM117K 


LM317T 
LM317T 
MC7805CK 
MC78LO5ACG 


MC78LO5ACP 
MC78LO5CG 


Part Number 


MA7BLO5CLP 
LA78LOSHC 
LA78LO5WC 
LA78LO8ACJG 


A78LOBACLP 
LA78LO8AWC 
LA7BLOBCJG 
MA78LO8CLP 


LLA78L12ACJG 
LLA78L12ACLP 
[LA78L12AHC 
LLA78L12AWC 


HA78L12CJG 
MA78L12CLP 
MA78L12HC 

MA78L12WC 


LA78L15ACJG 
LA78L15ACLP 
A78L15AHC 
MLA78L15AWC 


MA78L15CJG 
MA78L15CLP 
A78L15HC 

LA78L15WC 


LA78L18AWC 
\LA78L24AHG 
MLA78L24AWC 
LLA78MOSCKC 


LA78M0SCKD 
LA78MO5CLA 
LLA78M05HC 
[LA78M05HM 


LA78MO5UC 
LA78M06CKG 
LLA78MO6CKD 
LA78MO6UC 


LLA78M08CKG 
MA78MO8CKD 
KA78MOBCLA 
LLA78MO8HG 


Motorola 
Direct 
Replacement 


MC78LO5CP 
MC78L05CG 


MC78LO8ACP 


MC78LO8CP 


MC78L12ACP 
MC78L12ACG 


MC78L12CP 
MC78L12CG 


MC78L15ACP 
MC78L15ACG 


MC78L15CP 
MC78L15CG 


MC78L24ACG 
MG78L24ACP 
MC78M05CT 


MC78M05CG 
MC78M05CG 


MC78M0SCT 
MC78MO6CT 
MC78MO6CT 


MC78MO8CT 


MC78M08CG 
MC78M08CG 
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Motorola 
Similar 
Replacement 


MC78LO5CP 
MC78LO08ACG 


MC78LO8ACP 
MC78LO9CG 


MC78L12ACG 


MC78L12ACP 


MC78L12CG 


MC78L12CP 


MC78L15ACG 


MC78L15ACP 


MC78L15CG 


MC78L15CP 


MC78L18ACP 


MC78MO5CT 


MC78M05CG 


MC78MO06CT 


MC78MO08CT 


CROSS REFERENCE -— CONTINUED 


NOTE: All “Motorola Direct Replacement” devices which have part numbers identical to the “Part 
Number" being searched for are not included in this Cross Reference table. Please reter to 
the Alphanumeric Index on pages 1-1 to 1-6. 


Part Number 


\tA78M08HM 
A78MO08UC 
LA78M12CKC 
[A78M12CKD 


LA78M12CLA 
LA78M1 2HC 
1A78M12HM 
LA78M12UC 


LLA78M15CKC 
LA78M15CKD 
LA78M15CLA 
MtA78M15HC 


LA78M15HM 
A78M15UC 
MA78M18HC 
[1A78M18HM 


A78M18UG 
LLA78M20CKC 
A78M20CKD 
LLA78M20UG 


MA78M24CKC 
WA78M24CKD 
WLA78M24UC 
LA78MGT2C 


WwA78MGU1C 
LA78MGUC 
[1A7905.2CKC 
LA7905CKC 


WLA7905KC 
[LA7905KM 
WA7905UC 
LA7906CKC 


MA7906UC 
MWA7908CKC 
LA7908KC 
[1A7912CKC 


[A791 2KC 
A7912KM 
{1A7912UC 
WA7915CKC 


Motorola 
Direct 
Replacement 


MC78M08CT 
MC78M12CT 


MC78M12CG 
MC78M12CG 


MC78M12CT 


MC78M15CT 


MC78M15CT 


MC78M15CT 
MC78M18CG 


MC78M18CT 
MC78M20CT 


MC78M20CT 


MC78M24CT 


MC78M24CT 


MC7905.2CT 
MC7905CT 


MC7905CK 


MC7905CT 
MC7906CT 


MC7906CT 
MC7908CT 
MC7908CT 
MC7912CT 


MC7912CK 


MC7912CT 
MC7915CT 


Motorola 
Similar 
Replacement 


MC78M08CG 


MC78M12CT 


MC78M12CG 


MC78M15CT 


MC78M15CG 


MC78M15CG 


MC78M18CG 


MC78M20CT 


MC78M24CT 


LM317T 


LM317T 
LM317MT 


MC7905CK 


MC7912CK 


Part Number 


A7915KC 
LLA7915KM 
A7915UC 
A7918CKC 


1A7918UC 
UA7924CKC 
LA7924UC 
LA796DC 


HA796DM 
LA796HC 
LA796HM 
LA798HC 


LA798HM 
LLA798RC 
LLA798RM 
pA798TC 


LA799HC 
LLA79SHM 
MA79LOSAWC 
LA79LO5HC 


HA79LOSWC 
A79L12AHC 
LA79L12AWC 
MA79L12HC 


A79L12WC 
WA79L15AHC 
LA79L15AWC 
MA79L15HC 


A79L15WC 

LLA79MO5AUC 
LLA79MOSCKC 
LA79MO6AUC 


MA7SMO6CKC 
MA79MO6UC 

LA79M08AUG 
LA79MO8CKC 


LA79M08UC 

{A79M12AUC 
BA79M12CKC 
LA79M18AUC 


Motorola 
Direct 
Replacement 


MC7915CK 


MC7915CT 
MC7918CT 


MC7918CT 
MC7924CT 
MC7924CT 
MC1496L 


MC1596L 
MC1496G 
MC1596G 
MC3458G 


MC3558G 
MC3458U 
MC3558U 
MC3458P1 


MC79LO5ACP 
MC79L05CG 


MC7SLO05CP 
MC79L12ACG 
MC79L12ACP 
MC79L12CG 


MC79L12CP 
MC79L15ACG 
MC79L15ACP 
MC79L15CG 


MC79L15CP 
MC79MOSCT 
MC79M05CT 


MC79M12CT 
MC79M12CT 
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Motorola 
Simitar 
Replacement 


MC7915CK 


MCt741G 
MC1741G 


MC7906CT 


MC7906CT 
MC7906CT 
MC7908CT 
MC7908CT 


MC7908CT 


MC7918CT 


CROSS REFERENCE — CONTINUED 


Motorola Motorola Motorola Motorola 
Direct Similar Direct Similar 
Part Number Replacement Reptacement Part Number Replacement Replacement 


WA79M18UC MC7918CT LLA79M24CKC MC7924CT 
MA79M24AUC MC7924CT LA79M24UC MC7924CT 
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Amplifiers 
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place. The enhanced performance of present day oper- Related Application Notes .......... 2-14 
ational amplifiers and comparators have come into 
being through innovative application of these technol- Data Sheets ........-cccccececccece 215 


agies, designs and processes. Some early designs, 
though of inferior performance by today’s standards, 
are still available but are rapidly giving way to the new, 
higher performance operational amplifier and compar- 
ator circuits. Motorola has pioneered in JFET inputs, 
low temperature coefficient input stages, Miller loop 
compensation, all NPN output stages, dual-doublet fre- 
quency compensation and analog “in-the-package” 
trimming of resistors to produce superior high perfor- 
mance operational amplifiers and comparators, oper- 
ating in many cases from a single supply, with low input 
offset, low noise, low power, high output swing, high 
slew rate and high gain-bandwidth product at reason- 
able cost to the customer. 

Present day operational amplifiers and comparators 
find application in all segments of society to include 
motor controls, instrumentation, aerospace, automo- 
tive, telecommunication, medical and consumer 
products. 


Amplifiers and 
Comparators 


Operational Amplifiers 


Motorola offers a broad line of bipolar operational 
amplifiers to meet a wide range of applications. From 
low-cost industry-standard types to high precision cir- 
cuits, the span encompasses a large range of perfor- 
mance capabilities. These linear integrated circuits are 
available as single, dual, and quad monolithic devices 


sentative or Distributor. 


Single Operational Amplifiers 


in a variety of temperature ranges and package styles. 
Most devices may be obtained in unencapsulated 
“chip” form as well. For price and delivery information 
on chips, please contact your Motorola Sales Repre- 


SR Supply 
(Ay=1) | Voltage 
Vips Vv 
Device Typ Min Max Description 


Package 
Suffix 


Noncompensated 
Commercial Temperature Range (0°C to + 70°C) 
LM301A General Purpose H, N/626, J/693 
LM308 Precision H, N/626 
LM308A Precision H, N/626 
MC 1439 High Slew Rate G/601, P1 
MC1709C General Purpose G/601, P1, U 


MC1748C General Purpose 


G/601, P1, U 
1 


General Purpose 
Precision 
Precision 


LM201A 
LM208 
LM208A 


0.075 | 2.0 
0.002 } 2.0 
0.002 | 0.5 


General Purpose 
Precision 
Precision 

High Slew Rate 

General Purpose 

High Performance 
MC1709 

General Purpose 


LM101A 
LM108 
LM108A 
MC1539 
MC1709 
MC1709A 


MC1748 
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H, N/626, J/693 
H, N/626, J/632, J-8 
H, N/626, J/632, J-8 


H, J/693 
H, J, J-8/693 
H, J, J-8/693 

G/601 

G/601, U 

G/601 


G/601, U 


—— 


Foi 


aay bl 
Supply 


BW SR 
lig Vio |TCyio | lio | Avot | (Ay=1) | (Ay=1)} Voltage 
BA mV | «VC nA |VimV| MHz Vips "7 Package 
Device L Max [Max Typ Max | Min Typ Typ Min Max Description Suffix 
Internally Compensated 
Commercial Temperature Range (0°C to + 70°C) 
fir351  |200pa| 10 | 10 |100pA] 25 | 4.0 13 +18] JFET Input N/626 
LF355 200 pA} 10 5.0 50 pA | 50 1.0 5.0 JFET Input H/601, J/693 
LF355B 100 pA! 5.0 5.0 20 pA | 50 2.5 5.0 JFET Input H/601, J/693 
LF356 200 pAj| 10 5.0 | 50pA]} 50 2.0 15 JFET Input H/601, J/693 
LF356B 100 pA} 5.0 5.0 | 20pA]| 50 5.0 12 JFET Input H/601, J/693 
LF357 200 pA} 10 5.0 | 50pA} 50 3.0 75 Wideband FET Input H/601, J/693 
LF357B 100 pA; 5.0 5.0 | 20pAj 50 20 50 JFET Input H/601, J/693 
LF441C 100 pA| 5.0 10 50 pA | 25 2.0 6.0 Low Power JFET Input N/626 
LM11C 100 pA} 0.6 2.0 10 pA ; 250 1.0 0.3 Precision H, N/626, J/632, 
J-8/693 
LM11CL 200 pA| 5.0 3.0 25 pA | 50 1.0 0.3 Precision H, N/626, J/632, 
J-8/693 
LM307 0.25 7.5 10 50 25 1.0 0.5 General Purpose N/626 
MC1436 0.04 10 12 10 70 1.0 2.0 High Voltage G/601, U 
MC1456 0.03 10 12 10 70 1.0 2.5 High Performance G/601, P1, U 
MC1733C 30 — _ 5.0 nA} 80 90 _— Differential Wideband G/601, L, P/646 
Video Amp 
MC1741C 0.5 6.0 15 200 20 1.0 0.5 General Purpose G/601, P1, U 
MC1741SC 0.5 6.0 15 200 20 1.0 10 High Slew Rate G/601, P1 
MC1776C 0.003 | 6.0 15 3.0 100 1.0 0.2 Power, Programmable G/601, P1, U 
MC3476 0.05 6.0 15 25 50 1.0 0.2 Low Cost G/601, P1, U 
pPower, Programmable 
MC34001 200 pA; 10 10 100 pA} 25 4.0 13 JFET Input G/601, P/626, U 
MC34001B | 200 pA! 5.0 10 100 pA| 50 4.0 13 JFET Input G/601, P/626, U 
MC34071 0.5 5.0 10 75 25 45 10 High Performance, P/626, U 
MC34071A |500 nA| 3.0 10 50 50 4.5 10 Single Supply P/626, U 
MC34080 200 pA! 1.0 10 100 pA| 25 16 55 Decompensated P/626, U 
MC34080A | 200 pA} 0.5 10 100 pA} 50 16 55 MC34081 for Ay=2 P/626, U 
MC34081 200 pA; 1.0 10 100 pA| 25 8.0 30 High Speed, JFET Input P/626, U 
MC34081A | 200 pA} 0.5 10 100 pA| 50 8.0 30 High Speed, JFET Input P/626, U 
MC34181 0.1 nA} 2.0 10 0.05 25 4.0 10 Low Power JFET Input P/626 
OP-27F 0.055 | 0.06 0.3 50 1000 8.0 2.8 Low Noise, Precision P/626 
OP-27G 0.08 0.1 0.4 75 700 8.0 2.8 Low Noise, Precision P/626 
TLO61AC {200 pA; 6.0 10 |100 pA; 4.0 2.0 6.0 Low Power JFET Input P/626 
TLO61C 200 pAj 15 10 200 pA; 4.0 2.0 6.0 Low Power JFET Input P/626 
TLO71AC 200 pA| 6.0 10 50 pA} 50 4.0 13 Low Noise, JFET Input P/626, JG 
TLO71C 200 pA| 10 10 50 pA | 25 4.0 13 Low Noise, JFET Input P/626, JG 
TLO81AC 200 pA; 6.0 10 100 pA; 50 4.0 13 JFET Input P/626, JG 
| TLO81C __{400 pA} 15 10 | 200 pAl 25 ‘fe 4.0 13 L. JFET Input P/626, JG = 


Industrial Temperature Range (-— 25°C to + 85°C) 


MC33071 
MC33071A |5 
MC33171 


MC33181 
TLO61V 


00 nA 


Low Noise, Precision 
Low Noise, Precision 


High Performance, 
Single Supply 
Low Power, Single 
Supply 


+18 | Low Power JFET Input 
+18 | Low Power JFET Input 
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P/626, U 
P/626, U 
P/626 


P/626 
P/626 


OPERATIONAL AMPLIFIERS (continued) 


Package 
Device Description Suffix 
Internally Compensated 
Military Temperature Range (—55°C to + 125°C) 
MC1536 0.02 5.0 10 3.0 100 1.0 2.0 15 | +40 High Voltage G/601, U 
MC1556 0.015 | 4.0 10 2.0 100 1.0 2.5 +3.0] +22 High Performance G/601, 693/U 
MC1733 0.2 — _— 3.0 pA} 90 90 _ +4.0| +8.0| Differential Wideband G/603, L 
Video Amp 
MC1741 0.5 5.0 15 200 50 1.0 0.5 +3.0} +22 General Purpose G/601, U 
MC1741S 0.5 5.0 15 200 50 1.0 10 +3.0] +22 High Slew Rate G/601, U 
MC1776 0.0075 | 5.0 15 3.0 200 1.0 0.2 *#1.2| +18 | wPower, Programmable G/601, L 
MC35001 100 pA| 10 10 |100 pA| 25 4.0 13 +5.0| +22 JFET Input G/601, U 
MC35001B }100 pA! 5.0 10 50 pA} 50 4.0 13 +5.0} +22 JFET Input G/601, U 
MC35071 0.5 5.0 10 75 25 45 10 +3.0} +44 High Performance, U 
MC35071A | 500 nA! 3.0 10 50 50 4.5 10 +3.0| +44 Single Supply U 
MC35080 200 pA! 1.0 10 100 pA| 25 16 55 +5.0} +22 Decompensated U 
MC35080A | 200 pA! 0.5 10 100 pA! 50 16 55 +5.0} +22 MC35081 for Ay22 U 
MC35081 200 pA} 1.0 10 100 pA} 25 8.0 30 +5.0] +22 | High Speed, JFET Input U 
MC35081A | 200 pA| 0.5 10 100 pA| 50 8.0 30 +5.0| +22 | High Speed, JFET Input U 
MC35171 0.1 4.5 10 20 50 1.8 2.1 +3.0] +44 Low Power, Single U 
Supply 
MC35181 0.1nA| 2.0 10 0.05 25 4.0 10 +2.5 | +181} Low Power JFET Input U 
OP-27B 0.055 | 0.06 0.3 50 1000 8.0 2.8 +4.0! +22 | Low Noise, Precision Z 
OP-27C 0.08 0.1 0.4 75 700 8.0 2.8 +4.0}] +22! Low Noise, Precision Z 
TLO61M 200 pA} 6.0 10 100 pA} 4.0 2.0 6.0 +2.5) +18 | Low Power JFET Input JG 
TLO81M 200 pA} 9.0 10 100 pA| 25 4.0 13 _{ =5.0 +18 JFET Input JG 
Dual Operational Amplifiers 
BW SR Supply | 
lip Vio | TCvio!| lo | Avot | (Av=1) | (Ay=1) | Voltage 
pA mV | hViC nA |VimV| MHz Vips Vv Package 
Max | Max | Typ { Max Min Typ Typ { Min Max | Description Suffix 
Noncompensated 
Commercial Temperature Range (0°C to + 70°C) 
| MC1437 | 1.5 7.5 10 [ 500 i 15 if 1.0 il 0.25 _{ #30 +18 Dual MC1709 L, P/646 | 
Military Temperature Range (—55°C to + 125°C) 
mcis37_| 05 | 5.0] 10 | 200 [| 2 | 10 | 025 [+30] =18 Dual MC1709 L 
Internally Compensated 
Commercial Temperature Range (0°C to + 70°C) 
7 —- + TF T 4 
LF353 200 pA| 10 10 100 pA| 25 4.0 13 +5.0! +18 JFET Input N/626 
LF442C 100 pA; 5.0 10 50 pA 25 2.0 6.0 +5.0} +18 | Low Power JFET Input N/626 
LM358 0.25 6.0 7.0 50 25 1.0 0.6 +15) £18 Single Supply H, N/626, J/693 
+3.0] +36 (Low Power 
Consumption) 
LM8&33 1.0 5.0 2.0 200 | 31.6 15 7.0 +2.5] +18 | Dual, Low Noise, Audio N/626 
MC1458 0.5 6.0 10 200 20 1.1 0.8 43.0 | +18 Dual MC1741 G/601, P1, U 
MC1458C 0.7 10 10 300 20 1.1 0.8 +3.0] +18] Dual General Purpose G/601, P1 
MC1458S 0.5 6.0 10 200 20 1.0 10 +3.0| +18 High Slew Rate G/601, P1, U 
MC1747C 0.5 6.0 10 200 25 1.0 0.5 +3.0} +18 Dual MC1741 G/603, L, P2 
MC3458 0.5 10 7.0 50 20 1.0 0.6 +1.5| +18 Split Supplies G/601, P1, U 
+3.0 | +36 Single Supply 
(Low Crossover 
a L | 8 | L = hs Distortion) 
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OPERATIONAL AMPLIFIERS (continued) 


[ | | sw | sr |. Supply | Ty 
he Vio |TCyio | ho | Avot | (Ay=1) | (Ay=1) | Voltage 
BA mV | nV/°C nA |VimV| MHz Vips Vv Package 
Device Max | Max | Typ Max | Min | Typ Typ Min Max Description Suffix 
Commercial Temperature Range (0°C to + 70°C) (continued) 
MC4558AC | 0.5 5.0 10 200 50 2.8 1.6 High Frequency P1 
MC4558C 0.5 6.0 10 200 20 2.8 1.6 High Frequency G/601, P1, U 
MC34002 100 pA| 10 10 100 pA} 25 4.0 13 JFET Input G/601, P/626, U 
MC34002B |100 pAj| 5.0 10 70 pA | 25 4.0 13 JFET input G/601, P/626, U 
MC34072 0.5 5.0 10 75 25 4.5 10 High Performance, P/626, U 
MC34072A |500 nA} 3.0 10 50 50 4.5 10 Single Supply P/626, U 
MC34082 {200 pA; 3.0 10 j100 pA) 25 8.0 30 High Speed, JFET Input P/626, U 
MC34082A | 200 pA| 1.0 10 |100 pA} 50 8.0 30 High Speed, JFET Input P/626, U 
MC34083 {200 pA} 3.0 10 |100 pA} 25 16 55 Decompensated P/626, U 
MC34083A | 200 pA} 1.0 10 |100 pA} 50 16 55 MC34082 for Ay=2 P/626, U 
MC34182 | 0.1 nA} 3.0 10 0.05 25 4.0 10 Low Power JFET Input P/626 
TLO62AC 200 pA} 6.0 10 }100 pA} 4.0 2.0 6.0 Low Power JFET input P/626 
TLO62C 200 pA} 15 10 |200 pA] 4.0 2.0 6.0 Low Power JFET Input P/626 
TLO72AC 200 pA| 6.0 10 50 pA; 50 4.0 13 Low Noise, JFET Input P/626, JG/693 
TLO72C 200 pA} 10 10 50 pA | 25 4.0 13 Low Noise, JFET Input P/626, JG/693 
TLO82AC | 200 pA} 6.0 10 |100 pA} 50 4.0 13 JFET Input P/626, JG/693 
| TLO82C 400 pA| 15 {i 10 [200 pA! 25 a 4.0 d: 13 JFET Input P/626, JG/693 _ 4 
Industrial Temperature Range (— 25°C to + 85°C) 
LM258 0.15 5.0 10 30 50 1.0 0.6 +15 18 Split or Single | H, N/626, J/693 | 
3.0| +36 Supply Op Amp | See 
Automotive Temperature Range (— 40°C to + 85°C) 
LM2904 7.0 50 Split or Single H, N/626, J/693 
+26 Supply Op Amp 
MC3358 5.0 8.0 75 20 +18 Split Supplies P1/626 
Single Supply 
MC33072 0.50 5.0 10 75 25 45 High Performance, P/626, U 
MC33072A {500 nA} 3.0 10 50 50 45 Single Supply P/626, U 
MC33077 1.0 1.0 2.0 180 150 37 Dual, Low Noise P/626 
MC33078 |750 nA| 2.0 2.0 150 | 31.6 16 Low Noise N/626 
MC33172 0.10 45 10 20 50 18 Low Power, Single P/626 
Supply 
MC33182 | 0.1 nA{ 3.0 10 0.05 25 4.0 Low Power JFET Input P/626 
MC33282 |100 pA|200uV) 5.0 | 50pA} 50 30 Low Input Offset JFET P/646 
TLO62V 200 pA| 6.0 10 [100 pAl 4.0 i 2.0 } | Low Power JFET Input { P/626 | 
Military Temperature Range {—55°C to + 125°C) 
LM158 0.15 5.0 | 10 ai 30 | 50 |. 1.0 0.6 +1.5 +18 | Spli i | “| 
: : . - 5] + plit Supplies H, J/693 
+3.01 +36 Single Supply 
(Low Power 
Consumption) 
MC1558 0.5 5.0 10 200 50 1.1 0.8 +3.0) +22 Dual MC1741 G/601, U 
MC1558S 0.5 5.0 10 200 50 1.0 10 +3.0} +22 High Slew Rate G/601, U 
MC1747 0.5 5.0 10 200 50 1.0 0.5 +3.0} +22 Dual MC1741 G/601, L 
MC3558 0.5 5.0 10 50 50 1.0 0.6 +15) +18 Split Supplies G/601, U 
+3.0] +36 Single Supply 
MC4558 0.5 5.0 10 200 50 2.8 1.6 +3.0] +22 High Frequency G/601, U 
MC35002 |100 pA| 10 10 {100 pA} 25 4.0 13 +5.0| +22 JFET Input G/601, U 
MC35002B {100 pA} 5.0 10 50 pA | 50 4.0 13 +5.0} +22 JFET Input G/601, U 
MC35072 0.5 5.0 10 75 25 4.5 10 +3.0} +44 High Performance, U 
MC35072A |500 nA| 3.0 10 50 50 4.5 10 +3.0] +44 Single Supply U 
MC35082 {200 pAj 3.0 10 |100 pA; 25 8.0 30 +5.0| +22 | High Speed, JFET Input U 
| MC35082A | 200 pA |_1.0 10 |100 pA} 50 8.0 30 +5.0| +22 | High Speed, JFET Input U _| 
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OPERATIONAL AMPLIFIERS (continued) 


‘| pw [sr Supply | 
ip | Vio | Tevio| lo | Avot | (Av=1) | (Ay=1) | Voltage 
BA mV | pViPC nA |VimV!} MHz Vips Vv Package 
Device L Max | Max! Typ Max | Min L Typ Typ Min Max ee Description Suffix | 
Military Temperature Range (—55°C to + 125°C) 
MC35083 {200 pA} 3.0 10 100 pA} 25 16 55 +5.0; +22 Decompensated U 
MC35083A | 200 pA! 1.0 10 100 pA} 50 16 55 +50) +22 MC35082 for Ay=2 U 
MC35172 0.1 4.5 10 20 50 1.8 2.1 +3.0} +44 Low Power, Single U 
Supply 
MC35182 10.1 nA} 3.0 10 0.05 25 4.0 10 +2,5} +18 | Low Power JFET Input U 
TLO62M 200 pAj| 6.0 10 1100 pA! 4.0 2.0 6.0 +2.5]) +18 | Low Power JFET Input JG 
TLO72M 200 pA| 6.0 10 50 pA | 35 4.0 13 +5.0| +18] Low Noise JFET Input JG 
TLO82M 200 pAy 6.0 {10 {100pA{ 25 {| 4.0 13 | 5.0; +18 L JFET Input JG 
Quad Operational Amplifiers 
r 5 is T —T 71 
BW SR Supply 
lig Vio }TCyio | to | Avot | (Ay=1) | (Ay=1) | Voltage 
BA mV | 2V/P°C nA jVimV| MHz Vis Vv Package 
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix | 
Internally Compensated 
Commercial Temperature Range (0°C to + 70°C) 
i a T Ts +7 = i Se] T 
LF347 200 pA| 10 10 100 pA| 25 i 4.0 13 +5.0} +18 JFET Input N/646 
LF347B 200 pA; 5.0 10 100 pA} 50 40 13 +5.0} +18 JFET Input N/646 
LF444C 100 pA} 10 10 50 pA | 25 2.0 6.0 +5.0] +18 | Low Power JFET Input N/646 
LM324 0.25 6.0 7.0 50 25 1.0 0.6 +1.5] +16 Low Power J/632, N/646 
+3.0} +32 Consumption 
LM348 0.2 6.0 _ 50 25 1.0 0.5 +3.0| +18 Quad MC1741 J/632, N/646 
MC3401/ 0.3 —_ —_ _ 1.0 5.0 0.6 +15) +18 Norton Input J/632, N/646 
LM33900 +3.0} +36 
MC3403 0.5 10 7.0 50 20 1.0 0.6 +15} +18 No Crossover L, P/646 
+3.0] +36 Distortion 
MC4741C 0.5 6.0 15 200 20 1.0 0:5 +3.0; +18 Quad MC1741 L, P/646 
MC34004 200 pA} 10 10 100 pA] 25 4.0 13 +50] +18 JFET Input L, P/646 
MC34004B | 200 pAj 5.0 10 100 pA} 50 4.0 13 +5.0! +18 JFET Input L, P/646 
MC34074 0.5 5.0 10 75 25 4.5 10 +3.0| +44 High Performance, L, P/646 
MC34074A |500 nA} 3.0 10 50 50 4.5 10 +3.0] +44 Single Supply L, P/646 
MC34084 200 pA| 12 10 100 pA| 25 8.0 30 +5.0] +22 | High Speed, JFET Input P/646 
MC34084A | 200 pA! 6.0 10 |100 pA} 50 8.0 30 | +5.0| +22 | High Speed, JFET input P/646 
MC34085 1200 pA| 12 10 |100 pA} 25 16 55 +5.0] +22 Decompensated P/646 
MC34085A | 200 pA} 6.0 10 100 pA} 50 16 55 +5.0] +22 MC34084 for Ay=2 P/646 
MC34184 0.1 nA} 10 10 0.05 25 4.0 10 +2.5) +18 | Low Power JFET Input P/646 
TLO64AC 200 pA; 6.0 10 100 pA; 4.0 2.0 6.0 +2.5] +18 | Low Power JFET Input N/646 
TLO64C 200 pA] 15 10 200 pA| 4.0 2.0 6.0 +2.5}) +18] Low Power JFET Input N/646 
TLO74AC 200 pA| 6.0 10 50 pA | 50 4.0 13 +5.0} +18 | Low Noise JFET Input J/632, N/646 
TLO74C 200 pA| 10 10 50 pA 25 4.0 13 +5.0} +18} Low Noise JFET Input J/632, N/646 
TLO84AC 6.0 10 50 4.0 +18 JFET Input J/632, N/646 
TLO84C 15 25 4.0 JFET Input J/632, N/646 


Split or Single 


Supply OP Amp 
Quad MC1741 


J/632, N/646 


J/632, N/646 


Automotive Temperature Range {— 40°C to + 85°C) 


in 7 _ ale i 


LM2902 


0.6 


+1.5] +13 
+3.0| +26 


Differential 
Low Power 
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J/632, N/646 | 


OPERATIONAL AMPLIFIERS (continued) 


—+— 
Supply 
Avol Voltage 
VimV| MHz Package 
Min Description Suffix 


P/646 
N/646 
P/646 


MC3301/ 
LM2900 
MC3303 0.5 


Norton Input 


+18 Differential 

+36 General Purpose 

+44 High Performance, 

Single Supply 

+44 | Quad High Performance 

+18 Quad Low Noise 

+44 Low Power, Single 
Supply 


MC33074 0.5 L, P/646 


MC33074A |500 nA| 3.0 10 50 
MC33079 |750nA| 2.5 2.0 
MC33174 0.1 4.5 10 


L, P/646 
N/646 
P/646 


MC33184 0.1nA| 10 +18) Low Power JFET Input P/646 
MC33274 |650 nA +18 High Performance P/626 
+18 | Low Input Offset JFET P/646 


MC33284 100 pA 
TLO6G4V 200 pA +18) Low Power JFET Input N/646 


CMOS, Low Power, L, P/646 
Drives Low-Ilmpedance 
Loads 
CMOS, Very Low Power L, P/646 


LM124 : : ; ‘ Low Power J/632, N/646 
Consumption 

LM148 é : : } Quad MC1741 J/632 

MC3503 ; . 3 : : : General Purpose L, P/646 

5 Low Power 

MC4741 : ; ; F Quad MC1741 

MC35004 : JFET Input 

MC35004B 3 . JFET Input 

MC35074 A ; ; High Performance, 
Single Supply 

MC35074A A : Quad High Performance 

MC35084 f High Speed, JFET Input 

MC35084A F : High Speed, JFET Input 

MC35085 Decompensated 

MC35085A : MC35084 for Ay=2 

MC35174 ; : : : Low Power, Single 

Supply 

MC35184 : Low Power JFET Input 

TLO64M f : : ; Low Power JFET Input 

TLO74M ; i Low Noise JFET Input 

TLO84M : : JFET Input 
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High Frequency Amplifiers 


A variety of high frequency circuits with features ranging 
from low cost simplicity to multi-function versatility marks 
Motorola's line of integrated amplifiers. Devices described 
here are intended for industrial and communications appli- 


AGC Amplifiers 


MC1590G Family — Wide-Band General Purpose 
Amplifiers 

The MC1590G, MC1490, MC1350 family are basic 
building blocks — AGC (Automatic Gain Controlled) RF/ 
Video Amplifiers. These parts are recommended for 
applications up through 70 MHz. The best high fre- 
quency performance may be obtained by using the 
physically smaller SOIC version (shorter leads) — 
MC1350D. There are currently no other RF IC’s like 
these, because other manufacturers have dropped their 
copies. Applications include variable gain video and 
instrumentation amplifiers, IF (intermediate Frequency) 
amplifiers for radio and TV receivers, and transmitter 
power output control. Many uses will be found in med- 
ical instrumentation, remote monitoring, video/graph- 
ics processing, and a variety of communications equip- 
ment. The family of parts using the same basic die 
(identical circuit with slightly different test parameters) 
is listed in the following table. 


MC1545/1445 — Gated 2-Channel Input 
Differential input and output amplifier with gated 2- 

channel input for a wide variety of switching purposes. 

Typical 50 MHz bandwidth makes it suitable for high 


High-Frequency Amplifier Specifications 


cations. For devices especially dedicated to consumer prod- 
ucts, i.e., TV and entertainment radio, see the “Consumer 
Electronics” section. 


frequency applications such as video switching, FSK 
circuits, multiplexers, etc. Gating circuit is useful for 
AGC control. 


Non-AGC Amplifiers 


SE/NE592 — Differential Two Stage Video 
Amplifier 

A monolithic, two stage differential output, wideband 
video amplifier. It offers fixed gains of 100 and 400 with- 
out external components and adjustable gains from 400 
to 0 with one external resistor. The input stage has been 
designed so that with the addition of a few external 
reactive elements between the gain select terminals, the 
circuit can function as a high pass, low pass, or band 
pass filter. This feature makes the circuit ideal for use 
as a video or pulse amplifier in communications, mag- 
netic memories, display and video recorder systems. 


MC1733/MC1733C — Video Amplifier 

Differential input and output amplifier provides three 
fixed gain options with bandwidth to 120 MHz. External 
resistor permits any gain setting from 10 to 400 V/V. 
Extremely fast rise time (2.5 ns typ} and propagation 
delay time (3.6 ns typ) makes this unit particularly useful! 
as pulse amplifier in tape, drum, or disc memory read 
applications. 


MC1733 _ MC1733C 


pease 
Operating Ay Bandwidth Vec/VEE 
Temperature Range dB @ MHz Vde 
—55° to +125°C | —40° to +85°C 0° to +70°C (Typ) Min Max jopachagerouny 
MC1590G 50 10 +6.0 +18 601 
35 100 
MC1350 50 45 +6.0 +18 626/P, 
|—— 50 45 fo 751/D 
Lo Mc1490 = 50 10 +6.0 +18 | 626/P 
35 100 =): 
MC1545 _ MC1445 : +12 632/L ~| 
_ NE592 + 603/H, 632/F 
646/N 


603/G, 632/L 
646/P 
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Miscellaneous Amplifiers 


devices range from low power CMOS programmable 


Motorola provides several bipolar and CMOS special amplifiers and comparators to variable-gain bipolar 
purpose amplifiers which fill specific needs. These power amplifiers. 
CMOS Bipolar 
MC14573: Quad Programmable Operational Amplifier »4¢3505/MC3405: Dual Operational Amplifier 
MC14574: Quad Programmable Comparator and Dual Comparator 


MC14575: Dual Programmable Operational 


: This device contains two Differential Input Opera- 
Amplifier and Dual Programmable c x 


tional Amplifiers and two Comparators each set capable 


Comparator of single supply operation. This operational amplifier- 

These low power devices are designed for applica- comparator circuit will find its applications as a general 

tions such as active filters, voltage reference circuits, purpose product for automotive circuits and as an in- 
function generators, oscillators, and limit set alarms. dustrial ‘‘building block.” 


Out? 
Output 4 


Inputs 4 Inputs 3 « 


Vss 
Vcc 


| Inputs 3 
inputs 2 
Output 3 


13} tser 3.4 Out 2 


Response Supply o5 ere 
us Package 
Typ Suffix 
Bipolar 
MC3505 5.0 rer 
3.0 to 36 +1.5to +18 
MC3405 | L632, P/646 | P/646 
CMOS 


MC14573 
MC14574 0.001 
MC14575 


*Propagation Delay 


It 


30 0.0001 1.0 


Power Amplifiers Variable Gain = 30 mae HHH 
=< 25 
MC1554G—T,a = -—55°to +125°C, Case 603C 3 fae an 
MC1454G—T, = 0° to +70°C, Case 603C on ae a TH er ear 
One-watt Power Amplifier for single or split supply 2 10 a Pout = VOW Bis 
operation. Typical voltage gain of 10, 18, or 33 V/V with 3 5° ct te “a je caey 
0.4% THD. 0 


10 10k 2.0k 50k 10k 100 k 10M 
f, FREQUENCY (Hz) 
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Comparators 


lip | Vio | lio Response| Supply Temperature 
BA mV pA on << pi Voltage Range Package 
Device Max | Max | Max | Typ | Min Vv Description (°C) Suffix 
Single 
BIPOLAR 
23 
LM111 0.1 3.0 | 0.01 |200k] 8.0 200 +15, —15 | With strobe, will operate —55 to +125 H, J-8 
LM211 0.1 3.0 0.01 |200k! 8.0 200 +15, -15 | from single supply —25 to +85 H, J-8 
LM311 0.25 { 7.5 | 0.05 |200k; 8.0 200 +15, -15 0 to +70 | H, N/626, J-8 
CMOS 
ia om oat 
MC14578 | 1.0 pA| 50 _— _ 1.1 +3.5 to +14] Requires only 10 nA from —30 to +70 D/751B, 
single-ended supply [_P/648 
Dual 
BIPOLAR 
i “Te at = T A 
LM193 01 | 5.0 | 0.025 |200k} 6.0 1300 +1.5 to Designed for single or split [- 55 to +125 H ] 
LM193A 0.1 2.0 | 0.025 | 200k; 6.0 1300 +18 or supply operation, input ~55 to +125 H 
LM293 0.25 5.0 0.05 |200k} 6.0 1300 +3.0 to +36] common mode includes —25 to +85 H 
LM293A 0.25 2.0 0.05 | 200k] 6.0 1300 ground (negative supply) —25 to +85 H 
LM393 0.25 | 5.0 | 0.05 |200k! 6.0 1300 Oto +70 H, N/626 
LM393A 0.25 | 2.0 | 0.05 | 200k; 6.0 1300 0to +70 H, N/626 
LM2903 0.25 | 7.0 | 0.05 |200k 6.0 | 1500 oie 40 to +85 N/626 _ |} 
MC3405 0.5 10 | 0.05 T200 k} 6.0 1300 +1.5 to This device contains two Oto +70 | L/632, P/646 
MC3505 0.5 5.0 | 0.05 | 200k] 6.0 1300 +7.5 or op amps and two ~55 to +125 L/632 
+3.0 to 15 | comparators in a single 
package 
CMOS 
MC14575 +1.5 to This device contains two —40 to +85 
+7.5 or op amps and two D/751B 
+3.0 to 15 } comparators in a single 
package 
Quad 
BIPOLAR 
LM139 0.1 5.0 | 0.025 | 200k} 6.0 1300 + 1.5 to | Designed for single or split }~—55 to +125 J 
LM139A 0.1 2.0 | 0.025 | 200k] 6.0 1300 +18 or supply operation, input -55 to +125 J 
LM239 0.25 | 5.0 | 0.05 ;200k/ 6.0 1300 +3.0 to +36] common mode includes -25 to +85 J, N/646 
LM239A 0.25 } 2.0 | 0.05 |200k]} 6.0 1300 ground (negative supply) —25 to +85 J, N/646 
LM339 0.25 | 5.0 | 0.05 |200k| 6.0 1300 0 to +70 J, N/646 
LM339A 0.25 | 2.0 | 0.05 |200k| 6.0 1300 Oto +70 J, N/646 
LM2901 0.25 | 7.0 | 0.05 |100k}| 6.0 1300 —40 to +85 N/646 
| MC3302 fe 0.5 aa 0.5 | 30k { 6.0 | 1300 L_ | —40 to +85 P/646 | 
MC3430 40 6.0 }1.0 Typ} 1.2k} 16 33 +5.0, —5.0 | High speed comparator/ Oto +70 L, P 
MC3431 40 10 |1.0 Typ] 1.2k} 16 33 +5.0, —5.0 | sense-amplifier 0 to +70 L, P 
MC3432 40 6.0 |1.0 Typ} 1.2k] 16 40 +5.0, —5.0 Oto +70 L, P 
| MC3433 40 {| 10 {1.0 Typ| 1.2k] 16 40 + 5.0, —5.0 | Oto + 70 | L,P | 
CMOS 
r T 7 
Mc14574 | 0.001 | 30 |0.0001| 20k | 3.0 | 10000 +1.5to Externally programmable | —40to +85]  P/648 
+7.5 or power dissipation with one D/751B 
Le i BY L ma +3.0 to + 15 | or two resistors I 
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AMPLIFIERS 


Operational Amplifiers 


Device 


LF347 
LF351 
LF353 
LF355,B 
LF356,B 
LF357,B 
LF411C 
LF412C 
LF441C 
LF442C 
LF444C 
LM11C,CL 
LM101A 
LM108,A 
LM124 
LM148 
LM158 
LM201A 
LM208,A 
LM224 
LM248 
LM258 
LM301A 
LM307 
LM308,A 
LM324,A 
LM348 
LM358 
LM833 
LM2900 
LM2902 
LM2904 
LM3900 
MC1436,C 
MC1437 
MC1439 
MC1456,C 
MC1458,C 
MC1458S 
MC1490P 
MC1536 
MC1537 
MC1539 
MC1556 
MC1558 
MC1558S 
MC1709,A,C 
MC1741,C 
MC1741S,SC 
MC1747,C 
MC1748,C 
MC1776,C 
MC3301 
MC3303 
MC3358 
MC3401 
MC3403 


Function 


Family of BIFET Operational Amplifiers 
Family of BIFET Operational Amplifiers 
Family of BIFET Operational Amplifiers 
Monolithic JFET Operational Amplifiers 
Monolithic JFET Operation Amplifiers ........... 0... cece eee te eee 
Monolithic JFET Operational Amplifiers 


Low Offset, Low Drift JFET Input Operational Amplifier .................-. 2-27 
Low Offset, Low Drift JFET Input Operational Amplifier................... 2-27 
Low Power JFET Input Operational Amplifier .......... 0.0.0. ceca eens 2-30 
Low Power JFET Input Operational Amplifier .......... 20... 0... eae eee 2-30 
Low Power JFET Input Operational Amplifier ............ 0... cece eee 2-30 
Precision Operational Amplifiers ......... 0.0. c cece cece teen eee 2-38 
General Purpose Adjustable Operational Amplifier ..................00005 2-45 
Precision Operational Amplifiers ........ 0.0.0.0 cece eet ee ete 2-49 
Quad Low Power Operational Amplifier ..... 0.0... 0... cc eee eee 2-60 
Quad MC1741 Operational Amplifier ........ 0.0... c cece eens 2-70 
Dual Low Power Operational Amplifier ......... 0.00: 2-76 
General Purpose Adjustable Operational Amplifier ..................0008- 2-45 
Precision Operational Amplifiers 0.0... 0.0... cece cece ees 2-49 
Quad Low Power Operational Amplifier ........... 0 ccc cece eee eee 2-60 
Quad MC1741 Operational Amplifier ......... 00... c cece eee 2-70 
Dual Low Power Operational Amplifier ...... 0.0.0.0... 0c cece eee eee tenes 2-76 
General Purpose Adjustable Operational Amplifier ........... 0.0.0.0 0 eee 2-45 
Internally Compensated Monolithic Operational Amplifier................. 2-87 
Precision Operational Amplifiers ......... 00.0 c ccc e ee eee eee 2-49 
Quad Low Power Operational Amplifiers 2.0.2... 00... ccc cee eee eee eee nee 2-60 
Quad MC1741 Operational Amplifier ...... 2.0.0.6 e cee ee eee 2-70 
Dual Low Power Operational Amplifier ...... 0.0... ccc cece eee eee 2-76 
Dual, Low Noise, Audio Operational Amplifier.......... 0.0... cee eee eee 2-91 
Quad Single Supply Operational Amplifier... 0.0.0.0... ccc eee eee 2-198 
Quad Low Power Operational Amplifier ..... 0.0.0... 00. c cece ee ees 2-60 
Dual Low Power Operational Amplifier ........ 0.0... c cece cece eee 2-76 
Quad Single Supply Operational Amplifier ..... 0.0.0... 6c cece eee 2-198 
High Voltage Operational Amplifiers ... 0.0... ccc cee eee 2-101 
Dual Operational Amplifier 2... 0.0.0... ccc cc cee tenets 2-105 
High Slew Rate Operational Amplifier ......... 0... 0 ccc ccc eee eee 2-109 
High Performance Operational Amplifiers ........ 0... c cece eee eee eee 2-127 
Dual Operational Amplifiers inci... cce ase ee eles See eee edo Mee ed ees 2-133 
High Slew Rate Dual Operational Amplifier ...... 0... 0... cee eee eee 2-138 
Wideband Amplifier with AGC 1.0.0... 0... ccc eee eens 2-144 
High Voltage Operational Amplifier ....... 0.0.0. cect eee 2-101 
Dual Operational Amplitier.« i se2c cise er se tela woe eee ms ceo ae 2-105 
High Slew Rate Operational Amplifier ............ ccc eee ee eee eee 2-109 
High Performance Operational Amplifier ....... 0.0.00 cece eee eee eee 2-127 
Low Noise Dual Operational Amplifier ....... 0... 0. cece eee eee eee 2-133 
High Slew Rate Dual Operational Amplifier 2.0... 0.0... cece eee 2-138 
General Purpose Operational Amplifiers ......... 0... 0.02 cc eee eee 2-158 
General Purpose Operational Amplifiers .......... 0.0... 0c cee eee eee eee 2-170 
High Slew Rate Operational Amplifiers ......... 0.0... cee eee ee eee 2-175 
Dual MC1741 Operational Amplifiers ... 0.0.0.0... 0. cee eee 2-181 
General Purpose Operational Amplifiers .......... 00. c cece eee eee 2-185 
Programmable Operational Amplifiers ..... 0.00... ccc cece ee eee eee 2-189 
Quad Operational Amplifier... 0.0.0.0... cece eee eet 2-198 
Quad Differential Input Operational Amplifier ............ 0... .. 0002s 2-208 
Dual Low Power Operational Amplifier .......... 2.00... 0. cee eee eee 2-230 
Quad Operational Amplifier... 0.0.0.0... 0.0: cece eee tenes 2-198 
Quad Differential Input Operational Amplifier .......................0055 2-208 
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AMPLIFIERS 


Operational Amplifiers (con't) 


Device 


MC3458 
MC3476 
MC3503 
MC3558 
MC4558,AC,C 
MC4741,C 
MC33071 
MC33072 
MC33074 
MC33077 
MC33078 
MC33079 
MC33171 
MC33172 
MC33174 
MC33178 
MC33179 
MC33181 
MC33182 
MC33184 
MC33272 
MC33274 
MC33282 
MC33284 
MC34001 
MC34002 
MC34004 
MC34071 
MC34072 
MC34074 
MC34080 


MC34081 
MC34082 
MC34083 


MC34084 
MC34085 


MC34181 
MC34182 
MC34184 
MC35001 
MC35002 
MC35004 
MC35071 
MC35072 
MC35074 
MC35080 


MC35081 
MC35082 
MC35083 


MC35084 
MC35085 


MC35171 
MC35172 


Function Page 
Dual Low Power Operational Amplifier .........0. 00.00 c cece eee 2-230 
Programmable Operational Amplifier .......... 0.0... ccc eee eee eee 2-236 
Quad Differential Input Operational Amplifier ............ 0.0.00. eee eee 2-208 
Dual Low Power Operational Amplifier .......0..0. 000.00. ccc ee eee eens 2-230 
Dual High Frequency Operational Amplifiers ......0..0..00.000 20 ccc 2-241 
Quad MC1741 Operational Amplifiers ......... 0.0... cc cece ee ee eens 2-245 
High Performance, Single Supply Operational Amplifier .................. 2-306 
Dual High Performance, Single Supply Operational Amplifier ............. 2-306 
Quad High Performance, Single Supply Operational Amplifier ............. 2-306 
Dual Low Noise Operational Amplifier ....... 0.0... 0. ccc eee eee eens 2-250 
Low Noise Operational Amplifier ......... 0.0000. c cece eee eens 2-261 
Low Noise Operational Amplifier .... 0.0.0.0... cece eect eee eee 2-261 
Low Power, Single Supply Operational Amplifier ...........0. 0. ce ee eee 2-270 
Dual Low Power, Single Supply Operational Amplifier.................0.. 2-270 
Quad Low Power, Single Supply Operational Amplifier ................00. 2-270 
High Output Current, Low Power Operational Amplifier ...............0.. 2-277 
High Output Current, Low Power Operational Amplifier ...............0.0. 2-277 
Low Power JFET Input Operational Amplifier ......... 0.0.0.0 c eee eee 2-333 
Low Power JFET Input Operational Amplifier ........... 0... 00.0 e aes 2-333 
Low Power JFET Input Operational Amplifier ......... 0.0.00. c cece eee 2-333 
High Performance Operational Amplifier ........... 00.000 cee eee eee eee 2-287 
High Performance Operational Amplifier ......... 00... 0 cece eee eee ees 2-287 
JFET. Operational Amplifier: oes 34 ccs skeen ak eas bwrbee wae wen Gees 2-296 
JFET Operational Amplifier io. 240 a sc e054 8 ee eee NUN ae SNe ale ees 2-296 
JFET Input Operational Amplifier ....... 0.0.0... ccc cee ee eee ee 2-299 
JFET Input Operational Amplifier ....... 0.0.0.0... ccc ee eee eee 2-299 
JFET Input Operational Amplifier ....... 0.0.0.0. ccc cee ee eee 2-299 
High Performance, Single Supply Operational Amplifier .................. 2-306 
Dual High Performance, Single Supply Operatidnal Amplifier ............. 2-306 
Quad High Performance, Single Supply Operational Amplifier ............. 2-306 
High Speed Decompensated (Ayc,. = 2) JFET Input Operational 

PUIDNTIO RS oleae ven nb ME ee ane Waelraae ow inde ate as ates Paes ae ona ea 2-322 
High Speed JFET Input Operational Amplifier ........... 0.0.0... cee eee ee 2-322 
Dual High Speed JFET Input Operational Amplifier ..................0005 2-322 
Dual High Speed Decompensated (Ayc_ = 2) JFET Input 

Operational Ampliien . 2 d.cce5 ses cack woacan iene eae a ek ge BAA eee 4 2-322 
Quad High Speed JFET Input Operational Amplifier ...................00. 2-322 
Quad High Speed Decompensated (Ayc_ = 2) JFET Input 

Operational Ariplitier 0c j00 o<faree kode de Sh ae ae ea A eae ie wee 2-322 
Low Power JFET Input Operational Amplifier ........0. 0.0... cece eee eee 2-333 
Low Power JFET Input Operational Amplifier ............... 00. cee aes 2-333 
Low Power JFET Input Operational Amplifier ....... 00... . 0... eee eee eee 2-333 
JFET Input Operational Amplifier .... 0.0.0.0... ccc ccc tenes 2-299 
JFET Input Operational Amplifier ............. 00.00 ccc cece eens 2-299 
JFET Input Operational Amplifier ........0.0 20.0.0... ee ene 2-299 
High Performance, Single Supply Operational Amplifier .................. 2-306 
Dual High Performance, Single Supply Operational Amplifier ............. 2-306 
Quad High Performance, Single Supply Operational Amplifier ............. 2-306 
High Speed Decompensated (Ayc_ = 2) JFET Input Operational 

AMplifier 35 eis a te fe a eae Riis ered a Git ok a elite ceteua ailet ee a taut cles ane 2-322 
High Speed JFET Input Operational Amplifier .........0...0. 00 cece eee 2-322 
Dual High Speed JFET Input Operational Amplifier ...................05. 2-322 
Dual High Speed Decompensated (Ayc, = 2) JFET Input 

Operational AMplitier 26 sscidac sie baw ikea ed Whee teas Stade does ous 2-322 
Quad High Speed JFET Input Operational Amplifier ...................0.5 2-322 
Quad High Speed Decompensated (Ayc, = 2) JFET Input 

Operational Amplitier ici Hows ek arin seA dies td thee a merntate 4 2-322 
Low Power, Single Supply Operational Amplifier .............. 00.000 eau 2-270 
Dual Low Power, Single Supply Operational Amplifier.................0.. 2-270 
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AMPLIFIERS 


High Frequency Amplifiers 


Device 


MC35174 
MC35181 
MC35182 
MC35184 
OP-27 
TLO61 
TLO62 
TLO64 
TLO71 
TLO72 
TLO74 
TLO81 
TLO82 
TLO84 
MC1350 
MC1445 
MC1490P 
MC1545 
MC1590G 
MC1733,C 
NE592 
SE592 


Function 


Quad Low Power, Single Supply Operational Amplifier 
Low Power JFET Input Operational Amplifier ............ 0.0.0.0 e eee 
Low Power JFET Input Operational Amplifier .......... 0... cece eee eee ee 
Low Power JFET Input Operational Amplifier .......... 00... . ccc eee ee 


Ultra Low Noise Precision, High Speed Operational Amplifier ............. 2-347 
Low Power JFET Input Operational Amplifier .......... 0.0.0... cece eee 2-359 
Low Power JFET Input Operational Amplifier .......... 00... cee eee eee 2-359 
Low Power JFET Input Operational Amplifier .......... 0.00... c eee 2-359 
Low Noise JFET Input Operational Amplifier .......... 0.0... cee eee eee 2-367 
Low Noise JFET Input Operational Amplifier ........... 0.0.0 see e ee eee 2-367 
Low Noise JFET Input Operational Amplifier ......... 00.0... cece eee 2-367 
JFET Input Operational Amplifier 2... 0.0.0.0... ce eae 2-374 
JFET Input Operational Amplifier... 0... 0.6... c ec eee ee 2-374 
JFET Input Operational Amplifier 0... 0.0.0... cee eee eee 2-374 
[EAM PUMICE occ ge ee a Oia ae ae wills gts BOONE we ald Weld wea a al ON See Chapter 9 
Wideband Amplifier ......0.0 0.0... te eee tenets 2-117 
Wideband Amplifier with AGC ...... 0.0... 0c eee eee 2-144 
Wideband Amplifier ........ 0.00. c cee teen ne teens 2-117 
Wideband Amplifier with AGC 2.0... 00... cc eee ene 2-150 
Differential Video Amplifiers ......... 0.0.0. cece ec eee eee teeta 2-162 
Video: Ampiner:: oy) teeni.2 anol? Se wed Came te Ge Kae en Ma A Re 2-342 
Video Amplifier 0. cca. cece cee PAs Naeeetove how seete wk eda eee aes 2-342 


Miscellaneous Amplifiers 


Device 


MC1454G 
MC1554G 
MC3405 
MC3505 
TCA0372 


Device 


LM111 
LM139,A 
LM193,A 
LM211 
LM239,A 
LM293,A 
LM311 
LM339,A 
LM393,A 
LM2901 
LM2903 
MC1414 
MC1514 
MC3302 
MC3405 
MC3430 
MC3431 
MC3432 
MC3433 
MC3505 


Function Page 
1-Watt. Power AMplnien -So5:5 ion! Sue ea cae bP roa s be ete aa TRAN eee eSG 2-123 
T-Watt. Power AMplifie? <cscc25n ies eta ides hee etd ae ees ta gee a ee 2-123 
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214 
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214 
Dual Power Operational Amplifier ........ 0.0... ce eee ee eee eee 2-356 
COMPARATORS 
Function Page 
High Performance Voltage Comparator ...... 0... ccc eee ene 2-54 
Quad Single Supply Comparators ...... 0.0... ccc eee eee 2-66 
Dital | COMPStatOrs: crs c.cedak an Sed tee tw keeles Doar Ae ede had ewes 2-82 
High Performance Voltage Comparator ....... 0.0... cece eee eee 2-54 
Quad Single Supply Comparators ........ 0.0. c cece eee nee 2-66 
Dual ‘Comparators: iii ecliaiils oat e eae wie NE aiaige eT EO ee ee RG Mead 2-82 
High Performance Voltage Comparator ..... 0.0... ccc cee eee ee 2-54 
Quad Single Supply Comparators si20es eins ee len Vea oes hea wes 2-66 
Duel Compal atorswy wiv out pee wieleare a kere See sae © % Stine Meme Re ea Ween a Oe 2-82 
Quad Single Supply Comparator ....... 0... 0c cece eee 2-66 
Dijal- Comparator. sce a. eis town ied weedy de ae att ea Sola eee Ra eee 2-82 
Dual Differential Voltage Comparator ........ 0... cece eee 2-97 
Dual Differential Voltage Comparator ......... 0.0 cece eee eee 2-97 
Quad Single Supply Comparator ....... 0... eee 2-66 
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214 
High Speed Quad Comparator ............ cece ccc cece teen cent eae nes 2-222 
High Speed Quad Comparator nck. ssc antes Wee ee 8 il wis oe are we aes 2-222 
High Speed Quad Comparator ........... ccc eee tenes 2-222 
High Speed Quad Comparator ....... 0... ccc cece ee teen teens 2-222 
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214 
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RELATED APPLICATION NOTES 


Application Related 
Note Title Device 
AN926, AR115 Techniques for Improving the Settling of a DAC and Op. LF357, MC34084, 
Amp. Combination ......... 0.00. c cece teens MC34085, MC34087 
AN273A Getting More Value Out of an Int. Op. Amp. Data Sheet ..... MC1439, 1539 
AN587, EB20 Analysis and Design of the Op. Amp. Current Source ....... MC1741 
EB57 An Economical FM Trans. Voice Proc. from a Single 
Integrated’ CiCUIE ¢-< iieose. Seine e awed Gee Sa nde hd oa ha we MC3401 
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MOTOROLA 


= SEMICONDUCTOR Soo 
TECHNICAL DATA 


FAMILY OF BIFET 


OPERATIONAL AMPLIFIERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


JFET INPUT OPERATIONAL AMPLIFIERS 


These low cost JFET input operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic inte- 
grated circuit. Each internally compensated operational amplifier 


has well matched high voltage JFET input devices for low input N SUFFIX 


offset voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset cur- 
rents, and supply currents. 


PLASTIC PACKAGE 
CASE 626 
(LF351, LF353 Only) 


These devices are available in single, dual and quad operational 
amplifiers which are pin-compatible with the industry standard 


MC1741, MC1458, and the MC3403/LM324 bipolar devices. D SUFFIX 
PLASTIC PACKAGE 
CASE 751 

(SO-8) 
@ Input Offset Voltage of 5.0 mV Max (LF347B) (LF351, LF353 Only) 


®@ Low Input Bias Current — 50 pA 
Offset Nuil 
Invt Input 
@ Low Input Noise Voltage — 16 nV/V Hz Noninvt Input LF351 


VEE Offset Null (Top View) 
e@ Wide Gain Bandwidth ~ 4.0 MHz 
Output AL 


inputs a { jOutputB LF3I53 
Inputs B (Top View) 


@ High Slew Rate - 13 V/us 


@ Low Supply Current -— 1.8 mA per Amplifier 


@ High Input Impedance - 1012 0 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646 
{LF347 Only) 


e@ High Common-Mode and Supply Voltage Rejection 
Ratios - 100 dB 


MAXIMUM RATINGS 


(Top View) 


ORDERING INFORMATION 


Function Device Package | 
[— : + a 
NOTES: Single LF351D SO-8 
: 7 ; baw : Single LF351N Plastic DIP 
1. Unless otherwise specified, the absolute maximum negative input voltage is — —t + 
limited to the negative power supply. Dual LF353D S0-8 
Dual ih LF353N Plastic DIP 
2. Any amplifier output can be shorted to ground indefinitely. However, if more ‘ + 
‘es ‘ ; ; ; : Quad LF347BN Plastic DIP 
than one amplifier output is shorted simultaneously, maximum junction temperature Quad LF347N Plastic DIP 
ratings may be exceeded. eae 
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LF347, LF351, LF353 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = 25°C unless otherwise noted). 


LF347B LF347, LF351, LF353 
Characteristic Symbol Min Type Max Min Typ Max Unit 
Input Offset Voltage (Rg < 10k, Vcm = 0) VIO mV 
Ta = +25°C _ 5.0 10 
o°c < Ta < +70°C — _— 13 
Average Temperature Coefficient of Input Offset AV\Q/AT _ 10 — pVviPC 
Voltage 
Rs <= 10k, °C < Ta = +70°C 
| Input Offset Current (Vcjy = 0, Note 3) ho 
Ta = +25°C me 25 100 pA 
orc < Ta < +70°C — _ 4.0 nA 
Input Bias Current (Vc = 0, Note 3) WB 
Ta = +25°C = 50 200 pA 
o°c < Ta < +70°C _ _ 8.0 nA 
Input Resistance rj _ | 112 [| — | 0] 
Common Mode Input Voltage Range VICR “11 +15 = Vv 
—12 
Large-Signal Voltage Gain (Vo = +10V, RL = 2.0k}] Avo VimV 
Ta = +25°C 50 100 _ 25 100 —_ 
OC < Ta < +70°C 25 _— _ 15 - — 
Output Voltage Swing (Ry = 10 k) #12 +14 ee +12 +14 _ Vv 
Common Mode Rejection Ratio (Rs < 10 k) _— 
Supply Voltage Rejection Ratio (Rg < 10 k) — 
Supply Current 
: 11 
: 3.4 
i 6.5 
Slew Rate (Ay = +1) _ 
Gain-Bandwidth Product 
Equivalent Input Noise Voitage 
(Rg = 100 2, f = 1000 Hz) 
Equivalent Input Noise Current (f = 1000 Hz) ‘ : 
Channel Separation (LF347, LF353) _ — 120 — — -—120 _— dB 
1.0 Hz < f < 20 kHz (Input Referred) 


For Typical Characteristic Performance Curves, refer to MC34001/34002/34004 data sheet. 


NOTES: (continued) 


3. Input bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature. To maintain junction temperatures as 
close to ambient as is possible, pulse techniques are utilized during test. 
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MOTOROLA LF355, LF356, 
= SEMICONDUCTOR yyy LF357*, LF355B, 


TECHNICAL DATA LF356B, LF357B* 


MONOLITHIC JFET 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 


MONOLITHIC JFET INPUT INTEGRATED CIRCUITS 


OPERATIONAL AMPLIFIERS 


These internally compensated operational amplifiers incorporate 
highly matched JFET devices on the same chip with standard 
bipolar transistors. The JFET devices enhance the input charac- 
teristics of these operational amplifiers by more than an order 
of magnitude over conventional amplifiers. 

This series of op amps combines the low current characteristics 
typical of FET amplifiers with the low initial offset voltage and 
offset voltage stability of bipolar amplifiers. Also, nulling the offset 
voltage does not degrade the drift or common mode rejection. 


H SUFFIX 
METAL PACKAGE 
CASE 601 


MN Offset Null 


Low Input Bias Current — 30 pA 
Low Input Offset Current — 3.0 pA 
Low Input Offset Voitage — 1.0 mV 


Temperature Compensation of Input Offset Voltage — 
3.0 pV/°C 

Low input Noise Current — 0.01 pA/A/Hz 

High Input Impedance — 1012Q 

High Common-Mode Rejection Ratio — 100 dB 

High DC Voitage Gain — 106 dB 


J SUFFIX 
CERAMIC PACKAGE 
CASE 693 


Offset Null 1 8 NC 
Invt input 2 7 Vec 
Noninvt input 3 6 Output 
Vee 4 5 Offset Null 


(Top View) 


SERIES FEATURES 


@ LF355/355B — Low Power Supply Current 
© LF356/356B — Wide Bandwidth 
@ LF357/357B — Wider Bandwidth Decompensated (Aymjin = 5) 


LF355/355B|LF356/356B]LF357/357B 
| 4.0us | 154s | 15ys | 
5.0 Vius | 12 V/us | 50 Vius 

| 2.5 MHz_|_ 5.0 MHz 


20 nV/VHz} 12 nV/VHz} 12 nV/VHz 


APPLICATIONS 


The LF series is suggested for all general 
purpose FET input amplifier requirements 
where precision and frequency response 
flexibility are of prime importance. 

Specific applications include: 


Sample and Hold Circuits 
ORDERING INFORMATION High Impedance Buffers 
Fast D/A and A/D Converters 
Precision High Speed Integrators 
Wideband, Low Noise, Low Drift Amplifiers 


Device Temperature Range Package 
LF355BH,H Metal Can 


LF355BJ J Ceramic DIP 
LF356H | Metal Can 
Oto +70°C , 
LF356BJ,J Ceramic DIP *NOTE: The LF357/367B are designed for wider 
LF357BH,H Metal Can bandwidth applications. They are decompensated 
LF357BJ,J Ceramic DIP (Avmin = 5). 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


MAXIMUM RATINGS 


Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply 
voltage. 


CIRCUIT SCHEMATIC 


Offset Null 
(eG) 
1 9 9 5 


| | 


2 
Inv. Input 

(+) 
3 of 
Non-Inv. 
Input 

J10 
10 pF* 
+ = 
*C1 = 5.0 pF on LF357. 


2.0 pF on LF357. 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


DC ELECTRICAL CHARACTERISTICS (Vcc = 15 to 20 V, Veg = —15 to —20 V for LF355B/356B/357B; Vcc = 15 V, VEE = 
— 15 V for LF355/356/357; Ta = 0°C to +70°C unless otherwise noted) 


, LF355B/6B/7B LF355/6/7 
Characteristic 
Voltage 


Input Offset Voltage (Rg = 509, Vcfy = 0) 
(Ta = 25°C) 
AVig/AT pvr 
(Rg = 50 9) 
Change in Average TC with Vig Adjust at Fae 
(Rg = 50 9) (Note 2) ieee Fae 


(Over Temperature) 
Input Offset Current (Vcj = 0) (Note 3) 
(Ty = 25°C) 
(Ty < 70°C) 
Input Bias Current (Vcpq = 0) (Note 3) 
(Ty = 25°C) 
(Ty < 70°C) 


[Input Resistance (Ty = 25%) fs S| | tot | ~ [| 082 


Large Signal Voitage Gain 

(Vo = +10V, RL = 2.0k, Vcc = 15 V, 

Vege = —15V) 

(Ta = 25°C) 
(o°C = Ta < +70°C) 
Output Voltage Swing 
(Vcc = 15 V, Veg = —15V, RL = 10 kM) 
(Vec = 15 V, Veg = -15V, RL = 2k) 


Input Common-Mode Voltage Range VICR +11 + 15.1 +10 +15.1 
(Vcc = 15 V, Veg = ~15V) nae era 


Common-Mode Rejection Ratio | CMRR_ | 


en eee ee ee 


Supply Current (Ta = 25°C, Vcc = 15 V, 
VEE = —15V} 
LF355B/355 
LF356B/357B 
LF356/357 


AC ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Veg = -15V, Ta = 25°C) 


LF355B/355 LF356B/356 LF357B/357 
Characteristic 


[ min | Typ | Max | Min | Typ | Max| Min | Typ | Max | 
Slew Rate (Note 5) 


(Ay = 1) LF355/356 
(Ay = 5) LF357 


Average Temperature Coefficient of Input Offset 


Equivalent Input Noise Voltage 
(Rg = 100 2, f = 100 Hz) 
(Rg = 100 9, f = 1000 Hz) 


Equivalent Input Noise Current 
(f = 100 Hz} 
(f = 1000 bad 


NOTES 

(1) Unless otherwise specified, the absolute maximum negative input tudes increasing or decreasing simultaneously, in accordance with 
voltage is equal to the negative power supply. common practice. 

(2) The temperature coefficient of the adjusted input offset voltage (5) The Min. slew rate limits apply for the LF356B and the LF357B, but 
changes only a small amount (0.5 nV/C typically) for each mV of do not apply for the LF356 or LF357. 
adjustment from its original unadjusted value. Common-mode re- {6) Settling time is defined here, for a unity gain inverter connection 
jection and open loop voitage gain are also unaffected by offset using 2.0 k resistors for the LF355/6. It is the time required for the 
adjustment. error voltage (the voltage at the inverting input pin on the amplifier) 

(3) The input bias currents approximately double for every 10°C rise in to settle to within 0.01% of its final value from the time a 10 V step 
junction temperature, Ty. Due to limited test time, the input bias input is applied to the inverter. For the LF357, Ay = —5.0, the feed- 
currents are correlated to junction temperature. Use of a heat sink back resistor from output to input is 2.0 k and the output step is 10 
is recommended if input bias current is to be kept to a minimum. V {see settling time test circuit). 


(4) Supply voltage rejection ratio is measured for both supply magni- 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-19 


{}g, INPUT BIAS CURRENT (pA) lig, INPUT BIAS CURRENT (pA) 


Ip, SUPPLY CURRENT (mA) 


LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL DC PERFORMANCE CHARACTERISTICS 
(Curves are for LF355, LF356, and LF357 series unless otherwise specified) 
INPUT BIAS CURRENT versus CASE TEMPERATURE 


FIGURE 1 — (LF355 SERIES) 


Peete 
Peer TT 


Vcc = 10 V,Veg=-10V 


-55 -25 5.0 35 65 70 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3 — INPUT BIAS CURRENT 
versus INPUT COMMON-MODE VOLTAGE 


Veco=t15V 
Veg=-15V 
Tae 25°C 
R, = 50k 


L LF356/7 
With Heat Sink 


- 10 -5.6 6 5.0 16 
Vic. COMMON-MODE INPUT VOLTAGE (VOLTS) 


11g. INPUT BIAS CURRENT (pA) 


Vg. OUTPUT VOLTAGE SWING (Vp-p} 


FIGURE 2 — (LF356 AND LF357 SERIES) 


“255-25 5.0 35 65 70 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4 — OUTPUT VOLTAGE SWING 
versus SUPPLY VOLTAGE (LF355B8/356B/357B) 


0 5.0 10 15 20 
Vec. Veg. SUPPLY VOLTAGE (: VOLTS) 


SUPPLY CURRENT versus SUPPLY VOLTAGE 


FIGURE 5 — (LF355 SERIES) 


0 6.0 10 15 18 20 25 


Vec. Veg. SUPPLY VOLTAGE (+ VOLTS) 


Ip, SUPPLY CURRENT (mA) 


FIGURE 6 — (LF356 AND LF357 SERIES) 


0 5.0 10 15 20 25 
Voc. Veg, SUPPLY VOLTAGE (VOLTS) 
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Vg. NEGATIVE OUTPUT VOLTAGE SWING (VOLTS) 


Vic. POSITIVE COMMON-MODE INPUT VOLTAGE (VOLTS) 


Avo. OPEN LOOP VOLTAGE GAIN (V/V) 


LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL DC PERFORMANCE CHARACTERISTICS (continued) 


FIGURE 7 — NEGATIVE CURRENT LIMIT 


0 “50-10-15 -20— -285 -30  -35 = -40 
Ising, OUTPUT SINK CURRENT (mA) 


FIGURE 9 — POSITIVE COMMON-MODE 
INPUT VOLTAGE LIMIT 


~ 5.0 10 15 20 
Vcc, POSITIVE SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 — OPEN LOOP VOLTAGE GAIN 


Voc. Veg. SUPPLY VOLTAGE (+ VOLTS) 


Vic, NEGATIVE COMMON-MODE INPUT VOLTAGE (VOLTS) Vo. POSITIVE OUTPUT VOLTAGE SWING (VOLTS) 


Vg, OUTPUT VOLTAGE SWING (Vp-p) 


FIGURE 8 — POSITIVE CURRENT LIMIT 


iginks OUTPUT SINK CURRENT (mA) 


FIGURE 10 — NEGATIVE COMMON-MODE 
INPUT VOLTAGE LIMIT 


-5.0 -10 -15 ~20 
Veg, NEGATIVE SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


0.1 1.0 10 100 
R_, OUTPUT LOAD RESISTANCE (kQ) 
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Vo, QUTPUT VOLTAGE SWING FROM 0 V (VOLTS) BW), GAIN-BANDWIDTH PRODUCT (MHz) 


SLEW RATE NORMALIZED TO 25°C 


LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL AC PERFORMANCE CHARACTERISTICS 


GAIN BANDWIDTH PRODUCT 


FIGURE 13 — (LF355 SERIES) 


K | 
LX 
| LN 


-§5 =-35 = -15 5.0 25 45 65 85 105 = 12 
Ty, AMBIENT TEMPERATURE (°C) 


BWp, GAIN-BANOWIDTH PRODUCT (MHz) 


FIGURE 14 — (LF356/357 SERIES) 


+ 
LF357 Curves Identical, 
But Multiplied by 4. 


Vec= 10V, Veg=-10V 
Vec= 15 V, Veg =-15V 


-55  -35  -18 6.0 25 45 65 = 85 1051285 
Tp, AMBIENT TEMPERATURE (°C) 


INVERTER SETTLING TIME 


FIGURE 15 — (LF355 SERIES) 


-10 
0.1 0.2 0.5 1.0 2.0 5.0 10 
ts, SETTLING TIME (ys) 


FIGURE 17 — NORMALIZED SLEW RATE 


Tp, AMBIENT TEMPERATURE (°C) 


Vp, OUTPUT VOLTAGE SWING FROM O V (VOLTS) 


Avot. OPEN LOOP VOLTAGE GAIN {dB) 


FIGURE 16 — (LF356 AND LF357 SERIES) 


tg, SETTLING TIME (us) 


FIGURE 18 — OPEN LOOP FREQUENCY RESPONSE 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL AC PERFORMANCE CHARACTERISTICS (continued) 


BODE PLOT OUTPUT IMPEDANCE 


FIGURE 19 — (LF355 SERIES) 
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FIGURE 20 — (LF356 SERIES) FIGURE 23 — (LF356 SERIES) 
100 SSE 
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FIGURE 21 — (LF357 SERIES) FIGURE 24 — (LF357 SERIES) 
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CMRR, COMMON-MODE REJECTION RATIO (dB) 


PSRR, SUPPLY VOLTAGE REJECTION RATIO (dB) 


en, EQUIVALENT INPUT NOISE VOLTAGE (nV//Hz) 


LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL AC PERFORMANCE CHARACTERISTICS (continued) 


FIGURE 25 — COMMON-MODE REJECTION RATIO 


Vg, OUTPUT VOLTAGE SWING (Vp_5) 


10 100 1k = 10k 100k = 1M 10M 
f, FREQUENCY (Hz) 
POWER SUPPLY VOLTAGE REJECTION RATIO 


FIGURE 27 — (LF355 SERIES) FIGURE 28 — (LF356 AND LF357 SERIES) 
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t 
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PSRR, SUPPLY VOLTAGE REJECTION RATIO (dB) 


10 100 1k 10k 100 k 1M 10M 
f, FREQUENCY (Hz) 


EQUIVALENT NOISE 
FIGURE 29 ~~ (LF355/356/357 SERIES) 


en, EQUIVALENT INPUT NOISE VOLTAGE (nV/V/Hz) 


f, FREQUENCY (Hz) 


FIGURE 26 — UNDISTORTED OUTPUT 
VOLTAGE SWING 


28 
Sa as oc 
l Vec=15V 
Vep=-16V¥ 
RL =2k 
Ay=1 
< 1% Dist. 


10k 100 k 1M 
f, FREQUENCY (Hz) 
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FIGURE 30 (EXPANDED SCALE) 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL CIRCUIT CONNECTIONS 


FIGURE 31 — DRIVING CAPACITIVE LOADS FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER 


5.0 k 10k 


*LF355/6 R 
LF357_ R 


Due to a unique output stage design these amplifiers have the 
ability to drive large capacitive loads and still maintain stability. 
CL(max) = 0-01 uF. 


Overshoot < 20% For distortion < 1% and a 20 Vp-p Vout 
Settling time (t,) = 5.0 us swing, power bandwidth is: 500 kHz. 
FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 34 — SETTLING TIME TEST CIRCUIT 
2.0k,0.1% 
Vcc 
Oo 


10 ae 
ty) 2k, 0.1% 


*400, 0.1% 


5.0 k, 0.1% 
*1.0k, 0.1% 


Summing 5 k, 0.1% 


VEE Node 


© 
2N4416 
© Settling time is tested with the LF355/6 


connected as unity gain inverter and LF357 
connected for Ay = -5 


© Vio is adjusted with a 25 k potentiometer 

The potentiometer wiper is connected to Vcc 

@ For potentiometers with temperature coefficient of 100 
ppm/°C or less the additional drift with adjust is ~ 0.5 uV/ 
°C/mvV of adjustment. 

@ Typical overall drift: 5.0 uV/°C +(0.5 uV/PC/mvV 
of adjustment.) 


Oscitloscope 


© FET used to isolate the probe capacitance 


© Output = 10 V step 
*Ay = —5 for LF357 


FIGURE 35 — NONINVERTING UNITY GAIN FIGURE 36 — INVERTING UNITY GAIN FOR LF357 
OPERATION FOR LF357 


R2 R2 
RIC > oan fi RIC > aan 
ee LF357 hns=4 L né LF357 ae 
t_3ap * 5 MHz : ‘ t_34g * 5 MHz 
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LF355, LF356, LF357, LF355B, LF356B, LF357B 


TYPICAL APPLICATIONS 


FIGURE 37 — WIDE BW, LOW NOISE, 
LOW DRIFT AMPLIFIER FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS 


C2 


R2 5.1k 


Vout 


tmax & 240 kHz 
10 V 


. + : Tone 
-2V 


Overshoot 6% 


ts = 10 us 
* Power BW: fmax = 2aVp men Ki @ When driving large C,_, the Vout slew rate is determined by CL 


and lout(max): 
@ Parasitic input capacitance {C1 = 3 pF for LF355, LF356, and LF357 plus any 


additional layout capacitance) interacts with feedback elements and creates un- AVout lout. 0.02 


desirable high frequency pole. To compensate add C2 such that: R2C2 = R1C1. At - CL = 05 V/s = 0.04 V/s (with CL shown) 
FIGURE 39 — 8-BIT D/A WITH OUTPUT CURRENT FIGURE 40 — PRECISION CURRENT MONITOR 
Vec TO VOLTAGE CONVERSION o 
a" 


LSB Vo = 5 R1/R2 (V/mMA of ig} 
@e Rt, R2, R3: 0.1% Resistors 


e@ Use LF355 for — 


4 Common-Mode Range to Supply Range 


Theoretical Vo 4 Low lig 
Vv 2 7 A8 

Vo = LE8ting) AL, AZ, AS, AA, AS, AE ATM] 4 Low Vio 
R14 2 4 8 16 32 64 128 256 a 


j i igi : i | e 
Adjust Vye¢, R14 or Ro so that Vo with all digital inputs at high Low Supply Current 


level is equal to 9.961 volts. 


2V 1 1 1 1 1 1 1 
Vo=T (SWS pet ee oe St FIGURE 42 — HIGH IMPEDANCE, LOW DRIFT 
- 10 [282)- 9.961 v sv o INSTRUMENTATION AMPLIFIER 


Al 


: 7 LF355 


FIGURE 41 — LONG INTERVAL RC TIMER 
O +15 V 


A3 
LM308A 


O Vout 


RS *Polycarbonate or 
Polystyrene Capacitor 


Time (t) = RACLn(VR/VR-Vj), Rg = Ra, R5 = 0.1 RE 
I = 1ts 
fR1= R2:t=0.693 R4C © Vout = R3/RIZRZ/R1 + 1) 
AV, Veg + 2 V < Vin common-mode = Voc 
© System Vic Adjusted via A2 Vig Adjust 
@ Trim R3 to Boost up CMRR to 120 dB 


Design Example: 100 Second Timer 
VR=10V C= 1 uF R3 = R4= 144M 
R6 = 20k R5=2k R1=R2=1k 


I 
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MOTOROLA 


# SEMICONDUCTOR Soy 
TECHNICAL DATA 


LOW OFFSET, LOW DRIFT JFET INPUT 
OPERATIONAL AMPLIFIER 


Through innovative design concepts and precision matching 
this monolithic high speed JFET input operational amplifier family 
offers very low input offset voltage as well as low temperature 
coefficient of input offset voltage. The amplifier requires less than 
3.4 mA per amplifier of supply current yet exhibits greater than 
2.7 MHz of gain bandwidth product and more than 8.0 V/us slew 
rate. Through the use of JFET inputs the amplifier has very low 
input bias currents and low input offset currents. The amplifier 
utilizes industry standard pinouts which afford the user the oppor- 
tunity to directly upgrade circuit performance without the need 
for redesign. 

The LF411C and LF412C are available in the industry standard 
plastic 8-pin DIP and SO-8 surface mount packages, and specified 
over the commercial temperature range. 
®@ Low Input Offset Voltage: 2.0 mV Max (Single) 

3.0 mV Max (Dual) 


Low T.C. of Input Offset Voltage: 10 nV/°C 
Low Input Offset Current: 20 pA 

Low Input Bias Current: 60 pA 

Low Input Noise Voltage: 18 nV/\ "Hz 

Low Input Noise Current: 0.01 pA/v'Hz 
Low Tota! Harmonic Distortion: 0.05% 
Low Supply Current: 2.5 mA 

High Input Resistance: 1012 © 

Wide Gain Bandwidth: 8.0 MHz 

High Slew Rate: 25 V/us (Typ) 

Fast Settling Time: 1.6 us (to within 0.01%) 


ORDERING INFORMATION 


Test Temperature 
Range 


O°C to +70°C 


Op Amp 
Function 


Device 


LF411CD 
LF411CN 


LF412CD 
LF412CN 


Package 
SO-8 


Single 


Plastic DIP 


$O-8 
Plastic DIP 


O°c to + 70°C 


Dual 
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LF411C 
LF412C 


SINGLE/DUAL JFET 
OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


1 
N SUFFIX 


PLASTIC PACKAGE 
CASE 626 


8 


& 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


LF411C 


Offset Null [1] 


[5] Offset Null 
Single, Top View 


LF412C 


(Dual, Top View) 


LF411C, LF412C 


MAXIMUM RATINGS 


= 
Rating | Symbol Value Unit 
Supply Voltages | Vcc. |VEE: +18 Volts | 
Input Differential Voltage Range (Note 1) VipR = 30 Volts 
Input Voltage Range (Note 1) | VIR +15 Volts | 
Output Short-Circuit Duration (Note 2) ts Indefinite Seconds 
+ 4 
Maximum Junction Temperature Ty + 150 Cc 
T + 
Operating Ambient Temperature Range Ta | 0 to 70 Cc 
allan as caine ies 
Thermal Resistance LF411CN:412CN Raja 
(Junction to Ambient) LF411CD/412CD 
—+ 
Storage Temperature 60 to ~ 150 
Maximum Power Dissipation (Note 2) 


NOTES: 
1. Input voltages should not exceed Vcc or VEE. 
2. Power dissipation must be considered to ensure maximum junction ternperature (Ty) is not 
exceeded. 
3. Measured with Vcc and Veg simultaneously varied. 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(Each Amplifier) 


hp shy 


cz ca Q1 
Q6 
-O 
vm mA og 
re iz Mor 
ee 


hye te Vf 


| 

| 

‘ sa | 

Offset | 

Null | 

LF411C i | 
© 


VEE 
only 


Output 
9 | Wek 


J3 


Q8 Q25 
Q7 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


O | Bias Circuitry | 
Common to All 
Amplifiers 
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LF411C, LF412C 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = -15V, Ta = 0°C to 70°C unless otherwise noted) 


Characteristics Symbol Min Typ Max Unit 
input Offset Voltage (Rg = 10 kQ, Vey = OV, Vo = OV) Vio! Ty mv 
LF411 _ 0.5 2.0 
LF412 — 1.0 3.0 
a Yao ra +t + 
Average Temperature Coefficient of Input Offset Voltage AViQ AT pViec 
(Rg = 10kQ, Voy = 0V, Vg = 0V) — 10 — 
T T aera —y 
Input Offset Current (VcM = OV, Vo = 0 V) No 
LF411 Ta = 25°C —_ 20 100 pA 
| Ta = O°C to 70°C — —_ 2.0 nA 
i LF412 Ta = 25°C _— 25 100 pA 
Ta = 0°C to 70°C — _— 2.0 nA 
Input Bias Current (Vc = 0 V) lip 
LF411 Ta = 25°C — 0.6 200 pA 
Ta = 0°C to 70°C — _ 4.0 nA 
LF412 Ta = 25°C _ 0.5 200 pA 
Ta = 0°C to 70°C { pot ass] —_ | 4.0 | nA 
Large Signal Voltage Gain (Vg = =10V,RL = 2.0 kQ2) AVOL V mV 
LF411 Ta = 25°C 25 80 = 
Ta = 0C to 70°C 15 _ — 
LF412 Ta = 25°C 25 150 _ 
| Ta = OCto70C : | 15 So tl se ot | 
Output Voltage Swing (Vip = =1.0V, RL = 10 kQ) V 
LF411 Vor 12 13.9 _ 
Vo- — -14.7 -12 
LF412 Vo+ 12 14 — 
Vo- —_ —14 -12 
t reas —T Sot 4 
Common Mode Input Voltage Range (Vg = 0 V} VICR Vv 
LF411 +1 +14 -11 
| _ -14 = 
LF412 +11 +15 -11 
Vase tae 2 , 12 a re 
Common Mode Rejection (VcM = =11V, Rg = 10 kf?) CMR dB 
LF411 70 90 — 
| FAIZ j 70 100 — 
Cie ie awe ae ee gee 
| Power Supply Rejection (Note 3) PSR dB 
(Vcc VEE = -15V -15Vto +5.0V -5.0 V) 
LF411 70 86 _— 
LFA12 70 100 _ 
| Power Supply Current (VQ = 0 V) Ip mA 
| LFA a 2.5 3.4 
LF412 | } — | 28 | 68 
[cous a Sa 
AC ELECTRICAL CHARACTERISTICS (Vcc = ~15V. Veg = -15V, Ta = 25°C unless otherwise noted) 
Characteristics Symbol TT min Typ Max | Unit 
- —4- 4+ ————} +—— 
Slew Rate (Vin - ~10Vto +10 V, RE = 2.0kQ, Ay = + 1.0) SR Vins 
LF411 8.0 25 _ 
LF412 8.0 13 — 
+ —+——_——— —+ 
Gain Bandwidth Product GBW MHz | 
LF441 2.7 8.0 _ 
LF412 2.7 4.0 _ 
ft — pe + 
Channel Separation (f = 1.0 Hz to 20 kHz, LF412) cS i _— - 120 — dB 
[ Differential Input Resistance (Vcpy = 0 V) Rin _ 1012 — | kg) 
Equivalent Input Voltage Noise (Rg = 100 2), f = 1.0 kHz) en nv.\ Hz 
LF411 _ 30 — 
L LF412 | SEnNar i ee aa + a 
Equivalent Input Noise Current (f = 1.0 kHz) in pA‘. Hz 
LF411 — 0.01 = 
LF412 _ 0.01 —_ | 
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MOTOROLA 
m= SEMICONDUCTOR cox 
TECHNICAL DATA 


LOW POWER JFET INPUT 
OPERATIONAL AMPLIFIER 


These JFET input operational amplifiers are designed for low 
power applications. They feature high input impedance, low input 
bias current and low input offset current. Advanced design tech- 
niques allow for higher slew rates, gain bandwidth products and 
output swing. The LF441C device provides for the external null 
adjustment of input offset voltage. 

These devices are specified over the commercial temperature 
range. All are available in plastic dual in-line and SOIC packages. 
@ Low Supply Current — 200 nA/Amplifier 
@ Low Input Bias Current — 5.0 pA 
@ High Gain Bandwidth — 2.0 MHz 
@ High Slew Rate — 6.0 V/us 
® High Input Impedance — 1012 0 
®@ Large Output Voltage Swing — +14 V 
© Output Short Circuit Protection 


ORDERING INFORMATION 


Op Amp Tested 
Function Temperature Range Package 


LF441CD $0-8 
LF441CN Plastic DIP 


SO-8 
Plastic DIP 
SO-14 
Plastic DIP 


0 to +70°C 


LF441C 


LF442C 
LF444C 


LOW POWER 
JFET INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


* ¢ 


N SUFFIX D SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 
CASE 626 CASE 751 


Offset Null £4 


(Dual, Top View) 


N SUFFIX D SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 
CASE 646 CASE 751A 

(SO-14) 


(Quad, Top View) 
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LF441C, LF442C, LF444C 


MAXIMUM RATINGS 


a 
output Shor-Cireuit Duration Note) | ts | indent | Seconds | 


NOTES: 
1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply or 15 volts, whichever is less. 
3. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not exceeded. (See Figure 1.) 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


*Null adjustment pins for 
LF441 only. 


5 1.5 kQ 
100 ka 


VEE 


LF441C input offset voltage 
null adjust circuit 
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LF441C, LF442C, LF444C 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15V, Ta = 0°C to +70°C, unless otherwise noted) 
Characteristic 
Input Offset Voltage (Rg = 10 kQ, Vo = 0 V) 
Single 
Ta = +25°C 
= 0°C to + 70°C 


= +25°C 
= 0° to +70°C 


= +25°C 
Ta = 0°C to +70°C 


Average Temperature Coefficient of Offset Voltage (Rg = 10kO,VOQ = OV) | AV(Q/AT Rete le AOie eee 


Input Offset Current (Vc = 0 V, Vo = 0 V) 
Ta = +25°C 
Ta = 0°C to +70°C 


Input Bias Current (Vcjyy.= 0 V, Vo = 0 V) 


Ta = +25°C 
Ta = 0°C to +70°C 


Common Mode Input Voltage Range (Ta = +25°C) 


Large Signal Voltage Gain (Vo = +10 V, RL = 10 kQ) 
Ta = +25°C 
Ta = 0°C to +70°C 


Output Voltage Swing (RL = 10 kQ) Vot+ +12 +14 
woe z 14] 12 
| Common Mode Rejection (Rg < 10kK®, Vem = Vic, Vo=0V) | = OV) ow [ef os 


Power Supply Rejection (Rg = 1009, Vcm = OV, Vo = 0V) 


Power Supply Current (No Load, Vo = 0 V) 
Single 
Dual 
Quad 


AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = ~15V,Ta = +25°C, unless otherwise ae 
Characteristic 
Slew Rate (Vin = —10 V to +10 V, Ri = 10k, CL = 10 pF, Ay = +1.0) 


Settling Time To within 10 mV 
(Ay = —1.0, RL = 10 kQ, Vo = OV to +10 V) To within 1.0 mV 


Gain Bandwidth Product (f = 200 kHz) 
Equivalent Input Noise Voltage (Rg = 100 9, f = 1.0 kHz) 


Equivalent Input Noise Current (f = 1.0 kHz) 


Input Resistance 
Channel Separation (f = 1.0 Hz to 20 kHz) 
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LF441C, LF442C, LF444C 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — MAXIMUM POWER DISSIPATION versus 
TEMPERATURE FOR PACKAGE VARIATIONS 
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ECE 
ae 


rT 8 & 14 PIN PLASTIC PKG. 


Pp, MAXIMUM POWER DISSIPATION (mW) 
s 
Ss 
a 
A 


-—55-40 -20 0 


20 
Ta, AMBIENT TEMPERATURE (°C) 


40 60 80 100 120 140 


FIGURE 3 — INPUT BIAS CURRENT versus TEMPERATURE 


l\g. INPUT BIAS CURRENT (nA) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — POSITIVE INPUT COMMON-MODE VOLTAGE 
RANGE versus POSITIVE SUPPLY VOLTAGE 


20 


Vicr, POSITIVE INPUT COMMON-MODE 
VOLTAGE RANGE (VOLTS) 


Vcc, POSITIVE SUPPLY VOLTAGE (VOLTS) 


FIGURE 2 — INPUT BIAS CURRENT 
versus INPUT COMMON-MODE VOLTAGE 


lig, INPUT BIAS CURRENT (pA) 


FIGURE 4 — SUPPLY CURRENT versus SUPPLY VOLTAGE 


Ip, SUPPLY CURRENT PER AMPLIFIER (,.A} 
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Vcc, |VeE|, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — NEGATIVE INPUT COMMON-MODE VOLTAGE 
RANGE versus NEGATIVE SUPPLY VOLTAGE 
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Vicr, NEGATIVE INPUT COMMON-MODE 
VOLTAGE RANGE (VOLTS) 


0 — 50 — 10 - 18 
Veg, NEGATIVE SUPPLY VOLTAGE (VOLTS) 
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Vo, OUTPUT VOLTAGE (VOLTS) 


LF441C, LF442C, LF444C 


FIGURE 7 — OUTPUT VOLTAGE versus OUTPUT SOURCE 
CURRENT 


1.0 2.0 3.0 0 5.0 6.0 
Jo, OUTPUT SOURCE CURRENT {mA) 


FIGURE 9 — OUTPUT VOLTAGE SWING 
versus SUPPLY VOLTAGE 


aed 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


Eu le 
Ee eae 


0 20 #42440 60 80 1 12 #&«;§4 16 
Vcc, |Veg!, SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 — NORMALIZED GAIN BANDWIDTH 
PRODUCT versus TEMPERATURE 


W, NORMALIZED GAIN BANDWIDTH PRODUCT 
Ayoy, OPEN-LOOP VOLTAGE GAIN (dB) 


GB 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — OUTPUT VOLTAGE versus OUTPUT SINK 
CURRENT 


Vo, OUTPUT VOLTAGE (VOLTS) 


4. 60 80 10 12 14 16 8618 ~=—0 
~1g, OUTPUT SINK CURRENT (mA) 


FIGURE 10 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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Vg, OUTPUT VOLTAGE SWING (Vp.p) 


FIGURE 12 — OPEN-LOOP VOLTAGE GAIN AND PHASE 
versus FREQUENCY 
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LF441C, LF442C, LF444C 


FIGURE 13 — SLEW RATE versus TEMPERATURE 


SR, SLEW RATE (V/s) 


Vec = +15V 
Vege = -15V 
RL = 10k 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 15 — OUTPUT VOLTAGE SWING versus FREQUENCY 
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f, FREQUENCY (Hz) 


FIGURE 17 — COMMON-MODE REJECTION 
versus FREQUENCY 


CMR = 20Log (Sou 
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CMR, COMMON-MODE REJECTION (dB) 
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FIGURE 14 — TOTAL OUTPUT DISTORTION versus 
FREQUENCY 


f, FREQUENCY (Hz) 


FIGURE 16 — OPEN-LOOP VOLTAGE GAIN 
versus FREQUENCY 


AyoL, OPEN-LOOP VOLTAGE GAIN (dB) 


f, FREQUENCY (Hz) 


FIGURE 18 — POWER SUPPLY REJECTION 
versus FREQUENCY 
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LF441C, LF442C, LF444C 


FIGURE 20 — OPEN-LOOP VOLTAGE GAIN 
FIGURE 19 — INPUT NOISE VOLTAGE versus FREQUENCY versus SUPPLY VOLTAGE 
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Rey oi 

CHa ea TTT 
Be 


Vec = +15V 


= 
on 
Oo 


\Zo|, OUTPUT IMPEDANCE (0) 
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Vo, OUTPUT VOLTAGE (50 mV/DIV) 


Vo, OUTPUT VOLTAGE (5.0 V/DIV) 


LF441C, LF442C, LF444C 


SMALL SIGNAL RESPONSE 


FIGURE 23 — INVERTING FIGURE 24 — NON-INVERTING 


Vo, OUTPUT VOLTAGE {50 mV/DIV) 


t, TIME (0.5 pxs/DIV) t, TIME (0.5 yxs/DIV) 


LARGE SIGNAL RESPONSE 


FIGURE 25 — INVERTING FIGURE 26 — NON-INVERTING 


Vo, OUTPUT VOLTAGE (5.0 V'DIV} 


t, TIME (2.0 s:DIV) t, TIME (2.0 jxs/DIV) 
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MOTOROLA 
= SEMICONDUCTOR xxx LM11C 
TECHNICAL DATA LM1 1CL 


PRECISION OPERATIONAL AMPLIFIERS | PRECISION 

OPERATIONAL AMPLIFIERS 

PAA ate et ica ean Mae SILICON MONOLITHIC 

: : : ‘ : ‘ INTEGRATED CIRCUIT 
Implementation of super gain transistors allows reduction of input 
bias currents by an order of magnitude over earlier devices such 
as the LM108A. Offset voltage and drift have also been reduced. 
Although bandwidth and slew rate are not as great as FET devices, 
input offset voltage, drift and bias current are inherently lower, 
particularly over temperature. Power consumption is also much 
lower, eliminating warm-up stabilization time in critical 


applications. 

Offset balancing is provided, with the range determined by an 1 
external low resistance potentiometer. Compensation is provided N SUFFIX J-8 SUFFIX 
internally, but external compensation can be added for improved PLASTIC PACKAGE CERAMIC PACKAGE 
stability when driving capacitive loads. CASE 626 CASE 693 


The precision characteristics of the LM11C make this device 
ideal for applications such as charge integrators, analog memo- 
ries, electrometers, active filters, light meters and logarithmic 


amplifiers. 
@ Low Input Offset Voltage: 100 nV aa view) 
@ Low Input Bias Current: 17 pA 
H SUFFIX 
® Low Input Offset Current: 0.5 pA METAL CAN 
@ Low Input Offset Voltage Drift: 1.0 wV/°C CASE 601 
© Long-Term Stability: 10 wV/year micas ote PO NEE 
@ High Common Mode Rejection: 130 dB 


Compensation 


(Top View) 
MAXIMUM RATINGS 
L Rating Symbol 
Power Supply Voltage Vcc to Veg 
Differential Input Current (Note 1) lip 7 
Output Short-Circuit Duration (Note 2) ts : 
——— J SUFFIX 
Power Dissipation {Note 3) Pp CERAMIC PACKAGE 
I So 
Operating Junction Temperature Ty CASE 632 
Storage Temperature Range Tstg 
Metal and Ceramic Packages —65 to +150 
Plastic Package —55 to +125 


ORDERING INFORMATION 


Operating Ambient 
L Device | Temperature Range of Package 
LM11CLN, CN Plastic 8-Pin DIP tron View! 
LM11CLJ-8, CJ-8 Oto +70°C lites Ceramic 8-Pin DIP *Unused pin (no internal connection) to allow 
LM11CLJ, CJ Ceramic 14-Pin DIP for input anti-leakage guard ring on printed 
TiMiicLHcH.”~«~«~«~* - Metal C circuit board layout. 
‘ etal Can 
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LM11C, LM11CL 


ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted [Note 4]) 


[ LM11C LM11CL 
Characteristics Symbol Unit 
Input Offset Voltage mV 
Tow to Thigh 
Input Offset Current ho Fe pA 
Ttow to Thigh 
Input Bias Current lip 
Tow to Thigh 
Input Resistance tj 
Input Offset Voltage Drift AVIQ/AT —_ 
Tow to Thigh 
Input Offset Current Drift Alig/AT — ee ae ad) 
Tow to Thigh 
Input Bias Current Drift Aljp/AT —_— 1.4 eed pA/°C 
Tow to Thigh 
Large Signal Voltage Gain AVOL VimV 
Vg = +15V, Vout = +12V, 100 
lout = £2.0 mA 
Tiow to Thigh (Note 5) 50 
Vs = +15V, Vout = £12 V, : 250 
lout = +0.5 mA 
Tlow to Thigh 100 
Common Mode Rejection Ratio dB 
Vg = +15V, -13 V<VoMs14 V 110 
Vs = +15V, -12.5 V<Vcms14 V, 
Tiow to Thigh 100 
Power Supply Rejection Ratio PSRR pe dB 
+2.5 V<Vg<+20V 100 
Tlow to Thigh 96 
Power Supply Current Ip = mA 
Tow to Thigh 
Output Short-Circuit Current Pe mA 
Ty = 150°C, Output Shorted to Ground 
NOTES: 


1. The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow if the input differential voltage is in 
excess of 1.0 V if no limiting resistance is used. Additionally, a 2.0 k{) resistance in each input is suggested to prevent possible !atch-up 
initiated by supply reversals. 

2. The output is current limited when shorted to ground or any voltages less than the supplies. Continuous overloads will require package 

dissipation to be considered and heatsinking should be provided when necessary. 

. Devices must be derated based on package thermal resistance (see package outline dimensions). 

4. These specifications apply for Veg + 2.0V<VcmsVcc — 1.0 V (Vege + 2.5 V<Vcom=Vecc ~ 1.0 V for Tiow to Thigh) and +2.5V<Vg< +20 V 
Tlow to Thigh: 0°C<Ty< + 70°C for LM11C and LM11CL 

5. Vout = *11.5 V, all other conditions unchanged. 


w 
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1B. INPUT BIAS CURRENT (pA) 


LM11C, LM11CL 


SCHEMATIC DIAGRAM 
Balance Compensation 
O 


FIGURE 1 — INPUT BIAS CURRENT FIGURE 2 — INPUT OFFSET CURRENT 
versus CASE TEMPERATURE versus CASE TEMPERATURE 


Curve 1, Voc/VeE = +20 V 
2, Voc/VEE = +2.5V 


lio, INPUT OFFSET CURRENT (pA) 


-50 -25 0 25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
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TcVio, TEMPERATURE COEFFICIENT OF 
INPUT OFFSET VOLTAGE (uV/°C) 


COMMON-MODE LIMITS (V) 


LM11C, LM11CL 


FIGURE 3 — TEMPERATURE COEFFICIENT OF 
INPUT OFFSET VOLTAGE versus INPUT OFFSET VOLTAGE FIGURE 4 — SPECTRAL NOISE DENSITY 


Hz) 


INPUT NOISE (nV/ 


~6.0 -40 -2.0 0 2.0 4.0 6.0 
Vig, INPUT OFFSET VOLTAGE (mV) @ 25°C t, FREQUENCY (Hz) 
FIGURE 5 — COMMON-MODE LIMITS FIGURE 6 — COMMON-MODE REJECTION AND 
versus TEMPERATURE SLEW LIMIT versus FREQUENCY 


T 
Vcc A Positive 


o 


™ CMSL, COMMON-MODE SLEW LIMIT (Vp-p) 


V=Vg=20V 
=10 pV 


eo 
= 


CMRR, COMMON-MODE REJECTION RATIO (dB) 


0 0.0 
1.0 10 100 1.0k 10 k 100k = 1.0M 
T, TEMPERATURE (°C) {, FREQUENCY (Hz) 
FIGURE 7 — OPEN LOOP VOLTAGE GAIN FIGURE 8 — OUTPUT SATURATION 
versus SUPPLY VOLTAGE versus LOAD CURRENT 
140 [ a] 
+ | | [ 1<0.1 Hz 
Vsat =1 5 Vv 
130 4 {4 RL >= 2Vg(kQ) —+— 


AvoL. OPEN LOOP VOLTAGE GAIN (dB) 


—55°C =Tcase = 125°C 
+2.5VEVS<+15V 

AViO =10 uV 
AViO = 20 wV (125°C) 


110 


Vsat, QUTPUT SATURATION VOLTAGE (V) 


0 4.0 8.0 12 16 20 0 1.0 2.0 3.0 4.0 
Vcec/Vee, SUPPLY VOLTAGE (+ V) iL. LOAD CURRENT (mA) 
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LM11C, LM11CL 


FIGURE 9 — POWER SUPPLY REJECTION RATIO FIGURE 10 — SUPPLY CURRENT versus 
versus FREQUENCY SUPPLY VOLTAGE 


Ip, SUPPLY CURRENT ( #A) 


Ree eeE eRe 


PSRR, POWER SUPPLY REJECTION RATIO (dB) 
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a 
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10 100 1.0k 10 k 100 k 10M 10M 
1, FREQUENCY (Hz) Voc/VEE, SUPPLY VOLTAGE ( + V) 
FIGURE 11 — OPEN LOOP VOLTAGE GAIN AND PHASE FIGURE 12 — SLEW RATE versus 
versus FREQUENCY EXTERNAL COMPENSATION CAPACITOR 


Curves 1, Cc =0 
2, Cc =1000 pF 
VooVEE = +15 V 


AvoL, VOLTAGE GAIN (dB) 
@. PHASE (DEGREES) 
SR, SLEW RATE (mV/us) 


0.1 1.0 10 100 1.0 k 10 k 100 k 1.0M 
f, FREQUENCY (Hz) Cc, EXTERNAL COMPENSATION CAPACITOR (pF) 
FIGURE 13 — CLOSED LOOP OUTPUT IMPEDANCE 


versus FREQUENCY 
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LM11C, LM11CL 


APPLICATIONS INFORMATION 


Due to the extremely low input bias currents of this 
device, it may be tempting to remove the bias current 
compensation resistor normally associated with a sum- 
ming amplifier configuration. Direct connection of the 
inputs to a low impedance source or ground should be 
avoided when supply voltages greater than approxi- 
mately 3.0 volts are used. The potential problem 
involves reversal of one supply which can cause exces- 
sive current to flow in the second supply. Possible 
destruction of the IC could result if the second supply 
is not current limited to approximately 100 mA or if 
bypass capacitors greater than 1.0 »F are used in the 
supply bus. 

Disconnecting one supply will generally cause rever- 
sal due to loading of the other supply within the IC and 
in external circuitry. Although the problem can usually 
be avoided by placing clamp diodes across the power 
supplies of each printed circuit board, a careful design 
will include sufficient resistance in the input leads to 

‘limit the current to 10 mA if the input leads are pulled 
to either supply by internal currents. This precaution is 
not limited to only the LM11C. 

The LM11C is capable of resolving picoampere level 
signals. Leakage currents external to the IC can severely 
impair the performance of the device. It is important 
that high quality insulating materials such as teflon be 
employed. Proper cleaning to remove fluxes and other 
residues from printed circuit boards, sockets and the 
device package are necessary to minimize surface 
leakage. 

When operating in high humidity environments or 
temperatures near O°C, a surface coating is suggested 
to set up a moisture barrier. 

Leakage effects on printed circuit boards can be 
reduced by encircling the inputs (both sides of p.c. 
board) with a conductive guard ring connected to a low 
impedance potential nearly the same as that of the 
inputs. 

The suggested printed circuit board layout for input 
guarding is shown in Figure 14. Guard ring electrical 
connections for common operational amplifier config- 
urations are illustrated in Figure 15. For critical appli- 


cations, a 14-pin dual in-line package is available with 
guard pins (internally unconnected) adjacent to the 
inputs for minimal package leakage effects. 

Electrostatic shielding is suggested in high-imped- 
ance circuits. 

Error voltages in external circuitry can be generated 
by thermocouple effects. Dissimilar metals along with 
temperature gradients can set up an error voltage rang- 
ing in the hundreds of microvolts. Some of the best 
thermocouples are junctions of dissimilar metals made 
up of IC package pins and printed circuit boards. Prob- 
lems can be avoided by keeping low level circuitry away 
from heat generating elements. 

The LM11C is internally compensated, but external 
compensation can be added to improve stability, par- 
ticularly when driving capacitive loads. 


FIGURE 14 — SUGGESTED PRINTED 
CIRCUIT BOARD LAYOUT FOR INPUT GUARDING 
USING METAL PACKAGED DEVICE 


Balance 


Vec wD 
NE7 
mr, 7 ie 


6 


Output 


Compensation @ 5 


{Bottom View) 


The above guard ring, required on both sides of the 
board, is connected to a low impedance point of the 
same potential as the sensitive inputs to reduce surface 
Jeakage paths. Bulk leakage is reduced less, and 
depends more on guard ring width. 


FIGURE 15 — GUARD RING ELECTRICAL CONNECTIONS 
FOR COMMON AMPLIFIER CONFIGURATIONS 


Summing Amp (Inverting) 


R1 R2 


Non-Inverting 


R2 


Voltage Follower 


Output 


Output 
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LM11C, LM11CL 


FIGURE 16 — INPUT PROTECTION 
FOR SUMMING (INVERTING) AMPLIFIER 


O Output 


Current is limited by R1 in the event the input is 
connected to a low impedance source outside the 
common-mode range of the device. Current is con- 
trolled by R2 if one supply reverses. R1 and R2 do not 
affect normal operation. 


FIGURE 17 — INPUT PROTECTION 
FOR A VOLTAGE FOLLOWER 


Output 


Input current is limited by R1 when the input exceeds 
supply voltage, power supply is turned off, or output is 
shorted. 


FIGURE 18 — CABLE BOOT STRAPPING 
AND INPUT SHIELDS 


Output 


c 


i 


An input shield boot strapped in a voltage follower 
reduces input capacitance, leakage, and spurious volt- 
ages from cable flexing. A small capacitor from the 
input to ground will prevent any instability. 


In a summing amplifier the input is at virtual ground. 
Therefore the shieid can be grounded. A small feedback 
capacitor will insure stability. 


FIGURE 19 — ADJUSTING INPUT OFFSET 
VOLTAGE WITH BALANCE POTENTIOMETER 


Vcc 


O & 
Inputs Le © Output 
©) 


input offset voltage adjustment range is a function of the Balance 
Potentiometer Resistance as indicated by the table above. The 
potentiometer is connected between the two ‘‘Balance’’ pins. 


Minimum 
Adjustment Range 


(mV) 
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MOTOROLA 


= SEMICONDUCTOR xy 


TECHNICAL DATA 


OPERATIONAL AMPLIFIER 


A general purpose operational amplifier that allows the user to 
choose the compensation capacitor best suited to his needs. With 
proper compensation, summing amplifier slew rates to 10 V/us 


can be obtained. 


@ Low Input Offset Current — 20 nA Maximum Over 
Temperature Range 


e@ External Frequency Compensation for Flexibility 
@ Class AB Output Provides Excellent Linearity 

e@ Output Short Circuit Protection 

@ Guaranteed Drift Characteristics 


FIGURE 1 - STANDARD COMPENSATION 
AND OFFSET BALANCING CIRCUIT 


VEE 


Inverting 
9 
Input 


Noninverting 
Input : 


Balance 


10 MQ 


FIGURE 3 - 


FIGURE 2 - DOUBLE-ENDED LIMIT 
DETECTOR 


© Vcc 


0 Output 


Balance 


Vo = 4.8 for 
ViT <= Vis Vut 
Vo =-0.4V 
O VEE Vy <= Vit or ¥y > VuT 
Pins Not Shown Are Not Connected 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Balance 9 9 Compensation 


_ 


Balance 6 


LM101A 
LM201A 


LM301A 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626 


(LM201A and LM301A) 


J SUFFIX 
CERAMIC PACKAGE 
CASE 693 


1 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 


(Top View) 


H SUFFIX 
METAL PACKAGE 
CASE 601 


Compensation 


ORDERING INFORMATION 


—- Ce a aaa aa 
Temperature 
Device Range Package 

LM101AH é ‘i Metal Can 
LM101AJ ~ BBC to + 126°C | Ceramic DIP 
LM201AD S$0-8 
LM201AH _ x Metal Can 
LM201AN SPCC MORSE Ti. plastic DIP 
LM201AJ Ceramic DIP 
LM301AD $0-8 
LM301AH 3 “ Metal Can 
LM301AN Cte ae Plastic DIP 
LM301AJ Ceramic DIP 
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LM101A, LM201A, LM301A 


MAXIMUM RATINGS 


Rating 


— 
Output Short-Circuit Duration | ts | 


Power Dissipation (Package Limitation) 
Metal Can 
Derate above Ta = +75°C 
Plastic Dual In-Line Package (LM201A/ 
Derate above Ta = + 25°C 301A) 
Ceramic Package 
Derate above 25°C 


Operating Ambient Temperature Range —65 to +125 
Storage Temperature Range Tstg << - 65 to + 150 —————---—____ 


Note 1. For supply voltages less than +15 V, the absolute maximum input voltage is equa! to the supply voltage. 


ELECTRICAL CHARACTERISTICS (Ta = + 25°C unless otherwise noted.) Unless otherwise specified, these specifications apply 
for supply voltages from +5.0 V to +20 V for the LM101A and LM201A, and from +5.0 V to 
+15 V for the LM30TA. 


Characteristics 


Input Offset Voltage (Rg < 50 kf) 
Input Offset Current | tio | 
Input Bias Current | ie | 


Input Resistance rj 
Supply Current 


Large Signal Voltage Gain 
(Vcc/VEeE = + 15V, Vo = +10V, 
Ri > 2.0 kQ) 


Input Offset Current 


Average Temperature Coefficient of 
Input Offset Voltage 
Taimin) < Ta < Ta(max) 


Average Temperature Coefficient of 
Input Offset Current 
+25°C < Ta < Ta(max) 
Ta(min) = Ta = 25°C 


Input Bias Current 


Large Signal Voltage Gain 
(VecVEE = +15 V, Vo = + 10V, 
Ri > 2.0 k) 


Input Voltage Range 
+20V 
+15V 


Common-Mode Rejection Ratio 
Rg < 50 kn 


Output Voltage Swing 
Vcec/VEE = +15 V, RL = 10 kQ, 
R_ = 2.0k0 


Supply Currents (Ta = Ta(max), 
Voc/VEE = +20 V) 
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Vip. INPUT VOLTAGE RANGE (VOLTS) 


Ay, VOLTAGE GAIN (dB) 


Ay, VOLTAGE GAIN (dB) 


LM101A, LM201A, LM301A 


TYPICAL CHARACTERISTICS 
(Vcc = +15V, Veg = —15V, Ta = + 25°C unless otherwise noted.) 


FIGURE 4 — MINIMUM INPUT VOLTAGE RANGE FIGURE 5 — MINIMUM OUTPUT VOLTAGE SWING 
20 


Applicable to the Specified 
Operating Temperature 
Ranges 


16 Applicable to the Specified 
Operating Temperature 
Ranges 


Vor, OUTPUT VOLTAGE RANGE {+ VOLTS) 


8.0 
40 
Minimum 
TRL = 20k 
: 0 
0 5.0 10 15 20 5.0 
Vcc and { — Veg), SUPPLY VOLTAGE (VOLTS) Vcc AND ( — Vege), SUPPLY VOLTAGES (VOLTS) 


FIGURE 6 — MINIMUM VOLTAGE GAIN FIGURE 7 — TYPICAL SUPPLY CURRENTS 


TT — 


Applicable to the Specified 
Operating Temperature 


Ranges 


icc. leg, SUPPLY CURRENTS (mA) 


0 5.0 10 15 20 0 5.0 10 15 20 
Voc AND — Vee, SUPPLY VOLTAGES (VOLTS) Vcc AND { — Veg) SUPPLY VOLTAGE (VOLTS) 
FIGURE 8 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 9 — LARGE-SIGNAL FREQUENCY RESPONSE 


ere y aoa |i ||| ee 
Single-Pole Compensation Single-Pole Compensation 
++ 


Vp, OUTPUT VOLTAGE RANGE { + VOLTS) 


1.0 10 100 1.0k 10k 100 k 10M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
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LM101A, LM201A, LM301A 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 V, Veg = —-15V, Ta = +25°C unless otherwise noted.) 


FIGURE 10 — VOLTAGE FOLLOWER PULSE RESPONSE FIGURE 11 — OPEN-LOOP FREQUENCY RESPONSE 
+ 140 a 1a a I Se 
=i Feedforward Compensation 4 
+120}-—__+__— f + + 


R- Vor, VOLTAGE RANGE ( + VOLTS} 


10 100 1.0k = 10k = 100k 1.0M = 10M_— 100M 
t, TIME (12s) f, FREQUENCY (Hz) 
FIGURE 12 — LARGE-SIGNAL FREQUENCY RESPONSE FIGURE 13 — INVERTER PULSE RESPONSE 


Feedforward Compensation Babli 


Vor, OUTPUT VOLTAGE RANGE { + VOLTS) 
Vor, OUTPUT VOLTAGE RANGE (+ VOLTS) 


= PT TT Ty 
a 
1 


0 20S ees eee one oes 
100 k 1.0M OM 


f, FREQUENCY (Hz) t, TIME (ys) 


TYPICAL COMPENSATION CIRCUITS 


FIGURE 14 — SINGLE-POLE COMPENSATON FIGURE 15 — FEEDFORWARD COMPENSATION 


R2 


-V 
ie Vo 
+VI 
40 08 
1OVEE Frequency 


Balance Compensation 


C1 


RIC 1 
> ——s = 
Cl? ary R2 = C2 = SrfgR2 
Cs = 30 pF fg = 3.0 MHz 
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PHASE LAG (DEGREES) 


Sa aate LM108, LM108A 


= SEMICONDUCTOR Soo LM208, LM208A 
TECHNICAL DATA LM308, LM308A 


PRECISION OPERATIONAL AMPLIFIERS 


SUPER GAIN 
The LM108/LM208/LM308 Series operational amplifiers provide OPERATIONAL AMPLIFIERS 
high input impedance, low input offsets and temperature drifts, 
and low noise. These characteristics are made possible by use of SILICON MONOLITHIC 


a special Super Beta processing technology. This series of am- INTEGRATED CIRCUIT 


plifiers is particularly useful for applications where high-accuracy 
and low-drift performance are essential. In addition high-speed 
performance may be improved by employing feed-forward com- 
pensation techniques to maximize slew rate without compromis- 
ing other performance criteria. 

The LM108A/LM208A/LM308A Series offers extremely low input 
offset voltage and drift specifications allowing usage in even the 
most critical applications without external offset nulling. 


@ Operation From a Wide Range of Power Supply Voltages 
@ Low Input Bias and Offset Currents 


@ Low Input Offset Voltage and Guaranteed Offset Voltage Drift 
Performance 


H SUFFIX 
METAL PACKAGE oo 
CASE 601 eouren 


(Top View) 


@ High Input Impedance J SUFFIX 


CERAMIC PACKAGE 
CASE 632 


FREQUENCY COMPENSATION 


Standard Compensation Modified Compensation 
NC NC 
COMPEN A NC 
*GUARD 2 COMPEN B 
Vcc 
OUTPUT 
*GUARD NC 
VEE NC 


Inverting Inverting 

Input input 

Non- R3 Output Non- Output 
Inverting Inverting 


C 
Input Compen 4 f Input 


INPUTS 


(Top View) 


Standerd Feedforward Feedforward Compensations for 


N SUFFIX 
Compensation Decoupling Load Capacitance 


PLASTIC PACKAGE 
CASE 626 
(LM208, LM208A) 
(LM308, LM308A Only) 


10k 5 pF Rg > 10k 100 k 


Output 
Compen B J-8 SUFFIX 
CERAMIC PACKAGE 


CASE 693 


CL 
10 pF 75 pF to 
st 0.01 pF 

5 x 105 


C2 > R2 pF 


= Compen A = 


D SUFFIX 
PLASTIC PACKAGE 


ORDERING INFORMATION CASE 751 
(SO-8) 


Device Temperature Range Package 
LM108AH, H 6 Meta! Can 
LM108AJ, J, AJ-8, J-8 aot aoe Ceramic DIP ONE 4 gen 
LM208AH, H Metal Can inpuTs 2 7 Vec 
LM208AJ, J, AJ-8, J-8 25 to +85°C Ceramic DIP 3 & OUTPUT 
LM208AN, N 7 Plastic DIP 4 5 NC 
LM208AD, D SO-8 (Top View) 
LM308H, H Metal Can ————— $$$ ___$§$_______—_. 
LM308AJ, J, AJ-8, J-8 . Ceramic DIP *Unused pin (no internal connection) to 
LM308AN, N Oto +70°C Plastic DIP allow for input anti-leakage guard ring 
LM308AD, D sh. So-8 on printed circuit board layout. 
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LM108, LM108A, LM208, LM208A, LM308, LM308A 


MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


<< - 65 to + 150 ——___——_______ 


Junction Temperature 
Metal, Ceramic Package 
Plastic Package 


Note 1. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
Note 2. The inputs are shunted with back-to-back diodes for over-voltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of 1.0 V is applied between the inputs unless some limiting resistance is used. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < Vcc < 
+20 V and -5.0 V = Veg = —20V, Ta = +25°C.) 


LM108A 
LM208A 


Characteristic 
Input Offset Voltage 


Input Resistance 

Power Supply Currents 
Vcc = +20V, Veg = —20V 

Large Signal Voltage Gain 
Vcc = \VeEl = +15 V, Vo = +10V, 
Ry = 10 ka 


Input Offset Voltage 
Input Offset Current 


Average Temperature Coefficient of 
Input Offset Voltage 
Tai(min)<Ta<Ta(max) 


Average Temperature Coefficient of Alio/AT 
Input Offset Current 
Input Bias Current | te 


Large Signal Voltage Gain AVOL 
Vcc = \Vegl = +15 V, Vo = +10V, 
Ru = 10kN 


Input Voltage Range 
Vec = Weel = +15V 


Common-Mode Rejection Ratio 


Power Supply Voltage Rejection Ratio 


Output Voltage Range 
Voc = \VeEl = +15 V, RL = 10 kO 


Supply Current (Ta = Talmax]) 
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LM108, LM108A, LM208, LM208A, LM308, LM308A 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < Vcc < 
+15 V and —5.0V = Veg = —-15V, Ta = +25°C.) 


ee es 
Input Offset Voltage | vo | — | 
Input Offset Current | to | —_| 0. 
[Input Bias Current, =| | 
[input Resistance | it | tS] ao | ~ | 10 | 


Tm] 
= [Magan 


Power Supply Currents Icc. lee 

Vcc = +15V, Veg = —-15V 
Large Signal Voltage Gain 
+15 V, Veg = —-18V,Vo = +10V, 
10 kO. 


Vcc 
Rt 


2 


Input Offset Voltage 


VIO 
Input Offset Current | io _| 


Average Temperature Coefficient of AViQ/AT 
Input Offset Voltage 
Ta(min) = Ta <= Ta(max) 


Average Temperature Coefficient of Alig/AT 
Input Offset Current 


Input Bias Current 
Large Signal Voltage Gain AVOL 
Voc+15 V, Veg = -15V,Vo = +10V, 
R_ = 10 kQ 


Input Voltage Range ViR +14 +14 
Vcc = +15V, Veg = —15V 


Common-Mode Rejection Ratio CMRR 
Rs = 50 kn 

Supply Voltage Rejection Ratio 
Rs = 50 kD. 


Output Voltage Range Vor +13 +14 +13 +14 
Vcc = +15 V, Veg = —15V, RL = 10k 


REPRESENTATIVE CIRCUIT SCHEMATIC 
COMPENSATION AO © COMPENSATION B 
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LM108, LM108A, LM208, LM208A, LM308, LM308A 


TYPICAL CHARACTERISTICS 


FIGURE 1 — INPUT BIAS AND INPUT OFFSET CURRENTS 
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T, TEMPERATURE (°C) 


; FIGURE 3 — VOLTAGE GAIN versus SUPPLY VOLTAGES 


AvoL. VOLTAGE GAIN (4B) 


0 5.0 10 15 
Vcc = |VgE), SUPPLY VOLTAGES (VOLTS) 


FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE 


1.0 10 100 1.0k 10k 100k 10M 10M 100M 
f, FREQUENCY (Hz) 


EQUIVALENT INPUT OFFSET VOLTAGE (mV) 


FIGURE 2 — MAXIMUM EQUIVALENT INPUT OFFSET 
VOLTAGE ERROR versus INPUT RESISTANCE 
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FIGURE 4 — POWER SUPPLY CURRENTS versus POWER 
SUPPLY VOLTAGE 
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FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE 
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LM108, LM108A, LM208, LM208A, LM308, LM308A 
SUGGESTED DESIGN APPLICATIONS 


FIGURE 7 — FAST (1) SUMMING AMPLIFIER WITH LOW 
INPUT CURRENT 


0.002 uF 
LM108,A 


Output 
LM101A(3) 
or equiv 


(1) Power Bandwidth: — (3) In addition to increasing speed, 
250 kHz the LM101A raises high and 
Small Signal low frequency gain, increases 
Bandwidth: output drive capability and 
3.5 MHz eliminates thermal feedback. 
Slew Rate: 10 V/ys 


6 X 10-8 


(2) C5 = RI 


INPUT GUARDING 

Special care must be taken in the assembly of printed 
circuit boards to take full advantage of the low input 
currents of the LM108,A amplifier series. Boards must 
be thoroughly cleaned with alcohol and blown dry with 
compressed air. After cleaning, the boards should be 
coated with epoxy or silicone rubber to prevent 
contamination. 

Even with properly cleaned and coated boards, leak- 
age currents may cause trouble at + 125°C, particularly 
since the input pins are adjacent to pins that are at 
supply potentials. This leakage can be significantly re- 
duced by using guarding to lower the voltage difference 
between the inputs and adjacent meta! runs. Input 
guarding of the 8-lead TO-99 type package is accom- 
plished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the in- 
puts are empty when it is inserted in the boards. The 


FIGURE 8 — SAMPLE AND HOLD 


Output 


1.0 pF (1) T 


(1) Teflon, Polyethylene or Polycarbonate 
Dielectric Capacitor 


FIGURE 9 — SUGGESTED PRINTED CIRCUIT BOARD 
LAYOUT for INPUT GUARDING USING METAL 
PACKAGED DEVICE 


Compensation B 


Vi 
cc \ j V4 Compensation A 
—, 7, 4 
6 : 


Output 


(Bottom View) 


guard, which is a conductive ring surrounding the in- 
puts, is connected to a low-impedance point that is at 
approximately the same voltage as the inputs. Leakage 
currents from high-voltage pins are then absorbed by 
the guard. 

The pin configuration of the dual in-line package is 
designed to facilitate guarding, since the pins adjacent 
to the inputs are not used (this is different from the 
standard MC1741 and LM101A pin configuration). 


FIGURE 10 — CONNECTION OF INPUT GUARDS 


Inverting Amplifier 


R1 R2 


Output 


(1) Used to compensate for large source resistances. 


Follower Non-Inverting Amplifier 


must be an impedance. 
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MOTOROLA 


= SEMICONDUCTOR xy 
TECHNICAL DATA 


HIGHLY FLEXIBLE VOLTAGE COMPARATORS HIGH PERFORMANCE 
The ability to operate from a single power supply of 5.0 to 30 voits VOLTAGE COMPARATORS 
or +15 volt split supplies, as commonly used with operational ampli- 
fiers, makes the LM111/LM211/LM311 a truly versatile compara- SILICON MONOLITHIC 
tor. Moreover, the inputs of the device can be isolated from system INTEGRATED CIRCUIT 


ground while the output can drive loads referenced either to ground, 

the Vcc or the VEE supply. This flexibility makes it possible to drive 

DTL, RTL, TTL, or MOS logic. The output can also switch voltages to 

50 volts at currents to50 mA. Thus the LM111/LM211/LM311 can H SUFFIX 

be used to drive relays, lamps or solenoids. METAL PACKAGE 
CASE 601 


Vv 
TYPICAL COMPARATOR DESIGN CONFIGURATIONS cc 


Split Power-Supply with Single Supply 
Offset Balance 


3.0 k 


VEE 
(Top View) 


RL 


Output N SUFFIX 
PLASTIC PACKAGE 
CASE 626 


(LM311 Only) 


J-8 SUFFIX 
CERAMIC PACKAGE 
CASE 693 


Load Referred to 
Negative Supply 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 
(LM211/LM311 Only) 


Gnd 1 8 Vcc 

7 Output 

6 Balance/Strobe 
Veg 4 5 Balance 


Input polarity is reversed when Input polarity is reversed when 


2 
rs , Inputs 3 
Gnd pin is used as an output. Gnd pin is used as an output. 


Load Referred to Strobe Capability 
Positive Supply 


(Top View) 


ORDERING INFORMATION 


Temperature Range 


~ 55°C to + 125°C 


Device 


LM111H 
LM111J-8 


LM211D 


Package 


Metal Can 
Ceramic DIP 


S0-8 


LM211H — 256°C to + 85°C Metal Can 
LM211J-8 Ceramic DIP 
LM311D SO-8 
LM311J-8 o°C to +70°C Ceramic DIP 


LM311N 


Plastic DIP 
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LM111, LM211, LM311 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


a LM1171 
Total Supply Voltage Vec *|Vee! ee eee 
Output to Negative Supply Voltage 40 
30 
+30 
+15 


50 
Ground to Negative Supply Voltage 30 
+30 
+15 


Input Differential Voltage 


Input Voltage (Note 2) 


Voltage at Strobe Pin 


Vcc to Vec-5 Vcc to Vcec-5 


Power Dissipation and Thermal Characteristics 


Metal Package mw 
Derate above Ta = +25°C mW/°C 

Plastic and Ceramic Dual In-Line Packages mW 
Derate above Ta = +25°C mW/°C 


Operating Ambient Temperature Range 
-55 to +125 
-25 to +85 


+150 
-65 to +150 


Operating Junction Temperature 


0 to +70 
+150 °c 
-65 to +150 °C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted [Note 1].) 


Storage Temperature Range 


LM111 
LM211 


LM311 
Characteristic 


Input Offset Voltage (Note 3) 
Rg < 50 kN, Ta = +25°C 
Rg < 50 kX, Tow S TA < Thigh’* 


Input Offset Current (Note 3) Ta = +25°C 
Tlow § TA S Thigh” 
Input Bias Current, Ta = +25°C 
TlowS TAS Thigh” 
Voltage Gain 
Response Time (Note 4) rT = 
Saturation Voltage VOL 
Vip < -5.0 mV, Io = 50 mA = 6 
Vip <-10 mV, Ig =50 ma f ‘A= *28°C 
Vec 2 4.5 V, Veg = 0, Tow S Ta X Thigh* 
Vip < -6.0 mV, Isink < 8.0 mA 
Vip S -10 MV, Isink < 8.0 mA 
Strobe “‘On"’ Current (Note 5) Is 
Output Leakage Current 
Vip 2 5.0 mV, Vo = 35 VE Ta = +25°C 
Vip 2 10 mV, Vo = 35 V § Istrobe = 3.0 mA 
Vip 2 5.0 mV, Vo = 35 V, Tlow S Ta X Thigh* 
Input Voltage Range (Tiow S TA Thigh”) VIR 
Positive Supply Current loc : 
Negative Supply Current | tee | — | -13 | -5.0 Ils, 23 -1.3 -5.0 mA 


NOTES: 
* Tlow= -85°C for LM111 
= -25°C for LM211 


3. The offset voltages and offset currents given are the maximum 
values required to drive the output within a volt of either supply with 


Thigh = +125°C for LM111 
= +85°C for LM211 


= O°C for LM311 


= +70°C for LM311 


1. Offset voltage, offset current and bias current specifications apply for 
a supply voltage range from a single 5.0 volt supply up to + 15 voit supplies. 


2. This rating applies for +15 volt suppiies. The positive input voltage 
limit is 30 volts above the negative supply. The negative input volt- 
age limit is equal to the negative supply voltage or 30 volts below the 
positive supply, whichever is less. 


a1.0mA load. Thus, these parameters define an error band and take 
into account the “worst case” effects of voltage gain and input 
impedance. 


4. The response time specified is for a 100 mV input step with 5.0 mV 


overdrive. 


5. Do not short the strobe pin to ground; it should be current driven at 
3.0 to 5.0 mA. 
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LM111, LM211, LM311 


FIGURE 1 — CIRCUIT SCHEMATIC 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 2 — INPUT BIAS CURRENT versus FIGURE 3 — INPUT OFFSET CURRENT versus 
TEMPERATURE TEMPERATURE 
140 
z 120 = 
5 | = Pins 5 ie 
= 100 Pins 5 & 6 Tied = 
2 to Vcc 3 
wn ww 
= a 
= 80 s 
S = 
a 2 
= 40 3 
0 


~55 -25 0 +25 +50 +75 +100 +125 -55 -25 0 +25 +50 +75 +100 «+125 
Ta. TEMPERATURE (°C) Ta, TEMPERATURE (°C) 
FIGURE 4 — INPUT BIAS CURRENT versus FIGURE 5 — COMMON MODE LIMITS versus 
DIFFERENTIAL INPUT VOLTAGE TEMPERATURE 


t a 
Referred to Supply Valtages 
na 4 


lip. INPUT BIAS CURRENT (nA) 
COMMON MODE LIMITS (VOLTS) 


-55 -25 0 +25 +50 +75 +100 +125 
Ta, TEMPERATURE (°C) 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-56 


LM111, LM211, LM311 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 6 — RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 
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FIGURE 8 — RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 


Le Le Sede SNe Mow ef 
ph ety a eee ee 
Litt iit ti lei aien 


tTLH. ere TIME (1s) 


Vin INPUT VOLTAGE (mV) Vg, OUTPUT VOLTAGE (V) 


FIGURE 10 — OUTPUT SHORT CIRCUIT CURRENT 
CHARACTERISTICS AND POWER DISSIPATION 
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FIGURE 7 — RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 
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FIGURE 11 — OUTPUT SATURATION VOLTAGE 
versus OUTPUT CURRENT 
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LM111, LM211, LM311 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


FIGURE 12 — OUTPUT LEAKAGE CURRENT FIGURE 13 — POWER SUPPLY CURRENT 
versus TEMPERATURE versus SUPPLY VOLTAGE 
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FIGURE 14 — POWER SUPPLY CURRENT versus 
TEMPERATURE 
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APPLICATIONS INFORMATION 


FIGURE 15 — IMPROVED METHOD OF ADDING 
HYSTERESIS WITHOUT APPLYING POSITIVE FIGURE 16 — CONVENTIONAL TECHNIQUE FOR 
FEEDBACK TO THE INPUTS ADDING HYSTERESIS 


O 
Output 
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LM111, LM211, LM311 


APPLICATIONS INFORMATION 


Techniques for Avoiding Oscillations in Comparator Applications 


When a high-speed comparator such as the LM111 is used 
with high-speed input signals and low source impedances, the 
output response will normally be fast and stable, providing the 
power supplies have been bypassed (with 0.1 uF disc capacitors}, 
and that the output signal is routed well away from the inputs 
(Pins 2 and 3) and also away from Pins 5 and 6. 

However, when the input signal is a voltage ramp or a slow 
sine wave, or if the signal source impedance is high (1.0 kQ. to 
100 kQ), the comparator may burst into oscillation near the 
crossing-point. This is due to the high gain and wide bandwidth 
of comparators like the LM111 series. To avoid oscillation or 
instability in such a usage, several precautions are recom- 
mended, as shown in Figure 15. 

The trim pins(Pins 5 and 6) act as unwanted auxiliary inputs. if 
these pins are not connected to a trim-pot, they should be shorted 
together. If they are connected to a trim-pot, a 0.01 uF capacitor 
(C1) between Pins 5 and 6 will minimize the susceptibility to ac 
coupling. A smaller capacitor is used if Pin 5 is used for positive 
feedback as in Figure 15. 

Certain sources will produce a cleaner comparator output 
waveform if a 100 pF to 1000 pF capacitor (C2) is connected 
directly across the input pins. When the signal source is applied 
through a resistive network, R1, it is usually advantageous to 
choose R2 of the same value, both for de and for dynamic (ac} 
considerations. Carbon, tin-oxide, and metal-film resistors have 
all been used with good results in comparator input circuitry, but 
inductive wirewound resistors should be avoided. 

When comparator circuits use input resistors (e.g., summing 
resistors), their value and placement are particularly important. 
In all cases the body of the resistor should be close to the device 
or socket. In other words, there should be a very shortlead length 
or printed-circuit foil run between comparator and resistor to 
radiate or pick up signals. The same applies to capacitors, pots, 
etc. For example, if R1=10kQ, as little as 5 inches of lead between 
the resistors and the input pins can result in oscillations that are 
very hard to dampen. Twisting these input leads tightly is the 
best alternative to placing resistors close to the comparator. 


FIGURE 17 — ZERO-CROSSING DETECTOR DRIVING 
CMOS LOGIC 


Voc = +15 V 
Balance 
Adjust 


Balance 
Input 


Output 
to CMOS Logic 


VEE = -15V 


Since feedback to almost any pin of a comparator can resuit in 
oscillation, the printed-circuit layout should be engineered 
thoughtfully. Preferably there should be a groundplane under the 
LM111 circuitry (e.g., one side of a double layer printed circuit 
board). Ground, positive supply or negative supply foil should 
extend between the output and the inputs, to act as a guard. The 
foil connections for the inputs should be as small and compact as 
possible, and should be essentially surrounded by ground foil on 
all sides, to guard against capacitive coupling from any fast high- 
level signals(such as the output). If Pins 5 and 6 are not used, they 
should be shorted together. If they are connected to a trim-pot, 
the trim-pot should be located no more than a few inches away 
from the LM111, and a 0.01 uF capacitor should be installed 
across Pins 5 and 6. If this capacitor cannot be used, a shielding 
printed-circuit foil may be advisabie between Pins 6 and 7. The 
power supply bypass capacitors should be located within a 
couple inches of the LM111. 

A standard procedure is to add hysteresis to a comparator to 
prevent oscillation, and to avoid excessive noise on the output. 
In the circuit of Figure 16, the feedback resistor of 510 kf from 
the output to the positive input will cause about 3.0 mV of 
hysteresis. However, if R2 is larger than 100 0, such as 50kfN, it 
would not be practical to simply increase the value of the positive 
feedback resistor proportionally above 510 kN to maintain the 
same amount of hysteresis. 

When both inputs of the LM111 are connected to active signals, 
or if a high-impedance signal is driving the positive input of the 
LM111 so that positive feedback would be disruptive, the circuit 
of Figure 15 is ideal. The positive feedback is applied to Pin 5 (one 
of the offset adjustment pins). This will be sufficient to cause 1.0 
to 2.0 mV hysteresis and sharp transitions with input triangle 
waves from a few Hz to hundreds of kHz. The positive-feedback 
signal across the 82 0 resistor swings 240 mV below the positive 
supply. This signal is centered around the nominal voltage at Pin 
5, so this feedback does not add to the offset voltage of the com- 
parator. As much as 8.0 mV of offset voltage can be trimmed out, 
using the 5.0 kN pot and 3.0 kN resistor as shown. 


FIGURE 18 — RELAY DRIVER WITH STROBE CAPABILITY 


Vcc2 


Vcc1 


2N2222 
or Equiv 


*Zener Diode D1 
protects the comparator 
from inductive kickback 
and voltage transients 
on the Vcc2 supply line. 
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MOTOROLA LM124, LM224, 


mm SEMICONDUCTOR sues | LIM324, LM324A 
TECHNICAL DATA LM2902 


QUAD DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 


The LM124 Series are low-cost, quad operational amplifiers 
with true differential inputs. These have several distinct advan- 
tages over standard operational amplifier types in single supply 
applications. The quad amplifier can operate at supply voltages 
as low as 3.0 Volts or as high as 32 Volts with quiescent currents 
about one fifth of those associated with the MC1741 (on a per 
amplifier basis). The common mode input range includes the neg- 
ative supply, thereby eliminating the necessity for externa! biasing 


components in many applications. The output voltage range also J SUFFIX N SUFFIX 
includes the negative power supply voltage. CERAMIC PACKAGE PLASTIC PACKAGE 
@ Short Circuited Protected Outputs CASE 632 CASE 646 

2 A (LM224, LM324, 
@ True Differential Input Stage LM2902 Only) 
@ Single Supply Operation: 3.0 to 32 Volts Ps 

d ; e. D SUFFIX 

® Low Input Bias Currents: 100 nA Max (LM324A) a PLASTIC PACKAGE 
e@ Four Amplifiers Per Package A CASE 751A 


@ Internally Compensated (SO-14) 


e@ Common Mode Range Extends to Negative Supply 
@ Industry Standard Pinouts PIN CONNECTIONS 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


LM124 
LM224 
LM324,A 


Power Supply Voltages 

Single Supply 32 26 

Split Supplies +16 +13 
Input Differential Voltage Range (1) VIDR 


Input Common Mode Voltage Range -0.3 to 32 ~0.3 to 26 | Vdc 


Input Forward Current (2) he mA 
(Vj < -—0.3 V) 


(Top View) 


Output Short Circuit Duration ts ORDERING INFORMATION 
Bis be oe ature Ty °C Device Temperature Range | Package 
eramic Package 175 3 - 
Plastic Packages 150 LM124J —55 to + 125°C Ceramic DIP 
LM2902D SO-14 
Storage Temperature Range ~40 to +105 - 
Ceramic Package —65 to +150 LM2902N Plastic DIP 
Plastic Packages —55 to +125 LM2902J —40 to +85°C Ceramic DIP 
Tr T 
Operating Ambient Temperature LM224D SO-14 
Range LM224J ~25 to +85°C Ceramic DIP 
LM124 ~55 to +125 TASIaN lr chaeca Ge: | 
LM224 -25 to +85 L astic 
LM324 Oto +70 LM324AD SO-14 
$9 
LM324A Oto +70 LM324AN Plastic DIP 
oldie an conte Ti LM324D Oto +70°C $0-14 
NOTES: : 
(1) Split Power Supplies. peM seeds | i Ceramie:DIr S| 
(2) This input current will only exist when the voltage is negative at any of the input leads. LM324N Plastic DIP 
Normal output states will reestablish when the input voltage returns to a voltage greater 2 = 
than —0.3 V. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted) 


- 


Max 


LM124/LM224 LM2902 
Characteristic Symbol ~ Typ | Max | Min Min 
Input Offset Voltage Nite) 
Vcc = 5.0 V to 30 V (26 V for LM2902), 
VicR = 0V to Vcc —1.7 V, Vo = 1.4V,Rg = 00 
Ta = 25°C — 2.0 | 5.0 
TA = Thigh to Tlow (Note 1) — |—-— | 7.0 
Average Temperature Coefficient of Input Offset Voltage avig/at | — 70}; — 
Ta = Thigh to Tlow (Note 1) 
Input Offset Current T ia | _ 3.0 ‘ 30 
Ta = Thigh to Tlow (Note 1) = —_| 100 
Average Temperature Coefficient of Input Offset Current Aljo/AT | — 10 - 
Ta = Thigh t© Tlow (Note 1) 
Input Bias Current lp — | -90}-150 
Ta = Thigh t° Ttow (Note 1) _ 4 — |-300 
Input Common-Mode Voltage Range (Note 2) VICR ia 
Vcc = 30 V (26 V for LM2902) 0 — | 28.3 
Vcc = 30 V (26 V for LM2902), Ta = Thigh to Tlow 0 — | 28 
Differential Input Voltage Range VIDR _ — | Vcc 
Large Signal Open-Loop Voltage Gain AVOL 
RL = 2.0 kQ, Voc = 15 V, For Large Vg Swing, 50 | 100 | — 
TA = Thigh to Tiow (Note 1) 2}, — | — 
Channel Separation _ — |-120) — 
1.0 kHz <= f < 20 kHz, Input Referenced 
Common-Mode Rejection Ratio CMRR 70 | 85 = 
Rg <= 10 kO 
Power Supply Rejection Ratio PSRR | 65 | 100 | — | 65 | 100 
Output Voltage Range Vor 0 — | 33 
Ru = 2.0 kQ (Ry = 10 kf. for LM2902) 
1) VOH 


Output Voltage — High Limit (Ta = Thigh to Tiow) (Note 
Vec = 30 V (26 V for LM2902), RL = 2.0 kX 
Vec 


26) — 
= 30 V (26 V for LM2902), RL = 10 kQ 27 |} 28 | — 
Output Voltage — Low Limit VOL — | 50 | 20 
Voc = 5.0 V, RL = 10 k9, TA = Thigh to Tlow (Note 1) 
Output Source Current (Vip = +1.0 V, Vcc = 15 V) lo+ 
Ta = 25°C 20 | 40 | — 
Ta = Thigh t© Tlow (Note 1) 10 20 | — 
Output Sink Current lo- 
(Vip = —1.0V, Vec = 15 V 
Ta = 25°C 10 | 20 | — 
TA = Thigh to Tiow (Note 1) 50] 80] — 
Vip = —1.0V, Vo = 200 mV, Ta = 28°C 12 50 — 


Output Short Circuit to Ground (Note 3) los _ 40 | 60 mA | 
Power Supply Current (Ta = Thigh to Tiow) (Note 1) lec mA 
Vcc = 30 V (26 V for LM2902), Vo = OV, RL = = — |— {1301 ~ | 14 | 3.0 30} — { — | 3.90 
Vcc = 5.0 V, Vo = OV, RL = = —}—]12/— | 07] 12 12) — | — | 12 | 
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LM124, LM224, LM324,A, LM2902 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(One-Fourth of Circuit Shown) 


Bias Circuitry 
Common to Four 
Amplifiers 


Q19 


Q2 


LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 


Vec = 15 Vde 
RL =2k2 


1 V/Div. 


5.0 us/Div. 


CIRCUIT DESCRIPTION 


The LM124 Series is made using four internally com- 
pensated, two-stage operational amplifiers. The first stage 


SINGLE SUPPLY 


3.0 V to Voc(Max.) 


25 
* 
Q18 
Inputs 
ag 


Vee 


VeeE‘Gnd 


pa 


of each consists of differential input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q20 and O18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


SPLIT SUPPLIES 


= 1.5 V to VCC(Max.) 


= 1.5 V to VEE(Max.) 
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LM124, LM224, LM324,A, LM2902 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT VOLTAGE RANGE FIGURE 2 — OPEN LOOP FREQUENCY 
: Excl ' 
F ese Zz 
o [7 = <x 
> 25 
re Zz Man} 
= e< 
5 25 
aA O 
: ae 3 
: lee # 
= =m 
: a : 
0 +20 24.0 +60 +80 +10 +12 +14 +16 +18 +20 1.0 10 100 1.0k Wk Wok = 1.0M 
Vec/VEE, POWER SUPPLY VOLTAGES (VOLTS) f, FREQUENCY (Hz) 
FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE 
FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE (Non-Inverting) 
4 550 oo 
2 Ceo SD PE TVee=30V 
= VeeE=Gnd | 
= ies Ta = 25°C 
2 = CL = 50 pF 
ws = 450 cia tha 
=z la 
< o 
a < 400 
e 3 
é > 380 
= 
e E 300 
: : 
2 S 250 
ce 
S 200 
10 0 10 20 30 40 50 60 70 80 
{, FREQUENCY (kHz) t, TIME (us) 
FIGURE 5 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
a = 
E £ 
z z 
cc & 
= > 
oO oOo 
5 @ 
& - 
3 2 
& = 
5 = 
a 
3 
x=) 
0 5.0 10 15 20 25 30 35 
Vcc, POWER SUPPLY VOLTAGE (VOLTS) Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
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LM124, LM224, LM324,A, LM2902 
APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR 


R1 


Vo 
R1 
Vg e251 + Ro 
FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 — COMPARATOR WITH HYSTERESIS 


Hysteresis 
VOH aie 
R1 ! 
Vret O Vo 
© 

Vin O Vo 

Vou Vinu |} VinH 

Vref 


R1 
Vinu" aie ag VOL ~ Vret! * Vret 


(Vou — Vret) + Vret 


Pe et 
= WHO RT + R2 
@g = C (1 + a+b) (e2 - e1) 


R1 
Sa ty: -Vv ) 
H = 575 Az \VOH OL 


FIGURE 11 — BI-QUAD FILTER 


oO -27RC 
R1=QR 
he 7 R2= Veet = 5 Vee 
R3=T, 2 
c1=10C 


Vret 
Q=10 
Bandpass Vref 
Output Tap = 
Tu= 
ci 
(——@ notch Output R= 160kQ2 
C = 0.001 uF 
R1= 1.6M2 
Vref Where Tgp = Center Frequency Gain R2=1.6MQ2 
Ty = Passband Notch Gain R3= 1.6MR 
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LM124, LM224, LM324,A, LM2902 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 — FUNCTION GENERATOR FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 
T 
1 Triangle Wave R2 
Vref = 3 Vee Output an 


Vref 


Square : ne 


Output ut 


Re 


Given fg = Center Frequency 


A(fg) = Gain at Center Frequency 


Choose Value fy, C 


Then 
Q 
R3 = 
To C 
R3 
R1=———— 
2 Alfg) 
R1R3 
R2 


“402 R1— RB 


For less than 10% error from operational amplifier 


Qo fo 
BW 


<0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with voltage 
follower buffer to stabilize filter parameters. 
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LM139, A 
LM239, A LM2901 


MOTOROLA 


= SEMICONDUCTOR ooo 
TECHNICAL DATA 


QUAD SINGLE SUPPLY COMPARATORS 


These comparators are designed for use in level detection, low- 
level sensing and memory applications in Consumer Automotive 
and Industrial electronic applications. 
®@ Single or Split Supply Operation 
@ Low Input Bias Current — 25 nA (Typ) 

@ Low Input Offset Current — +5.0 nA (Typ) 

@ Low Input Offset Voltage — +1.0 mV (Typ LM139A Series) 
@ Input Common-Mode Voltage Range to Gnd 

@ Low Output Saturation Voltage — 130 mV (Typ) @ 4.0 mA 
@ TTL and CMOS Compatible 


MAXIMUM RATINGS 


[Symbol _ 
Vv 


c 


VIDR 
36 
30 


LM139, A/LM239, A/ 
LM339A/LM2901 
MC3302 


Power Supply Voltage 


Input Differential Voltage Range 
LM139, A/LM239, A/LM339, A/LM2901 
MC3302 


c 
Input Common Mode Voltage Range VICR -0.3 to Vcc 
Output Short-Circuit to Gnd {Note 1) Continuous 
Input Current (Vip, < —0.3 Vdc) (Note 2) | lin | 50 | 


Power Dissipation @ Ta = 25°C uv 


Is 
Ceramic Package 

T 

T 


Derate above 25°C 
Plastic Package 
Derate above 25°C 


Junction Temperature 
Ceramic & Metal Package 
Plastic Package 


J 
A 


Storage Temperature Range —65 to +150 


FIGURE 1 — CIRCUIT SCHEMATIC (Diagram shown is for 1 comparator) 


Operating Ambient Temperature Range 
LM139, A 


—55to +125 


LM239, A —25to +85 
MC3302 ~40 to +85 
LM2901 —40 to +105 
LM339, A Oto +70 


LM339, A MC3302 


QUAD COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


N, P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


J, L SUFFIX 
CERAMIC PACKAGE 


CASE 632 “a 
Pz PLASTIC PACKAGE 
TT ie CASE 751A 


1 (SO-14) 


D SUFFIX 


PIN CONNECTIONS 


Output 
3 


Output 


Input 
3+ 


Input 
3- 


LM139J, AJ 


LM239D, AD $0-14 


_LM239J, AJ 
LM239N, AN 


LM339D, AD 
LM339J, AJ 
LM339N, AN 


LM2901D 
LM2901N 


MC3302L 
MC3302P 
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O°C to + 70°C 
—40°C to + 105°C 


— 40°C to + 85°C 


Ceramic DIP 
Plastic DIP 


SO-14 
Ceramic DIP 
Plastic DIP 


SO-14 
Plastic DIP 


Ceramic DIP 
Plastic DIP 


L£9-2 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Ta = 25°C unless otherwise noted) 


Characteristic 


Input Offset Voltage (Note 4) 


Input Bias Current (Notes 4, 5) 
(Output in Linear Range) 


input Offset Current (Note 4) 


Input Common-Mode Voltage Range 


Supply Current 
R,_ = © (For All Comparators) 
Ry =, Voc = 30 Vde 


Voltage Gain 
RL > 15 kN, Veg = 15 Vie 


Large Signa! Response Time 
V| = TTL Logic Swing, 
Vref = 1.4 Vde, Vay = 5.0 Vdc, 
R_ = 5.1kN 


Response Time (Note 6) 
Vac = 5.0 Vde, Ry = 5.1 kn 
Output Sink Current 
V\ (-) = +1.0 Vde, Vi(+) = 0, Vo < 1.5 Vde 


Saturation Voltage 
Vi-) = +1.0 Vde, Vi(+) = 0, Ising < 4.0 mA 


Output Leakage Current 
Vi(+) 2 +1.0 Vdc, Vi{-) = 0, Vg = +5.0 Vde 


Characteristic EM239A/339A 

Input Offset Voltage (Note 4) ti 
Input Bias Current (Notes 4, 5) 

{Output in Linear Range) 
Input Offset Current (Note 4) 
Input Common-Mode Voltage Range 
Saturation Voltage 

V\-) > +1.0 Vde, Vi(+) = 0, Igink < 4.0 mA 
Output Leakage Current : 

Vit) 2 +1.0 Vde, Vi(-) = 0, Vo = 30 Vde 
Differential Input Voltage 

All V, > 0 Vde 

NOTES: 
1. The maximum output current may be as high as 20 mA, independent of the magnitude of Vcc. Output short circuits to Vcc can cause excessive heating and eventual 
destruction. 


2. This magnitude of input current will only occur if the leads are driven more negative than ground or the negative supply voltage. This is due to the input PNP collector- 
base junction becoming forward biased, acting as an input clamp diode. There is also a lateral PNP parasitic transistor action which can cause the output voltage of the 
comparators to go to the Vcc voltage level (or ground if overdrive is large) during the time that an input is driven negative. This will not destroy the device when limited 
to the max rating and normal output states will recover when the inputs become > ground or negative supply. 

3. LM139/139A — Tlow = —55°C, Thigh = +125°C LM339/339A — Tigw = 0°C. Thigh = +70°C 

LM239/239A — Tigw = - 25°C, Thigh = +85°C MC3302 — Tiow = —40°C, Thigh = +85°C 
LM2901 — Tiow = —40°C, Thigh = + 105°C 

. At the output switch point, Vo = 1.4 Vde, Rg < 100 2, 5.0 Vde < Vcc < 30 Vdc, with the inputs over the full common-mode range (0 Vdc to Vcc — 1.5 Vde). 

. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state. 

. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical. 


roe 
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NORMALIZED OFFSET VOLTAGE 


LM139,A, LM239,A, LM339,A, LM2901, MC3302 


FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS 


+Vcc 


Vec R1 
Bre * RI 
R3 = R1// Reeg//R2 

R1// Reef 
R1]//Rre¢ + R2 
R2 >> Rref//R1 


Vref * 


VH= (Vomax -VOmin) 


FIGURE 3 — NON-INVERTING COMPARATOR WITH 
HYSTERESIS 
+ Vec 


Rref 


R2 = R1//Rret 


Amount of Hysteresis Vy 


R2 


V4.3 —— 
H” R2+ R3 


(VOmax - VOmin) 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Ta = +25°C (each comparator) unless otherwise noted.) 


FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE 


-25 0 25 50 75 100 
Ty. AMBIENT TEMPERATURE (°C) 


FIGURE 5 — INPUT BIAS CURRENT 


tip. INPUT BIAS CURRENT (nA) 


Vec (Vde) 


FIGURE 6 — OUTPUT SINK CURRENT versus 
OUTPUT SATURATION VOLTAGE 


1g. OUTPUT CURRENT (mA} 


Vgat. QUTPUT SATURATION VOLTAGE (mV) 
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LM139,A, LM239,A, LM339,A, LM2901, MC3302 


FIGURE 7 — DRIVING LOGIC 


Vee 


Rs = Source Resistance 
R1= Rs 


Vcc 
LOGIC DEVICE Volts 


cmos |1/4mc14001 


FIGURE 8 — SQUAREWAVE OSCILLATOR 


Voc >av 


T1=T2= 0.69 RC 
coms 
C (uF) 
R2=R3= R4 
R1 = R2//R3//R4 


APPLICATIONS INFORMATION 


These quad comparators feature high gain, wide 
bandwidth characteristics. This gives the device oscil- 
lation tendencies if the outputs are capacitively coupled 
to the inputs via stray capacitance. This oscillation man- 
ifests itself during output transistions (VOL to VOY). To 
alleviate this situation input resistors < 10 kN should 
be used. The addition of positive feedback (<10 mV) is 


FIGURE 9 — ZERO CROSSING DETECTOR 
(Single Supply) 


O01 prevents input from going negative by more than 0.6 V. 


Ri+ R2= RB 


R3< for smali error in zero crossing 


R5 
10 


VIN 


also recommended. 

It is good design practice to ground all unused input 
pins. 

Differential input voltages may be larger than supply 
voltages without damaging the comparator’s inputs. 
Voltages more negative than —300 mV should not be 
used. 


FIGURE 10 — ZERO CROSSING DETECTOR 
(Split Supplies) 


Vinmin =0.4 V peak for 1% phase distortion (AW). 


VINmin 


VIN | 
Vec 
0) 
10k 
Vo 

Vec f 

| 
Vv .o) 

a Vee 2 | 

| Xo) 
| 
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MOTOROLA LM148 


a2 SEMICONDUCTOR ox LM248 
TECHNICAL DATA LM348 


(QUAD MC1741) 
DIFFERENTIAL INPUT 
OPERATIONAL AMPLIFIERS 


(QUAD MC1741) 
OPERATIONAL AMPLIFIERS SILICON MONOLITHIC 


The LM148 series is a true quad MC1741. Integrated on a single INTEGRATED CIRCUIT 


monolithic chip are four independent, low power operational 
amplifiers which have been designed to provide operating charac- 
teristics identical to those of the industry standard MC1741, and 
can be applied with no change in circuit performance. In addition, 
the total supply current for all four amplifiers is comparable to J SUFFIX 
the supply current of a single MC1741. Other features include input CERAMIC PACKAGE 
offset currents and input bias currents which are much less than CASE 632 
the MC1741 industry standard. 

The LM148 can be used in applications where amplifier matching 
or high packing density is important. Other applications include high 


; 6: sedi ” N SUFFIX 
d ff lif id f lifiers. 
impedance buffer amplifiers and active filter amplifiers PLASTIC PACKAGE 


Each Amplifier is Functionally Equivalent to the MC1741 
Low Input Offset and Input Bias Currents 

Class AB Output Stage Eliminates Crossover Distortion 
Pin Compatible with MC3503 and LM124 


True Differential Inputs 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


Internally Frequency Compensated 


Short Circut Protection 


Low Power Supply Current (0.6 mA/Amplifier) 


EQUIVALENT CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


is 


INVERTING 
INPUT 


(Top View) 


ORDERING INFORMATION 
aes renee aoe 
LM148J —55 to +125°C Ceramic DIP 
LM248J e Ceramic DIP 

LM248N Reha tie Plastic DIP 


LM348D $0-14 
LM348J Oto +70°C Ceramic DIP 
LM348N Plastic DIP 
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LM148, LM248, LM348 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating LM248/LM348 
+18 
22 -18 


Continuous 


-55to +125|-25to +85] Oto+70 | °C 


Storage Temperature Range °C 
Ceramic Package -65 to + 150 
Plastic Package -—55 to +125 


Junction Temperature 
Ceramic Package 
Plastic Package 


—_ 


Input Offset Voltage 
(Rg < 10 k) 


Input Offset Current 


w 


Input Bias Current 


~~ 


_ Input Resistance 
Common Made Input Voltage Range +12 


Channel Separation 
(f = 1.0 Hz to 20 kHz) 


~ 
~ 


Supply Voltage Rejection Ratio 
(Rg < 10k) 

Output Voltage Swing 
(RL = 10 k) +13 
(RL > 2k) +12 

25 


d 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VEE =-15 V, Ta = *Thigh to Tiow unless otherwise noted) 


za 

aaa 

as 

ae 

Input Offset Current es 
LM148 
LM248 
LM348 


Input Bias Current 


LM148 
LM248 
LM348 


Large Signal Voltage Gain 
(RL = 2k, Vo =+10 V) 

Common Made Rejection Ratio 
(Rg < 10k) 

Supply Voltage Rejection Ratio 
(Rg < 10k) 


Output Voltage Swing Vo 
(Ry = 10k) 
(RL 2 2k) +10 


“Thigh = 125°C for LM148, 85°C for LM248, and 70°C for LM348. Tow = ~55°C for LM148, -25°C for LM248, and 0°C for LM348. 


NOTE: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted 
or the maximum junction temperature will be exceeded. 


nN 
pS 


3.6 
Ba 


+12 

+10 
70 
77 

+12 
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LM148, LM248, LM348 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted). 


FIGURE 1 — POWER BANDWIDTH 


(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 
*r 7 TIno LIU ihre 

_ 24 +100 

a 

2 am 

w 20 a 

< z 

a 16 7 

> wu 

5 <q 

& 12 a 

> o 

S z= 

So 80 c=] 

> .- 

4.0 
0 
10 100 1.0k 10k 100 k 1.0 10 100 1.0 k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 3 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 4 — NEGATIVE OUTPUT VOLTAGE SWING 


versus LOAD RESISTANCE versus LOAD RESISTANCE 


Vg. OUTPUT VOLTAGE (Vp-p) 
Vo, OUTPUT VOLTAGE (Vp-p) 


a : 
100 200 500 700 1.0k 2.0k 5.0k7.0k 10k 100 200 500 700 1.0k 2.0k 5.0k 7.0k 10k 
Ri, LOAD RESISTANCE (OHMS) RL, LOAD RESISTANCE (OHMS) 


FIGURE 5 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 


Vo, OUTPUT VOLTAGE SWING (Vp.p) 


0 10 #20 30 40 50 60 70 8.0 869.0 10 
RL, LOAD RESISTANCE (kSQ 
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LM148, LM248, LM348 


FIGURE 7 — OPEN LOOP VOLTAGE GAIN 
FIGURE 6 — NONINVERTING PULSE RESPONSE versus SUPPLY VOLTAGE 


100 


5.0 V/DIV 


Ay, VOLTAGE GAIN (dB) 


10 us/DIV 70 
0 20 40 6.0 8.0 10 12 14 16 18 20 
Vcc. IVEEI, SUPPLY VOLTAGES (VOLTS) 


APPLICATIONS INFORMATION 


FIGURE 8 — VOLTAGE REFERENCE FIGURE 9 — WIEN BRIDGE OSCILLATOR 


Vo 


MC 1403 


FIGURE 10 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 11 — COMPARATOR WITH HYSTERESIS 


Hysteresis 


a 


Vint ! VinH 
Vref 


Vv (VoL — Vret) + Vret 


_ Rt 
int” R1+R2 


Rt 
VinH = Ryan (YOH — Vref) + Vref 
Hae EP oy Vou 

Ri+R2) CH™ NOL 


@g = C (1 + a+b) (e2 - e1) 
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LM148, LM248, LM348 


FIGURE 12 — HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER 


FIGURE 13 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


1 
Vv = -vV 
ref 2 cc 
Vref 


Square Wave 
Output 


FIGURE 14 — BI-QUAD FILTER 


fg = 1kHz 
Veet - 
Q=10 
Bandpass Vref 
Output Tee = 1 
Tu=1 


ct 


R = 160kQ2 (———@ Notch Output 
C= 0.001 uF 1 
R1= 1.6M2Q Vref = > Vcc 
R2=1.6MN Veet Where Tgp = Center Frequency Gain 
R3=16MN Tn = Passband Notch Gain 
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LM148, LM248, LM348 


FIGURE 15 — ABSOLUTE VALUE DVM FRONT END 


MSD6150 


1M Common 


Mode Adjust _ 


LM148 Quad Op-Amp 
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MOTOROLA 


m= SEMICONDUCTOR xy 


TECHNICAL DATA 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 


Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VEE, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MC 1558 dual operational 
amplifier. The LM158 Series is equivalent to one-half of an LM124. 

These amplifiers have several distinct advantages over standard 
Operational amplifier types in single supply applications. They can 
Operate at supply voltages as low as 3.0 Volts or as high as 32 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 

Short Circuit Protected Outputs 

True Differential [nput Stage 

Single Supply Operation: 3.0 to 32 Volts 

Low Input Bias Currents 

Internally Compensated 

Common Mode Range Extends to Negative Supply 
Single and Split Supply Operation 

Similar Performance to the Popular MC 1558 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted) 


Power Supply Voltages 
Single Suppl y 
Split Supplies 


Input Forward Current (3) 
(Vy <-03 Vv) 


t 
Junction Temperature T 
Ceramic and Metal Packages 
Plastic Package 


Storage Temperature Range Tstg 
Ceramic and Metal Packages ~65 to +150 
Plastic Package -55 to +125 


J 
Operating Ambient Temperature Range Ta 
LM158 -55 to +125 
LM258 -25 to +85 
LM358 0to+70 
LM2904 = 


NOTES: 
(1) Split Power Supplies. 
(2) For Supply Voltages less than 32 V for the LM158/258/358 and 26 V for the LM2904, 
the abso!tute maximum input voltage is equal to the supply voitage. 
(3) This input current will only. exist when the voltage is negative at any of the input leads. 
Normal output states will reestablish when the input voltage returns to a vOltage greater 
than -0.3 V. 


LM158, LM258, 


LM358, LM2904 


DUAL DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Vv 


Cc] 
OutputA Output B 


(ny 7) 
@) @ (8) 


(Top View) 


H SUFFIX 
METAL PACKAGE Vee/Gna 
CASE 601 


J SUFFIX 
CERAMIC PACKAGE 
CASE 693 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
S PLASTIC PACKAGE 
3 a CASE 751 


(SO-8) 


Inputs B 


(Top View) 


ORDERING INFORMATION 


Temperature 
Package 


Device Range 


—— 


~55 to + 125°C 


LM158H Metal Can 
LM158J 
LM2904D 
LM2304N 


LM2904J 


Ceramic DIP 


—40 to + 105°C 


Plastic DIP 


Ceramic DIP 


—40 to + 85°C 
LM2904H Metal Can 
LM258D S$O-8 
LM258H Metal Can 
25 to +85°C 
LM258J Ceramic DIP 
| 
LM258N Plastic DIP = 
| LM358D SO-8 
LM358H Metal! Can 


Oto +70°C Se 


LM358J Ceramic DIP 
LM358N Plastic DIP | 
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LM158, LM258, LM358, LM2904 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted) 


LM358 
Characteristic Symbol 


input Offset Voltage Vio 
Vcc = 5.0 v to 30 V (26 V for LM2904), 
Vic =OVtoVcc-1.7V,VQg9=14V,Rg=02 
Ta = 25°C 
Ta = Thigh tO Tiow (Note 1) 


Ta = Thigh tO Tiow (Note 1) 
input Offset Current 0 
PM iactnmoronwewn | | 
TA= Thigh to Tigw (Note 1) 
Input Bias Current — 
Ta = Thigh to Tlow (Note 1} ee - 


Input Common-Mode Voltage Range (Note 2) 
Vec = 30 Vv (26 V for LM2904) 
Voc = 30 V (26 V for LM2904), Ta = Thigh to Tlow 


Differential Input Voltage Range VioR 


Large Signal Open-Loop Voltage Gain 
Ryu = 20k2,Vcoc = 15 V, For Large Vo Swing, 
Ta = Thigh to Tiow (Note 1) 


Channel Separation 
1.0 kHz < f < 20 kHz, Input Referenced 


Common-Mode Rejection Ratio 
Rg < 10k 


LM2904 
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Output Voltage Range VOR [Peres | 
RL =2k2 (RL > 10 k& for LM2904) 
Output Voltage—High Limit (Ta = Thigh to Tiow) (Note 1) VOH 


Voc = 30 V (26 V for LM2904), Ry = 2kQ2 
Voc = 30 V (26 V for LM2904), RE = 10 k2 


Voc =5.0V,Ry_ = 10k2, Ta = Thigh tO Tiow (Note 1) 
Output Source Current lo+ 
Vip =+10V,Vcec=15 V 

Output Sink Current 
Vip =-1.0V,V¢ec=15V 
Vip = -1.0 V, Vo = 200 mv 
Output Short Circuit to Ground (Note 3) 
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Power Supply Current (Ta = Thigh to Tigw) {Note 1) 
Voc = 30 V (26 V for LM2904), Vg =O V, Ry, = 
Vec =5V, Vg =0V,RL=& 


NOTES: 

(1) Tiow = —55°C for LM158 Thigh = + 125°C for LM158 
= ~40°C for LM2904 = +105°C for LM2904 
= —25°C for LM258 = +85°C for LM258 
= 0°C for LM358 = +70°C for LM358 


(2} The input common-mode voltage or either input signal voltage 
should not be allowed to go negative by more than 0.3 V. The 
upper end of the common-mode voltage range is Vcc — 1.7 V. 


(3) Short circuits from the output to Vcc can cause excessive heating 
and eventual destruction. Destructive dissipation can result from 
simultaneous shorts on ail amplifiers. 


SINGLE SUPPLY SPLIT SUPPLIES 


3.0 V to Voc (Max) 
i Vcc 


= 1.5 V to Voc (Max) 


= 1.5 V to Veg (Max) 
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1 V/Div. 


LM158, LM258, LM358, LM2904 


REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 


(One-Half of Circuit Shown) Output 


ery 


d 


LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 


6.0 bs/Div. 


Common to Both 


Amplifiers 


© VeE/Gnd 


CIRCUIT DESCRIPTION 


The LM158 Series is made using two internally com- 
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists Of a standard current source load amplifier stage. 
' Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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LM158, LM258, LM358, LM2904 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT VOLTAGE RANGE 
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FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE 
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FIGURE 5 — POWER SUPPLY CURRENT versus 
POWER SUPPLY VOLTAGE 
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Voc, POWER SUPPLY VOLTAGE (VOLTS) 


icc, POWER SUPPLY CURRENT (mA) 


FIGURE 2 — OPEN LOOP FREQUENCY 
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FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER 


PULSE RESPONSE 
(Non-Inverting) 


Vec= OV 
Vee = Gnd 

Ta = 25°C 
C. = 50 pF 


Vo, OUTPUT VOLTAGE (mv) 


Q 
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t, TIME (us) 


FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


lig, INPUT BIAS CURRENT (nA) 
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MOTOROLA LINEAR/INTERFACE DEVICES 


2-79 


LM158, LM258, LM358, LM2904 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR 


R1 


Vo Vref 


MC1403 


fe 2 
Oo 27RC 


For fgo= 1kHz 


R1 R= 16k 
Vo=2.5 Midst a) C= 0.01 wr 
FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 —- COMPARATOR WITH HYSTERESIS 
Hysteresis 
VOH i 
R1 ; 
Vret O Vo 
O 
Vin O Yo 
Vv 
or Vint | Vino 
Vref 
RI 
Vin = RivAe (VOL ~ Vref) * Vref 
R1 
MiG ereccgp = tate et 
@g = C (1 + a +b) (e2 - eT) Ri 
* Ble Rp \YOH~ You 
R1+R2 
FIGURE 11 — BI-QUAD FILTER 
4 oe 1 
oO” 2m7RC 
R1=QR 
Vin R1 1 
R2 = —— Vref = 5 Vcc 
8P 
R3=T. R2 
c1=10C 
View For fo = kHz 
a=10 
Bandpass Vref 
Output Tpp=1 
Ty=1 
ci 
(——— notch Output R= 160k 
C = 0.001 wr 
R1=1.6MQ2 
Vref Where Tgp = Center Frequency Gain R2=1.6MQ 
Thy = Passband Notch Gain R3=1.6M2 
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LM158, LM258, LM358, LM2904 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 —- FUNCTION GENERATOR 


1 Triangle Wave R2 
Vret = > Vee Output 


Vref Square 


Wave 
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4CRyR1 
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“ R2+R1 
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FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER 


R1 


1 
= Vret Vref = 5 Vcc 


Given fg = Center Frequency 
A(fg) = Gain at Center Frequency 


Choose Value fg, C 


Then 
_ a 
tfc 
_ RB 
~ 2 Alf) 
R1R3 
R2 


“ao2R1— R3 


For less than 10% error from operational amplifier 


Qo fo : 
= <0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with voltage 
follower buffer to stabilize filter parameters. 
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LM193 LM193A 


MOTOROLA LM293 LM293A 
Zz et ee Oe 
SEMICONDUCTOR LM393 LM393A 
LM2903 
SINGLE SUPPLY, LOW POWER, LOW OFFSET VOLTAGE DUAL COMPARATORS 


DUAL COMPARATORS 
: . au SILICON MONOLITHIC 
The LM193 series are dual independent precision voltage INTEGRATED CIRCUIT 
comparators capable of single-or split-supply operation. These 
devices are designed to permit a common mode range-to-ground 
level with single-supply operation. Input offset-voltage 
specifications as low as 2.0 mV make this device an excellent 
selection for many applications in consumer automotive, and 
industrial electronics. H SUFFIX 
, ; METAL PACKAGE 
@ Wide Single-Supply Range — 2.0 Vdc to 36 Vdc 
Split-Supply Range — +1.0 Vdc to +18 Vdc 
Very Low Current Drain Independent of Supply Voltage —0.4 mA 


Low Input Offset Current — 5.0 nA 


Low Input Offset Voltage — 2.0 mV (max) LM193A/293A/393A 
— 5.0 mV (max) LM193/293/393 Inputs B 


@ Input Common Mode Range to Ground Level 


e 
e@ 
@ Low Input Bias Current — 25 nA 
@ 
e 


@ Differential Input Voltage Range Equal to Power Supply Voltage 


@ Output Voltage Compatible with DTL, ECL, TTL, MOS and CMOS 
Logic Levels 


(Top View) 


N SUFFIX 
PLASTIC PACKAGE 


FIGURE 1 — CIRCUIT SCHEMATIC CASE 626 


(Diagram shown is for 1 comparator) 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 


+Input -Input Output 


(Top View) 


ORDERING INFORMATION 


Temperature 
Range Package 

LM193AH,H —55 to + 125°C 

25 to +85°C 
LM293D 
LM393D oto+70c 8=| sos | 
LM393AN,N Plastic DIP 
Te on 

—40 to + 105°C : 
LM2903N Plastic DIP 
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LM193,A, LM293,A, LM393,A, LM2903 


MAXIMUM RATINGS 


Power Supply Voltage +36 or +18 


Input Differential Voltage Range 36 


Input Common Mode Voltage Range -0.3 to +36 
Input Current (2) 

(Vin < —0.3 Vdc) 
Output Short Circuit-to-Ground Continuous 
Output Sink Current (1) 20 
Power Dissipation @ Ta = 25°C 

Plastic DIP D 570 


Derate above 25°C 5.7 
Metal Can Pp 830 
Derate above 25°C 6.64 


Operating Ambient Temperature Range 
LM193, 193A —55 to +125 
LM293, 293A —25 to +85 
LM393, 393A Oto +70 
LM2903 —40 to +105 


Maximum Operating Junction Temperature 
LM393, 393A, 2903 425 
LM193, 193A, 293, 293A 150 


Storage Temperature Range 


“ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vic; *Thow < Ta < Thigh unless otherwise stated.) 


Characteristic 
Input Offset Voltage (3) 
Ta = 25°C 
Tiow < TA = Thigh 
Input Offset Current 
Ta = 25°C 
TlowS TAS Thigh 
Input Bias Current (4) 
Ta = 25°C 
Tiow < TA & Thigh 
Input Common Mode Voltage Range (5) 
Ta = 25°C 
Tow $ TAS Thigh 
Voltage Gain 
Ry > 15 kQ, Voc = 15 Vde, Ta = 25°C 


Large Signal Response Time 
Vin = TTL Logic Swing, Vref = 1.4 Vde 


Vat = 5.0 Vde, Ry = 5.1 kQ, Ta = 25°C 


Response Time (5) 
Vac = 5.0 Vdc, R, = 5.1 kO, Ta = 25°C 


Input Differential Voltage (7) 
All Vin 2 Gnd or V- Supply (if used) 
Output Sink Current 
Vin- = 1.0 Vde, Vins = 0 Vde, Vo < 1.5 Vde 
Ta = 25°C 
Output Saturation Voltage 
Vin- = 1.0 Vdc, Vins = 0, Isink < 4.0 mA, Ta = 25°C 
Tlow S$ TAS Thigh 
Output Leakage Current 
Vin- = 9 V, Vin+ 2 1.0 Vde, Vg = 5.0 Vde, Ta = 25°C 
Vin_= OV, Vins 2 1.0 Vde, Vo = 30 Vae, 
Tiow S$ TAS Thigh 
Supply Current 
Ri = 2 Both Comparators, Ta = 25°C 
Ry. = x Both Comparators, Vcc = 30 V 


as 
83 
4 
< 


*LM193/193A — Tiow = 55°C, Thigh 
LM293/293A — Tlow 
LM393/393A — Tigw 

LM2903 — Tiow 


+ 125°C 
— 25°C, Thigh = +85°C 
O°C, Thigh = +70°C 

— 40°C, Thigh = + 105°C 
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LM193,A, LM293,A, LM393,A, LM2903 


ELECTRICAL CHARACTERISTICS 


Characteristic 


(Vcc = 5.0 Vde; *Tigw < TAS Thigh unless otherwise stated.) 


LM193 LM293, LM393 LM2903 


Input Offset Voltage (3) 
Ta = 25°C 
Tlow S TA S Thigh 


Input Offset Current 
Ta = 25°C 
Tlow S Ta S Thigh 


Input Bias Current (4) 
Ta = 25°C 
Tow S Ta S Thigh 


Input Common Mode Voltage 
Range (4) 
Ta = 25°C 
Tow $ TAS Thigh 


Voltage Gain 
Ri > 15k, Vec= 15 Vde, 
Ta = 25°C 


Large Signal Response Time 
Vin = TTL Logic Swing, 
Vref = 1.4 Vde 
VAL = 9.0 Vde, RL = 5.1 kQ, 
Ta = 25°C 


Response Time (6) 
Veit = 9.0 Vde, RL = 5.1 kQ, 
Ta = 25°C 


Input Differential Voltage (7) 
All Vin 2 Gnd or V- Supply 
(if used) 


Output Sink Current 
Vin- = 1.0 Vde, Vins = 0 Vde, 
Vo < 1.5 Vde Ta = 25°C 
Output Saturation Voltage 
Vin- = 1.0 Vde, Vins = 0, 
Isink < 4.0 mA, Ta = 25°C 
Tlow S TA S Thigh 


Output Leakage Current 
Vin- =O V, Vint 2 1.0 Vdc, 
Vo = 5.0 Vde, Ta = 25°C 
Vin- = 0 V. Vins 2 1.0 Vdc, 
Vo = 30 Vdc, 
Tow S$ TAS Thigh 


Supply Current 
RL = 2% Both Comparators, 
Ta = 25°C 
RL = 9 Both Comparators, 
Vec=30V 


*LM193/193A — Tigw = -55°C, Thigh = +125°C 
LM293/293A — Tigw = -25°C, Thigh = +85°C 
LM393/393A — Tiow = 0°C, Thigh = +70°C 


NOTES: 

(1) The max. output current may be as high as 20 mA, independent of 
the magnitude of Vcc, output short circuits to Vcc can cause ex- 
cessive heating and eventual destruction. 

(2) This magnitude of input current will only occur if the input leads are 
driven more negative than ground or the negative supply voltage. 
This is due to the input PNP collector base junction becoming for- 
ward biased, acting as an input clamp diode. There is also a lateral 
PNP parasitic transistor action on the IC chip. This phenomena can 
cause the output voltage of the comparators to go to the Vcc voltage 
level (or ground if overdrive is large) during the time the input is 
driven negative. This will not destroy the device and normal output 
states will recover when the inputs become > —0.3 V of ground or 
negative supply. 

(3) At output switch point, Vo = 1.4 Vdc, Rg = 0 2 with Vcc from 5.0 
Vdc ta 30 Vdc, and over the full input common-mode range (0 volts 
to Vcc = —1.5 volts) 


(4) Due to the PNP transistor inputs, bias current will flow out of the 
inputs, this current is essentially constant independent of the output 
state, therefore, no loading changes will exist on the input lines. 

(5) Input common mode of either input should not be permitted to go 
more than 0.3 V negative of ground or minus supply. The upper limit 
of common mode range is Vcc ~ 1.6 V. 


(6) Response time is specified with a 100 mV step and 5.0 mV of ov- 
erdrive. With larger magnitudes of overdrive faster response times 
are obtainable. 

(7) The comparator will exhibit proper output state if one of the inputs 
become greater than Vcc, the other input must remain within the 
common mode range. The low input state must not be less than 
—0.3 volts of ground of minus supply. 
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LM193,A, LM293,A, LM393,A, LM2903 


TYPICAL PERFORMANCE CHARACTERISTICS 


LM193,A/293,A/393,A LM2903 
FIGURE 2 — INPUT BIAS CURRENT versus FIGURE 5 — INPUT BIAS CURRENT versus 
POWER SUPPLY VOLTAGE POWER SUPPLY VOLTAGE 
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Vcc. SUPPLY VOLTAGE (Vdc) Vcc. SUPPLY VOLTAGE (Vdc) 
FIGURE 3 — OUTPUT SATURATION VOLTAGE FIGURE 6 — OUTPUT SATURATION VOLTAGE 
versus OUTPUT SINK CURRENT versus OUTPUT SINK CURRENT 
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LM193,A, LM293,A, LM393,A, LM2903 


APPLICATIONS INFORMATION 


These dual comparators feature high gain, wide bandwidth It is good design practice to ground all unused pins. 
characteristics. This gives the device oscillation tendencies if Differential input voltages may be larger than supply voltage 
the outputs are capacitively coupled to the inputs via stray without damaging the comparator’s inputs. Voltages more 
capacitance. This oscillation manifests itself during output negative than —0.3 V should not be used. 


transitions (VOL to VoH). To alleviate this situation input re- 
sistors < 10 kf. should be used. The addition of positive feed- 
back (< 10 mV) is also recommended. 


FIGURE 8 — ZERO CROSSING DETECTOR FIGURE 9 ~ ZERO CROSSING DETECTOR 
(Single Supply) (Split Supplies) 


+15 V 


Vinmin ~0.4 V peak for 1% phase distortion (<Q). 


Vin 

*Vec 
10k 
Vv 
Vin 2 
LM193 Vee 
= = Vo © 

D1 prevents input from going negative by more than 0.6 V. -VEE 

R1+ R2= R3 ~VEE 

R3< al for small error in zero crossing 
FIGURE 10 — FREE-RUNNING SQUARE-WAVE OSCILLATOR FIGURE 11 — TIME DELAY GENERATOR 
vec | | | | Vcc Vcc 


—- t —» 


RL 
10 k 


vo 


oe ; 
“ON” fort = to + At VO | i | 


where: 
= at = RC fn(_Vret_) 
Vcc 


t-e 


FIGURE 12 — COMPARATOR WITH HYSTERESIS 


Vcc 
RS . a 
LM193 
+ 
Vref 
R41 R2 
Rs = R14 R2 
Vint = Veet + NOS Nref Ft 
thi = Mref + ayy R2 + AL 
(Vref — VO Low) R1 
= Vref — 2 —__-——— 
Vth2 = Vref ~ eyo + RL 
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MOTOROLA 
= SEMICONDUCTOR soya 
TECHNICAL DATA 


INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 


A general purpose operational amplifier series well suited for OPERATIONAL AMPLIFIER 
applications requiring lower input currents than are available with SILICON MONOLITHIC 
the popular MC1741. These improved input characteristics permit INTEGRATED CIRCUIT 
greater accuracy in sample and hold circuits and long interval 
integrators. 


@ Internally Compensated 

© Low Offset Voltage: 7.5 mV max 

@ Low Input Offset Current: 50 nA max 
@ Low Input Bias Current: 250 nA max 


N SUFFIX 


PLASTIC PACKAGE 
CASE 626 


TYPICAL APPLICATION 
HIGH IMPEDANCE BRIDGE AMPLIFIER PIN CONNECTIONS 


Vo = - 10 Vin 


4 Vee 
4 
0 \ 
O Null 
Adjust 
VEE O4 


Pins not shown are not connected 


LM307N O°c to + 70°C Plastic DIP 


CIRCUIT SCHEMATIC 


EQUIVALENT CIRCUIT 


ie io 
ok , Pins 1, 5, and 8 
OVEE 


no connection. 
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LM307 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Ra | mb | 


Power Supply Voltages Vcc +18 Vde 
VEE ~18 


Gutput ShortGieit raion —SSSS~dC tn 
[Power Dissipation (Package Limtaion)(Note2) | Pp | 600 | mW 
sewage Temperature Renge +d tay | =t5m +180 0] 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted, see Note 3.) 


Input Offset Voltage 
Rg < 50 kf, Ta = + 25°C 
Rg < 50 kf, Ta = Tigw to Thi 
Input Offset Current 
Ta = +25°C 
Ta = Tlow to Thig 


It 1+ =" 
On 


= 
co) 


Input Bias Current 
Ta = +25°C 
Ta = Tow t0 Thigh 


nA 
250 
300 


= 


< 


Input Resistance 


Supply Current 

Vg = +15V,Ta = +25°C 
Large-Signal Voltage Gain 
+10 V, Ry > 2.0 kO, Ta = 
+10 V, RL > 2.0 k2, Ta 


Average Temperature Coefficient of Input Offset Voltage TCVIo 
Tow = TA = Thigh 
Average Temperature Coefficient of Input Offset Current 
+ 28°C < Ta < Thigh 
Tiow = Ta < +25°C 


tot 


TClio 


0.01 


Output Voltage Swing (Ta = Tlow to Thigh) 
Vg = +15V,RL = 10kO 
RL = 2.0 ka 


Input Voltage Range (Ta = Tiow to Thigh) 


Vs = +15V 
Common-Mode Rejection Ratio (Ta = Tlow to Thigh) CMRR 
Rg < 50 kO 


Supply-Voltage Rejection Ratio (Ta = Tiow to Thigh) 
Rg < 50 ko 


Symbols conform to JEDEC Engineering Bulletin No. 1 when applicable. 


+ = ~) nd = 
yo 2 N 
oso On 

< 
= 
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/< é 
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I+ 
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NOTES: 
1. For supply voltages less than + 15 V, the absolute maximum input The H package is derated based on a thermal resistance of + 150°C/ 
voltage is equal to the supply voltage. W, junction to ambient, or + 45°C/W, junction to case. 
2. For operating at elevated temperatures, the device must be derated 3. Unless otherwise noted, these specifications apply for: 
based on a maximum junction temperature of 100°C for the LM307. *5.0 V < Vcc/VEE = +15, Tlow = 0°C, Thigh = +70°C 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-88 


LM307 


TYPICAL CHARACTERISTICS 
(Vcc = +15 V, Veg = —15V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — MINIMUM INPUT VOLTAGE RANGE FIGURE 2 — MINIMUM OUTPUT VOLTAGE SWING 
20 r r 
Applies over specified [ T T | id Applies over specified y I 7 
Operating Temperature + + + Operating Temperature ee aie cree Nees erie wel 
Range ; Range 
16 -—~ 16 +- + 
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| 
+ + r 

4. 


8.0 


40 


Vin Ry INPUT VOLTAGE RANGE (VOLTS) 
Vo, OUTPUT VOLTAGE SWING ( + VOLTS) 


Negative 
+ 


0 5.0 10 5 20 0 5.0 10 5 20 
Vec AND (~ Vee), SUPPLY VOLTAGE (VOLTS) Vcc AND ( ~ Veg), SUPPLY VOLTAGES (VOLTS) 
FIGURE 3 — MINIMUM VOLTAGE GAIN FIGURE 4 — TYPICAL SUPPLY CURRENTS 
100 


Applies over specified 
Operating Temperature 
Range 


Ay, VOLTAGE GAIN (dB) 
ao 


\cc AND Igg, SUPPLY CURRENTS (mA) 


0 5.0 10 15 20 0 5.0 10 1§ 20 
Vcc AND ( — Veg), SUPPLY VOLTAGES (VOLTS) Vcc AND { - Veg), SUPPLY VOLTAGES (VOLTS) 
FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE 
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LM307 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — VOLTAGE FOLLOWER PULSE RESPONSE 
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MOTOROLA 


= SEMICONDUCTOR EEE 
TECHNICAL DATA 


DUAL OPERATIONAL 
AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


DUAL, LOW NOISE, AUDIO 
OPERATIONAL AMPLIFIER 


The LM833 is a standard low-cost monolithic dual general- 
purpose operational amplifier employing Bipolar technology with 
innovative high-performance concepts for audio systems appli- 
cations. With high frequency PNP transistors, the LM833 offers 
low voltage noise (4.5 nV/\/Hz), 15 MHz gain bandwidth product, 
7.0 V/us slew rate, 0.3 mV input offset voltage with 2.0 wV/°C 
temperature coefficient of input offset voltage. The LM833 output 
stage exhibits no deadband crossover: distortion, large output 
voltage swing, excellent phase and gain margins, low open-loop 


high frequency output impedance and symmetrical source/sink 
ac frequency response. 

The LM833 is specified over the vehicular temperature range 
and is available in the plastic DIP and SO-8 packages (P and D 
suffixes). For an improved performance dual/quad version, see 
the MC33079 family. 

Low Voltage Noise: 4.5 nV/\/Hz 

High Gain Bandwidth Product: 15 MHz 
High Slew Rate: 7.0 V/us 

Low Input Offset Voltage: 0.3 mV 

Low T.C. of Input Offset Voltage: 2.0 nV/°C 
Low Distortion: 0.002% 

Excellent Frequency Stability 

Dual Supply Operation 


MAXIMUM RATINGS 


a a oe 
i 


Vs 
| Output Short-Circuit Duration(2) | tg | indefinite _| Seconds} 
Maximum Power Dissipation|2) | Pp {| so03) =| mw | 


NOTES: 
1. Either or both input voltages must not exceed the magnitude of Vcc or VEE 
2. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not 
exceeded (See power dissipation performance characteristic). 
3. Maximum value at Ta < 85°C. 


1 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626 


‘& 


1 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


PIN ASSIGNMENTS 


Dual, Top View 


ORDERING INFORMATION 


[oes] Temperatre Range 


Plastic DIP 
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LM833 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = 25°C unless otherwise noted). 


Characteristics 


Input Offset Voltage (Rg = 1002, Vo = 0V} 


Average Temperature Coefficient of Input Offset Voltage 
Rg = 109, Vo = OV, Ta = Tlow to Thigh 


Input Offset Current (Vcjy = OV, Vo = 0 V} 


Input Bias Current (Vc = OV, Vo = 0 V) 


= 2.0k0, Vip = 1.0V 
= 2.0 kO, Vip = 1.0 V 
= 10k, Vip = 1.0 V 
= 10 kQ, Vip = 1.0V 
+12 V) 


Common Mode Rejection (Vin = 


oi] 


— 
= 
Equivalent input Noise Voltage (Rg = 100 0, f = 1.0 kHz) | en | — | 45 | 
ian Geom 


Zz 
z 
Equivalent Input Noise Current (f = 1.0 kHz) 


| 05 | 
Power Bandwidth (Vo = 27 Vp-p, RL = 2.0 k®, THD < 1.0%) | swe | — [ 120 | — | kHe | 
ees 
a ee ee ee 


. 


FIGURE 1 — MAXIMUM POWER DISSIPATION FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE 
versus TEMPERATURE 
eee ae ee es 
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FIGURE 3 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE FIGURE 4 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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200 ad 
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5.0 10 15 20 0 5.0 10 15 20 
Vcc. \Vegl. SUPPLY VOLTAGE (VOLTS) Vcc. [VeE|, SUPPLY VOLTAGE (VOLTS) 
FIGURE 5 — DC VOLTAGE GAIN versus TEMPERATURE FIGURE 6 — DC VOLTAGE GAIN versus SUPPLY VOLTAGE 


Ayo, DC VOLTAGE GAIN (dB) 
Avot, DC VOLTAGE GAIN (dB) 


— 55 —25 0 25 50 75 100 125 5.0 10 15 20 
Ta, AMBIENT TEMPERATURE (°C) Vcc. |VeE|, SUPPLY VOLTAGE (VOLTS) 
FIGURE 7 — OPEN-LOOP VOLTAGE GAIN AND PHASE FIGURE 8 — GAIN BANDWIDTH PRODUCT 
versus FREQUENCY versus TEMPERATURE 
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an 


&, EXCESS PHASE (DEGREES) 


Avo, OPEN-LOOP VOLTAGE GAIN (dB) 
GBW, GAIN BANDWIDTH PRODUCT (MHz) 
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FIGURE 3 — GAIN BANDWIDTH PRODUCT versus 


SUPPLY VOLTAGE FIGURE 10 — SLEW RATE versus TEMPERATURE 
“J Vec = +15V 
= f = 100 kHz Veg = —15V 
5 Ta = 25°C RL = 20k0 
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FIGURE 11 — SLEW RATE versus SUPPLY VOLTAGE FIGURE 12 — OUTPUT VOLTAGE versus FREQUENCY 
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versus SUPPLY VOLTAGE versus TEMPERATURE 
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FIGURE 15 — POWER SUPPLY REJECTION 
versus FREQUENCY 


+PSR = 20L0g ( A¥OAoM 
AVcc 


ee | 
_ psp = AVo/ADM 
PSR = 20Log ( We 


1.0K 


PSR, POWER SUPPLY REJECTION (dB) 


10K 
f, FREQUENCY (Hz) 


FIGURE 17 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 


f, FREQUENCY (H2] 


FIGURE 19 — INPUT REFERRED NOISE CURRENT 
versus FREQUENCY 
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ar 


in, INPUT REFERRED NOISE CURRENT (pA/\/Hz} 


oO 
ht 


100K 


1.0K 
f, FREQUENCY (Hz) 


CMR, COMMON MODE REJECTION (dB) 


€n, INPUT REFERRED NOISE VOLTAGE (nV. Hz) 


€n, INPUT REFERRED NOISE VOLTAGE (nV/\/Hz) 


FIGURE 16 — COMMON MODE REJECTION 
versus FREQUENCY 


f, FREQUENCY (Hz) 


FIGURE 18 — INPUT REFERRED NOISE VOLTAGE versus 


FREQUENCY 
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Vec = +15V 
Vee = —15V 
Rs = 100 
Ta = 26°C 


1.0K 
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FIGURE 20 — INPUT REFERRED NOISE VOLTAGE 
versus SOURCE RESISTANCE 
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FIGURE 21 — INVERTING AMPLIFIER FIGURE 22 — NON-INVERTING AMPLIFIER SLEW RATE 


Vec = +15V i 
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| 5 


Vo, OUTPUT VOLTAGE (5.0 V/DIV} 
Vo, OUTPUT VOLTAGE (5.0 ViDIV) 


t, TIME (2.0 us/DIV 


FIGURE 23 — NON-INVERTING AMPLIFIER OVERSHOOT 
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LM2900, LM3900 For Specifications, See MC3301 Data. 
LM2901 For Specifications, See LM139 Data. 

LM2902 For Specifications, See LM124 Data. 

LM2903 For Specifications, See LM193 

LM2904 For Specifications, See LM158 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 


... designed for use in level detection, low-level sensing, and 
memory applications. 
@ Two Separate Outputs 
e@ Strobe Capability 
@ High Output Sink Current 
2.8 MA Minimum (Each Comparator) for MC1514 
1.6 mA Minimum (Each Comparator) for MC1414 
Differential Input Characteristics 
Input Offset Voltage = 1.0 mV for MC1514 
= 1.5 mV for MC1414 
Offset Voltage Drift = 3.0 wV/°C for MC1514 
= 5.0 pV/°C for MC1414 


Short Propagation Delay Time — 40 ns Typical 


Output Compatible with All Saturating Logic Forms 
Vo = +3.2 Vto —0.5 V Typical 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Common Mode Input Voltage Range 


Peak Load Current 


Power Dissipation (Package Limitation) 
Ceramic Dual In-Line Package 
Derate above Ta = 25°C 


Plastic Dual In-Line Package 
Derate above Ta = 25°C 


Operating Temperature MC1514 
MC1414 


Storage Temperature Range 


5.0 
Ta | -55to +125 
Oto +75 
~ 65 t0 + 150 


CIRCUIT SCHEMATIC 


Ve Strobe Strobe 
9 9 9 oV 
Ax 9 109 Vcc 


3 2 
ang $204 eu fam 
Vik wag 


C 


mas Tal 
or KOE 
Tas | | ta 


O5 
Non-Inverting 


SF He 


1 8 


Non-{ 


Outputs 


Rx = Low Resistance Value, usually < 100 2, not specified. 
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DUAL 
DIFFERENTIAL 
COMPARATOR 


(DUAL MC1710) 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


4 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1414 Only) 


D SUFFIX 


PLASTIC PACKAGE FE 

CASE 751A ~ ae” 

(SO-14) aa 
(MC1414 Only) 


PIN CONNECTIONS 


Inverting 
Input 


Non-Inverting 
Input 


Non-inverting 


Inverting 


MC1414, MC1514 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, VEE = —6.0 Vdc, Ta = 


25°C unless otherwise noted.) (Each Comparator) 


Characteristic 


Strobe Response Time (Figure 2) 


Tota! Power Supply Current, Both Comparators mAdc 


(Vo = 0) 


Typ p_| Max | 
Input Offset Voltage mVde 
(Vo = 1.4 Vde, Ta 0 2.0 
= 18 Vde, Ta = 3.0 
= 1.0 Vde, Ta 3.0 
Temperature Coefficient of Input Offset Voltage a a ee eee eee i em | pVIC 
Input Offset Current pAdc 
(Vo = 1.4 Vde, Ta = 25°C) 3.0 
(VQ = 1.8 Vde, Ta = Tiow) 7.0 
(VQ = 1.0 Vde, Ta = Thigh) 3.0 
Input Bias Current i) wAdc 
(Vo = 1.4 Vdc, Ta = 25°C) 20 
(Vo = 1.8 Vde, Ta = Tow) 45 
(Vo = 1.0 Vde, Ta = Thigh) 20 
Open Loop Voltage Gain Avol VN 
(Ta = 25°C) 1250 1700 
(Ta = Tlow to Thigh) 1000 
Output Resistance | Fo | me Ohms 
Differential Voltage Range va SS +5.0 se ee Vde 
High Level Output Voltage 4.0 2.5 3.2 4.0 Vde 
(Vip = 5.0 mV, 0 < Ig < 5.0 mA) fs 
Low Level Output Voltage Vdc 
(Vip = —5.0 mV, log = 2.8 mA) 
(Vip = —5.0 mV, log = 1.6 mA) ne 
Output Sink Current los 1.6 2.5 _ mAdc 
(Vip = —5.0 mV, VoL = 0.4 V, 
TA = Tow to Thigh) 
Input Common Mode Voltage Range VICR j +5.0 — —_ Vdc 
(Veg = —7.0 Vdc) 
Common-Mode Rejection Ratio CMRR 100 — 70 
(Veg = —7.0 Vdc, Rg < 200 2) 
Strobe Low Level Current lie mA 
(Vit = 9) 
Strobe High Level Current _ HA 
(ViH_ = 5.0 Vde) 
Strobe Disable Voltage are = — Vde 
(VoL < 0.4 Vdc) 
Strobe Enable Voltage 3.5 Vdc 
(VOH = 2.4 Vdc) 
Propagation Delay Time (Figure 1) Ee Ee 


3 


"Tow = —55°C for MC1514, 0°C for MC1414 
Thigh = + 125°C for MC1514, +75°C for MC1414 


FIGURE 1 — PROPAGATION DELAY TIME FIGURE 2 — STROBE RESPONSE TIME 


ein Strobe 
Fout ; 51 
<= 10ns = 10ns 
——— 3.0 V 
=v 95 mV 100 mV = \ 
1 I b 1 Input 10% as Vin Strobe 50% aw 
= 20 mV t tsr 
Vb = 95 mV - Vio 51 SO 
VOH : = aca cay —— VOH 
1 utpu ‘ 
Output 4 VoL p OV VoL 
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MC1414, MC1514 


TYPICAL CHARACTERISTICS 
(Each Comparator) 


FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS FIGURE 4 — INPUT OFFSET VOLTAGE versus TEMPERATURE 
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FIGURE 5 — INPUT OFFSET CURRENT versus TEMPERATURE FIGURE 6 — INPUT BIAS CURRENT versus TEMPERATURE 
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VOLTAGE FIGURE 8 — VOLTAGE GAIN versus TEMPERATURE 
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MC1414, MC1514 


FIGURE 9 — RESPONSE TIME FIGURE 10 — POWER DISSIPATION versus TEMPERATURE 
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FIGURE 11 — RECOMMENDED SERIES RESISTANCE versus 


MRTL LOADS FIGURE 12 — SINK CURRENT versus TEMPERATURE 
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TIME, 50 ns/div 
tWorst case condition shown — no load. 
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MOTOROLA 


2 SEMICONDUCTOR xy MC1436 
MC1436C 


TECHNICAL DATA 


with operating characteristics as a function of the external feedback 
components. 


@eeee0ee#e#e 


HIGH VOLTAGE, INTERNALLY COMPENSATED MC1536 
OPERATIONAL AMPLIFIER 


. designed for use as a summing amplifier, integrator, or amplifier 


Maximum Supply Voltage — +40 Vde (MC1536) OPERATIONAL AMPLIFIER 
Output Voltage Swing — 
+30 Vpk(min) (VCC = +36 V, Veg = -36 V) (MC 1536) 
£22 Vpk(min) (Vcc = +28 V, VEE = -28 V) SILICON MONOLITHIG 
Input Bias Current — 20 nA max (MC1536) INTEGRATED CIRCUIT 
Input Offset Current — 3.0 nA max (MC1536) 
Fast Slew Rate — 2.0 V/ps typ 
Internally Compensated 
Offset Voltage Null Capability G SUFFIX 
Input Over-Voitage Protection METAL PACKAGE 
AVOL — 900,000 typ cc. CASE 601 
Characteristics Independent of Power Supply Voltages — 
(+5.0 Vdc to + 36 Vdc) 


FIGURE 1 — DIFFERENTIAL AMPLIFIER WITH +20 V 
COMMON MODE INPUT VOLTAGE RANGE 


R2 
100 k 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 


MC1536 
MC1436,C 
Vo= 10(VgB-Va) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


D SUFFIX 
PLASTIC PACKAGE 


FIGURE 2 — TYPICAL NONINVERTING X10 CASE 751 


VOLTAGE AMPLIFIER 


79 +28 V 


MC 1536 
MC1436,C 


ORDERING INFORMATION 


Device Temperature Range Package 
MC1436CD,D $0-8 
MC1436P1,CP1 e ‘ Plastic DIP 
MC1436CG,G PEO Ae Metal Can 
MC1436CU,U Ceramic DIP 
MC1536G : 6 Metal Can 
MC1536U BEI NO EIARG 4 Geramis DIF 
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MC1436, MC1436C, MC1536 


MAXIMUM RATINGS (T 4 = +25°C unless otherwise noted) 


Power Supply Voltage 


Input Differential Voltage Range 
Input Common-Mode Voltage Range 
Output Short Circuit Ouration (Vcc = VEE = 28 Vdc, Vo = 


Power Dissipation (Package Limitation) 
Derate above Tq = +25°C 


Operating Ambient Temperature Range -55 to +125 [ Oto t70 [ Oto t70 +70 
-65 to +150 


Input Bias Current 
Ta = +25°C 
TA = Tiow tO Thigh (See Note 1) 
Input Offset Current 
Ta = +25°C 
Ta = +28°C to Thigh 
TA = Tlow to +25°C 
tnput Offset Voltage 
Ta = +25°C 
TA = Tloew t© Thig 
Differential Input impedance (Open-Loop, f <5.0 Hz) 
Paralle! Input Resistance 
Parallel Inout Capacitance 


Common-Mode Input Impedance (f $5.0 Hz) 


Input Common-Made Voltage Range cz +22 ps | =f ere] vo | | vx | 


Equivalent Input Noise Voltage nVi(H2)% 
(Ay = 100, Rs = 10k ohms, f = 1.0 kHz, BW = 4.0 Hz) 


Common-Mode Rejection Ratio (dc) 


Large Signal dc Open Loop Voltage Gain 
Ta = +25°C , 70,000 | 500,000) 50,000] 500,000 
(Vo =+10V, Ry = 10k ohms, Ta = +25°C) 200,000! 200,000 


STayeiiaieechiimctior oc = 


(Ay = 1, Ry = 5.0k ohms, THOS 5%, Vo = 40 Vp-p) 


El 
25 
12 

be 


pep ee 
Slew Rate (Unity Gain) 


Output Voltage Range (R, = 5.0 k ohms) 
Voc = +28 Vdc, Veg = -28 Vde 
Voc = +36 Vde, Veg * -36 Vde 


Power Supply Sensitivity (dc) 
VEE = constant, Rg $10 k ohms 
Vec = constant, R, S 10 k ohms 


DC Quiescent Power Consumption 


(Vy = 0) 
Note 1: Tigw: 0°C for MC1436,C Note 2: Vcc > Veg © 5.0 Vde to 36 Vde for MC 1536 
-55°C for MC1536 Vcc ~ VEE = §.0 Vdc to 30 Vdc for MC 1436" 
Thigh’ +70°C for MC1436,C Vcc - VEE * 5.0 Vde to 28 Vde for MC1436C 


+125°C for MC 1536 
Note 3: Either or both input voltages must not exceed the magnitude of Vcc or Veg +3.0 volts. 
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MC1436, MC1436C, MC1536 


FIGURE 3 — LOW-DRIFT SAMPLE AND HOLD FIGURE 4 — POWER BANDWIDTH 
+28 V 
3 
> 
w 
oO 
< 
SWITCH EB 
eo x 
te 
= 
= 
> 
aa 
10 ue y > 
[rove “Drift due to bias current 
SAMPLE Is typically 8 mV's 
COMMANDO = -28V 0 | | 
40 60 8.010 20 40 60 80100 200 400 
f, FREQUENCY (kHz) 
FIGURE 5 — PEAK OUTPUT VOLTAGE SWING versus FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE 
POWER SUPPLY VOLTAGE 

+140 

+120 

+100 


AVOL, VOLTAGE GAIN (dB) 
+ 
3 


Vo, QUTPUT VOLTAGE SWING (VOLTS PEAK) 


0 £10 £20 +30 +40 0 
Vcc/Veg, POWER SUPPLY VOLTAGE (Vdc) 1.0 10 100 1.0k = 10k = 100k = 1.0M = 10M «100M 
f, FREQUENCY (Hz) 
FIGURE 7 — OUTPUT SHORT-CIRCUIT CURRENT FIGURE 8 — INPUT BIAS CURRENT versus TEMPERATURE 
versus TEMPERATURE 


tg, INPUT BIAS CURRENT (NORMALIZED) 


Ios, GUTPUT SHORT-CIRCUIT CURRENT (mAdc) 


-75 -60 -25 0 +25 +50 +75 +100 «+125 -7§ -50 —25 U] +25 +50 +78 +100 +128 


Ta, AMBIENT TEMPERATURE (°C) 
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MC1436, MC1436C, MC1536 


FIGURE 9 — INVERTING FEEDBACK MODEL FIGURE 10 — NON-INVERTING FEEDBACK MODEL 


HF R3<< 21 


FIGURE 11 — AUDIO AMPLIFIER 


FIGURE 12 — VOLTAGE CONTROLLED CURRENT 
SOURCE OR TRANSCONDUCTANCE AMPLIFIER 
ang WITH 0 TO 40 V COMPLIANCE 
Voc = +30 Vde 


CURRENT ORAIN, 


Ip = 100 mAdc @ 
R1=512 
Dy, D2, D3 = 1N4001 
= Vx 2N3716 —--- COMMON 
OR Equiv HEAT SINK 


2n3766 | 


OR Equiv 
ia RL 


> 
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Vo = 48 Vp. 
2N3740 Q pp 
v On Eduiy $024 | Po = 72Wirms)@ Ry = 4. t lo 
‘ ak o4 - Po = 36 Wirms) @ RL = 822 Wr Bre 72 mA 
4 
if 1kg 1 POF Fro 4 -RIRTE {RB + RA) 
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4 VEE = -30 Vde 


FIGURE 13 — REPRESENTATIVE CIRCUIT SCHEMATIC FIGURE 14 — EQUIVALENT CIRCUIT 
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MOTOROLA 
# SEMICONDUCTOR oe 
TECHNICAL DATA 


MATCHED DUAL OPERATIONAL AMPLIFIERS 


DUAL MC1709 
OPERATIONAL AMPLIFIERS 


. . .designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. i{deai for chopper stabilized applications where ex- 
tremely high gain is required with excellent stability. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Typical Amplifier Features: 
@ High-Performance Open Loop Gain Characteristics — 
AVOL = 45,000 typical 
@ Low Temperature Drift — +3 uV/°C 


® Large Output Voltage Swing ~ 
+14 V typical @ + 15 V Supply 


MAXIMUM RATINGS (Ta = +25°C) 


Power Supply Voltage Vcc +18 Vdc 
VEE -18 Vde 


Differential Input Voltage Range VIDR 
Common-Mode !tnput Voltage Range VicR 
Output Short Circuit Duration ; 


Power Dissipation (Package Limitation 
Ceramic Package 
Derate above Tq = +25°C 
Plastic Package MC 1437P 
Derate above Ta = +25°C 


Operating Ambient Temperature Range Ta 
MC 1537 -55 to +125 
MC 1437 0 to +70 


Storage Temperature Range -65 to +150 % 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1437P Only) 


PIN CONNECTIONS 
—{f{[ “7 
[14] Vee 


13 Output 


t~ bag B 


input Lag A Output B 


5° 
OQ 


Input Lag A Input Lag B 


Inv. Input Input Lag B 


Non tnv. 
tnput 


Inv. Input 


~t Non Inv. 
VEE tnput 


Output 1 


Input Lag A 
Non-Inverting o 013 
Input 4 a, Output 1 
inverting Input o 9 
} 


14 
1 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


inverting Input o 


Non-Inverting 2 Output 2 
Input 2 o s =, tes 


2 Output 2 ORDERING INFORMATION 
Seeesne a 


| Device _| Temperature Range 


input Lago 


MC1437L : : Ceramic DIP 
MC1437P O°C to +70°C Plastic DIP 


MC1537L —55°C to +125°C | Ceramic DIP 
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ELECTRICAL CHARACTERISTICS — Each Amplifier (Vcc = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


MC 1437 
Typ 

Open Loop Voltage Gain 

(Ry =5.0k2,Vg=+10V, 

Ta= Tow M to Thigh ©) 
Output Impedance 

(f = 20 Hz) 
Input Impedance 

(f = 20 Hz) 
Output Voltage Range 

(Ry = 10 ks2) 

(Ro = 2.0k$2) 


Input Common-Mode Voltage Range 


Common-Mode Rejection Ratio 
Input Bias Current 
(Ta = +25°C) 
(Ta = Tiow @ ) 


Input Offset Current 
(lig = '4 - 19) 
Ng =!1-!2.TA = Tow) 
(hg = 11-12, Ta = Thigh@) 
Input Offset Voltage 
(Ta = +25°C) 


Ta = TlowM to Thigh @) 


Step Response 
Gain = 100, 5% overshoot, tTLH 
k$1, Ro = 100 kx, tPLHtPHL 
5 k22, Cy = 100pF, Co =3.00F I as 
10, 10% overshoot, tTLH 
k$2, Ro = 10k82, tPLH TPHL 
5 k&2, Cy = 500 pF, Cp = 20 pF ah 
= 1, 5% overshoot, } tTLH 
Ry = 10k22, Ro = 10k82, tPLHTPHL 
Rg = 1.5ks2,C; = $000 pF; Cp - 200pFt 3A 


Average Temperature Coefficient of 4V1i9/4T 
Input Offset Voltage 
(Rs = $022, Tp = Tlow @ to Thigh @) 
(Rg $10k82, Ta ~ Trew @ to Thigh @) 
Average Temperature Coefficient of 41iQ/4T 
Input Offset Voltage 
(Ta = Tow @ to +25°C) 
(Ta = +25°C to Thigh @ 


OC Power Consumption (Total) Pc 
(Power Supply = +15 V, Vg = 0) 
Positive Supply Sensitivity PSS+ 
(Veg constant) 
Negative Supply Sensitivity PSS- 
(Vee constant) 
® Tow = 0°C for MC1437 @ Thigh = +70%C for MC1437 


= -55°C for =¢ °C for 
MATCHING CHARACTERISTICS Rep ser MGte27 126°C for MC1537 


Open Loop Voltage Gain AvVOLt1-AVOL2 
Input Bias Current ‘ipitiBp2 


aaa ) - | - | Panel 
eo ie a | Ss 
aa aa ae se 
agree |p| -- p= | for 
; Ie ec oa ae ee fee Wl 


4 


Input Offset Voltage Vio1-Vio2 
Bes av av 
Average Temperature Coefficient | | — i= ee | 
Channel Separation £01 
(f = 10 kHz) —— 
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MC1437, MC1537 


TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 3 — TEST CIRCUIT 
Vec = +15 Vde, Veg = 15 Ve, Ta = 25°C 


TEST CONDITIONS 


Output 
Lag 


FIGURE 4 — LARGE SIGNAL SWING 


versus FREQUENCY FIGURE 5 — VOLTAGE GAIN versus FREQUENCY 
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FIGURE 6 — OPEN LOOP VOLTAGE GAIN FIGURE 7 — TOTAL POWER CONSUMPTION 
versus FREQUENCY versus POWER SUPPLY VOLTAGE 
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= S 
ws 60 Hy Si yeti Su = 
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8 40 Ds IN Wi 8 
di all = 
mil aml wel 4 \ a scorn oe 
25 Dall 2 DISSIPATION RESULTING FROM 
~ | MUST BE ADDED TO THE ABOVE 
CURVE 
0 Bai! 
10 100 10k 20k 5.0k 10k 100 k 1.0 40 60 80 10 #12 #&2£14 16 18 
f, FREQUENCY (Hz) Voc and Veg, POWER SUPPLY (Vdc) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 — VOLTAGE GAIN versus FIGURE 9 — COMMON INPUT SWING 
POWER SUPPLY VOLTAGE versus POWER SUPPLY VOLTAGE 


Avo. OPEN LOOP VOLTAGE GAIN (dB) 


CMVin, COMMON MODE VOLTAGE SWING (VOLTS) 


0 5.0 10 15 20 0 5.0 10 15 20 
Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 
FIGURE 10 — INPUT OFFSET VOLTAGE FIGURE 11 — OUTPUT NOISE VOLTAGE 
versus TEMPERATURE versus SOURCE RESISTANCE 
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FIGURE 12 — INDUCED OUTPUT SIGNAL 
(CHANNEL SEPARATION) versus FREQUENCY 


10,000 


1000 


100 


€92, INDUCED OUTPUT SIGNAL (uV/V) 


Induced output signal (uwV of induced output signal in 
100 amplifier #2 per volt of output signal at amplifier #1). 


f, FREQUENCY (Hz) 
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MOTOROLA 


= SEMICONDUCTOR eye 


TECHNICAL DATA 


UNCOMPENSATED OPERATIONAL AMPLIFIER 


... designed for use as a summing amplifier, integrator, or am- 
plifier with operating characteristics as a function of the external 
feedback components. 


Low Input Offset Voltage — 3.0 mV max 

Low Input Offset Current — 60 nA max 

Large Power-Bandwidth — 20 Vp-p Output Swing at 20 kHz min 
Output Short-Circuit Protection 

Input Over-Voitage Protection 

Class AB Output for Excellent Linearity 

High Slew Rate — 34 V/us typ 


FIGURE 1 — HIGH SLEW-RATE INVERTER 


100 k 
WA- 


5 
SR = 35/Vus 


+15 V-15 V 
Vec Vee 


FIGURE 2 — OUTPUT NULLING CIRCUIT 


10 k <Rg <100(R3) (Vee) 


FIGURE 3 — OUTPUT LIMITING CIRCUIT 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


(Top View) 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1439 Only) 


Compensation [1 | | 8] Compensation 


(Top View) 


ORDERING INFORMATION 
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| Device Temperature Range Package 
MC1439G é 5 Metal Can 

| mciaz9p1 | OC 80 +70 Elastic DIP 
MC1539G_ | 55°C to +125°C 


MC1439, MC1539 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vac, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


Characteristic 


Input Bias Current 
(Ta = +25°C) 
(Ta = Tow) 


input Offset Current 
(Ta = Tlow) 
(Ta = +25°C) 
(Ta = Thigh @ ) 


° 
= 
Oo 


150 


mV 
7.5 
Vv 


Input Offset Voltage Miol 
(Ta = +25°C) 


(Ta = Tlow: Thigh) 


Average Temperature Coefficient of Input | TCVio | 
Offset Voltage (TA = Tiow to Thigh) 
(Rg = 50 22) 
(Rg <10 kQ) 


Input Impedance Zin 
(f = 20 Hz) 
n 


aw | 
~ HD wi 
a on 


rt 
oy . 
Nn 


kS2 
Hz 


ryt ee. 
aa) 


Input Common-Mode Voltage Range Vicr 


Equivalent input Noise Voltage e nVi(Hz)% 
(Rg = 10k82, Noise Bandwidth = 1.0 Hz, 
f = 1.0 kHz) 

Common-Mode Rejection Ratio CMRR 


(f = 1.0 kHz) 


Open-Loop Voltage Gain (Vg=+10V, Ry = AVOL 
TOK, RE =) (Ta = +25°C to Thigh) 
{Ta = Tow! 


Power Bandwidth (A, = 1, THD <5%, PBW k 
Vo = 20 Vp-p) 

(Ry = 2.0kx2) 

(Ry = 1.0k2,R5 = 10k) 


N 
°o 


Step Response 
Gain = 1000, no overshoot, 


R1=4.0k82,R2=1.0M82, R3=1.0k32, 
R4 = 30k82, RS = 10k82, C1 = 1000 pF 


Gain = 1000, 15% overshoot, 
R4=1.0k2,R2=1.0 M92, R3= 1.0k82, 
R4=0,R5=10ki2,C1= 10 pF 


Gain = 100, no overshoot, 


R1=17.0k2, R2= 100k92, R3=1.0k2, 
R4 = 10k82, R5= 10k22, C1 = 2200 pF 
Gain = 10, 15% overshoot, 
R1=1.0k82,R2=10k92, R3=1.0k22, 
R4=1.0k22, R5= 10ki2, C1 = 2200 pF 
Gain = 1, 15% overshoot, 

R1 = 10k82, R2=10k2, R3=5.0ki2, 
R4 = 390 2, R5= 10k82, C1 = 2200 pF 


Output Impedance 
(f = 20 Hz) 


Output Voltage Swing 
(Ru = 2.0k, f = 1.0 kH2) 


(Ry = 1.0k9, f = 1.0 kHz) 


Power Supply Current 
(Vo = 0) 


® Tow = 0°C for MC1439 Thigh = +70°C for MC1439 
— 55°C for MC1539 +125°C for MC1539 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitation) 
Metal Package 
Derate above Tq = +25°C 
Plastic Dual In-Line Packages MC1439 
Derate above Tq = +25°C 
-55 to +125 
Oto +70 


Storage Temperature Range 
Metal Packages -65 to +150 
Plastic Packages -55 to +125 


FIGURE 4 — EQUIVALENT CIRCUIT SCHEMATIC FIGURE 5 — EQUIVALENT CIRCUIT 


o 
Vcc 


INPUT LAG 
Q 


NON 
INVERTING 


QO 
OUTPUT LAG 


OUTPUT 


VEE LAG 
O 


FIGURE 6 — TEST CIRCUIT 


R2 


TYPICAL OUTPUT CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C 


FIGURE VOLTAGE TEST CONDITIONS (FIGURE 6) 
NO. ie] 


GAIN [Ayia [Raia [Agia [ag ia» [Ag io [ey WF | 
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Vo, OUTPUT VOLTAGE (Vp.p) 


Vg, OUTPUT VOLTAGE SWING (clipped) (Vp) 


Vo, OUTPUT VOLTAGE (Vp-p) 


MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 
(Vec = +15 Vde, Veg = -15 Vde, Ta = +25°C, unless otherwise noted.) 


FIGURE 7 — LARGE-SIGNAL SWING versus FREQUENCY 


=a oe, 
a anv 


VA 


any Aa ame 


f, FREQUENCY (Hz) 


FIGURE 9 — OUTPUT VOLTAGE 
SWING versus LOAD RESISTANCE 


| ees Le ee. 
#18 VOLT supPLIES| | | | 
An Ee 


+15 VOLT SUPPLIES i 


Ltt 
+12 VOLT SUPPLIES | TT} 


0 
100 200 300 500 700 1.0k 20k 3.0k 50k7.0k 10k 
R., LOAD RESISTANCE (OHMS) 


FIGURE 11 — OUTPUT VOLTAGE SWING 
(to clipping) versus SUPPLY 


Vcc/Veg, POWER SUPPLY VOLTAGE (VOLTS) 


Avol, OPEN-LOOP VOLTAGE GAIN (dB) 


FIGURE 8 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 


110 
Ein 


: Peat HT 
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ACL, CLOSED-LOOP GAIN (dB) 


PHASE SHIFT (deg) 
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© 
o 
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o 2 
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20 


100 1.0 k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) 


FIGURE 10 — OPEN-LOOP PHASE-SHIFT versus FREQUENCY 


10 100 10k 10k 100 k 10M 
f, FREQUENCY (Hz) 


FIGURE 12 — CLOSED-LOOP GAIN versus FREQUENCY 


10k 10k 100 k 1.0M 10M 


. f, FREQUENCY (Hz) 
AcL = Closed-Loop Gain 
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MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 
(Vec = +15 Vde, Veg = -15 Vdc, Ta = +25°C, unless otherwise noted.) 


FIGURE 13 — Ac, * = 1 RESPONSE versus TEMPERATURE FIGURE 14 — Ac, = 10 RESPONSE versus TEMPERATURE 


MCT | 
Peaking can be eliminated by joie 


AcL, CLOSED-LOOP GAIN (dB) 


using heavier compensation 
at the expense of slight band- 


ACL, CLOSED-LOOP GAIN (dB) 


1.0k 10k 100 k 1.0M 10M 
f, FREQUENCY (kHz) t, FREQUENCY (kHz) 
FIGURE 15 — ACL = 100 RESPONSE versus TEMPE RATURE FIGURE 16 — ACL = 1000 RESPONSE versus TEMPERATURE 
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FIGURE 17 —- SPECTRAL NOISE DENSITY FIGURE 18 — OUTPUT NOISE versus SOURCE RESISTANCE 


Vn, OUTPUT NOISE (mV [RMS] ) 


Gy, EQUIVALENT INPUT NOISE (nV4/Hz) 


e f, FREQUENCY (Hz) Rg, SOURCE RESISTANCE (k OHMS) 
Ac. = Closed-Loop Gain 
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MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 Vde, Veg = -15 Vdc, Ta = +25°C, unless otherwise noted.) 


FIGURE 19 — POWER DISSIPATION versus TEMPERATURE 


Pp, POWER DISSIPATION (mW) 


-55 -25 0 +25 +50 +75 +100 +125 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 21 — POWER BANDWIDTH 
(LARGE-SIGNAL SWING versus FREQUENCY) 


THO=5.0% 
Voltage Follawer Configurati 


Vo, OUTPUT VOLTAGE SWING (Vp) 


FIGURE 20 — POWER DISSIPATION versus 
POWER SUPPLY VOLTAGE 


Pp, POWER DISSIPATION (mW} 


Vec |Veel. POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 22 — COMMON-MODE INPUT VOLTAGE . 
versus SUPPLY VOLTAGE 
UNITY GAIN COMPENSATION 


_| mS 


N 


EGATIVE INPUT LIMIT 


Vicr, COMMON-MODE INPUT VOLTAGE (VOLTS) 


10 100 1.0 k 10k 100 k 1.0M 12 13 14 18 16 " 18 


f, FREQUENCY (Hz) 


FIGURE 23 — COMMON-MODE REJECTION RATIO 
versus FREQUENCY 
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ICMRRI, COMMON-MODE REJECTION RATIO (dB) 


Vcc. IVEEl, SUPPLY VOLTAGE (VOLTS) 


FIGURE 24 — COMMON-MODE REJECTION RATIO 
versus TEMPERATURE 


T "| 
AVCM = 20 log lle 


CMRR = [AyCM — Avoil 


120 


110 


ICMRR|, COMMON-MODE REJECTION RATIO (dB) 


~55 -25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 
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VOLTS 


FIGURE 26 — VOLTAGE FOLLOWER 
390 
O 
. 2200 pF 
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Zoct = Z00L Ri]=4k 105 =0.04 OHM 
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Return 


MC1439, MC1539 
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FIGURE 25 — VOLTAGE-FOLLOWER PULSE RESPONSE 


0 5.0 10 15 20 


TIME (us) 
TYPICAL APPLICATIONS 


FIGURE 27 — DIFFERENTIAL AMPLIFIER 
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e} 
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__|RF | Re |, , RF 
e@o=- Ai "1th e2 “pen e3 
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FIGURE 29 — +15 VOLT REGULATOR 


2N492) or Equiv 


FIGURE 28 — SUMMING AMPLIFIER 


Ry 
e2 
R2 
e3 O 
R3 
O &g 
O 
Rp 


Rg = Parallel Combination of R1, R2, R3, Re. 


*Properly Compensated 


Vo+ 


For detailed information see Motorola 


Application Note AN-480. 


Vo Return 
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VNOMINAL - Vo (MILLIVOLTS} 


05 


MC1439, MC1539 


TYPICAL APPLICATIONS (continued) 


FIGURE 30 — LOAD REGULATION FOR FIGURE 31 — REGULATOR OUTPUT VOLTAGE 
CIRCUIT OF FIGURE 29 (under pulsed load condition) 


50 100 150 200 250 300 y 


LOAD CURRENT (MILLIAMPERES) Horizontal Scale: 200 ys/Div 
Vertical Scale: 1 mV/Div 
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MOTOROLA 
e SEMICONDUCTOR yyy | es | 
TECHNICAL DATA 2 


GATE CONTROLLED TWO CHANNEL INPUT GATE CONTROLLED 
WIDEBAND AMPLIFIER TWO CHANNEL INPUT 
... designed for use as a general purpose gated wideband ampli- WIDEBAND AMPLIFIER 
fier, video switch, sense amplifier, multiplexer, modulator, FSK 
circuit, limiter, AGC circuit, or pulse amplifier. SILICON MONOLITHIC 
® Large Bandwidth; 50 MHz Typical INTEGRATED CINE 


e@ Channel-Select Time of 20 ns Typical 
@ Differential Inputs and Differential Output 


TYPICAL APPLICATIONS 


VIDEO SWITCH OR 
DIFFERENTIAL AMPLIFIER WITH AGC MULTIPLEX OR FSK 


Vv 
Vec EE 


Channel 1 
Input 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


Channel 2 
Input 


Gate or = Channel Select 
AGC Input Input 


AMPLITUDE MODULATOR PULSE-WIDTH MODULATOR 


PIN CONNECTIONS 


BALANCED MODULATOR ANALOG SWITCH (Top View) 


VEE VEE 


Carrier 
Input 


51 


ORDERING INFORMATION 


Temperature Range 
MC1445L O°C to +75°C Ceramic DIP 
MC1545L —55°C to +125°C | Ceramic DIP 
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ea 
Audio 5.0k 
Input Bias Adjust 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


symbot_| value | unit_| 


Vcc +12 Vde 
VEE -12 Vde 
mA 


Rating 


Power Supply Voltage 


ViOR Volts 
a 


Input Differential Voltage Range 


Load Current 


Power Dissipation (Package Limitation) 


Ceramic Dual In-Line Package 625 
Derate above Ta = +25°C 5.0 
Metal Can 680 
Derate above Ta = +25°C 46 


Operating Ambient Temperature Range MC1445 
MC 1545 


Ta Oto +75 °C 
~55 to +125 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = —5.0 Vde, at Ta = +25°C, specifications apply to both input channels 
unless otherwise noted.) 


Storage Temperature Range Tstg 


Gate Input Current — Low Logic State 
(Vit(G) = 0 V) 

Gate Input Current — High Logic State 
(Vin(G) = +5.0 V) 

Step Response 
(ein = 20 mV) 


3 
> 


° 


Wideband Input Noise 10,20 
(5.0 Hz — 10 MHz, Rg = 50 ohms) 
DC Power Consumption 


Note 1. Vi_(G) is the gate voltage which results in channel A gain of unity or less and channei B gain of 16 dB or greater. 
Note 2. V}}4(G) is the gate voltage which results in channel B gain of unity or less and channel A gain of 16 dB or greater. 


[meas 
Pie] 9 | 7 | 6 | ws] = | o 
er ih BM Sod God lad Get AB ow! 
(f = 50 kHz) 
oa ol AW Kal 
(f = 50 kHz) 
Output Differential Voltage Range 4,13 1.5 ete | Be eee ee | Vp-p 
(Ry = 1.0 k ohm, f = 50 kHz) 
Ts ee ee 
eed aed a ET 
Por ff fa Vase 
Output de Level Change 4Vo +15 +15 mV 
aa Eel heed 
Common-Mode Rejection Ratio CMRR ae eke aa 
(f = 50 kHz) 
Input Common-Mode Voltage Range ViCR =o oe fF - [225 | 
Gate Characteristics 0.70 - 0.2 0.4 Vde 
Gate Input Voltage — Low Logic State (Note 1) 
Gate Input Voltage — High Logic State (Note 2) 1.5 - 1.3 
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Avs, SINGLE-ENDED VOLTAGE GAIN (d8) Avs, SINGLE-ENDED VOLTAGE GAIN (dB) 


Rp, PARALLEL INPUT RESISTANCE (k OHMS) 


MC1445, MC1545 


FIGURE 1 ~ SINGLE-ENDED 
VOLTAGE GAIN versus FREQUENCY 
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FIGURE 3 — VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGES 
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Vcc. VEE, POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 5 — INPUT Cp AND Rp versus FREQUENCY 
(BOTH CHANNELS) 
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FIGURE 2 — SINGLE-ENDED 
VOLTAGE GAIN versus TEMPERATURE 


Avs, SINGLE-ENDED VOLTAGE GAIN (dB) 


+100, +125 


Ta, TEMPERATURE (°C) 


FIGURE 4 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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Voor, OUTPUT DIFFERENTIAL VOLTAGE 
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FIGURE 6 — OUTPUT IMPEDANCE versus FREQUENCY 
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CHANNEL SEPARATION (dB) 


CMRR, COMMON-MODE REJECTION RATIO (d8) 


MC1445, MC1545 


FIGURE 7 — CHANNEL SEPARATION versus FREQUENCY 


140 TTT 


Channel Separation 
Vo 

4 20 log Ay —20 log va 
1 


100 


102 103 104 105 198 107 108 
fin, INPUT FREQUENCY (Hz) 


FIGURE 9 — COMMON MODE 
REJECTION RATIO versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 11 — CIRCUIT SCHEMATIC 


Avs, SINGLE-ENDED VOLTAGE GAIN (dB) 


€n, INPUT NOISE VOLTAGE (uV[rmsj} 


FIGURE 8 — GATE CHARACTERISTICS 


+20 


+10 


-10 
-20 
-30 
-40 
-50 
-60 
-70 
VG, GATE VOLTAGE (VOLTS) 
FIGURE 10 — INPUT WIDEBAND NOISE 
versus SOURCE RESISTANCE 
33 
Bandwidth = 5.0 Hz to 10 MHz 
BP ; 
SEAL 
. ees 7 
25 baer ty 
23 
10 100 1.ak 10k 100 k 


Rs, SOURCE RESISTANCE (OHMS) 


FIGURE 12 — SINGLE-ENDED VOLTAGE GAIN AND 
BANDWIDTH TEST CIRCUIT 


+5.0 V -5.0 V 


Signal 
Generator 4. 


Vj = 20 mV(rms) 


C, = 15 pF and includes jig 
= = and voltmeter capacitance. 
Boonton RF Voltmeter 

or Equivalent 
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FIGURE 13 — OUTPUT VOLTAGE SWING TEST CIRCUIT 


+5.0V 


-S$.0V 


f= 50 kHz 


Vj = 200 mV(rms) = 


FIGURE 15 — OUTPUT IMPEDANCE TEST CIRCUIT 


+5.0 V 


-5.0V To ac 


Voltmeter 


f= 50 kHz 
Vj, = 50 mV(rms) 


Open 


FIGURE 17 — INPUT OFFSET VOLTAGE AND QUIESCENT 
OUTPUT LEVEL TEST CIRCUIT 


-6.0V 


Adjust R1 until V1 
reads 0 Volts then 
read Ege. 


+5.0 V 


S1A 


R1 5.1k (1% 
100 k 
10 Turns 
51 (1%) > 
Voldc) = V2 
Edc 
VIO = oq 
-5.0V | 100 


AVo = Change in V2 Reading 
Switch S, and readjust Ry for V4=0 


+5.0V 


MC1545 


FIGURE 14 — INPUT IMPEDANCE TEST CIRCUIT 


+5.0 V ~5.0V 


f= 50 kHz 
Vv; = 50 mVirms) 


To ac 
Voltmeter 


To ac 
Voltmeter 


FIGURE 16 — INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT TEST CIRCUIT 


l1o is the difference 
in current reading 


when either S1 or S2 
i] is switched. 
= +5.0V 


FIGURE 18 — GATE CURRENT (HIGH AND LOW), 
COMMON-MODE REJECTION AND 
COMMON-MODE INPUT RANGE TEST CIRCUIT 


f= 50 kHz 
V;, = 1.0 Vrms) 


| 
| 
| 
= | 
Ut Shee Avs 
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FIGURE 19 ~ PROPAGATION DELAY AND RISE AND FIGURE 20 — POWER DISSIPATION AND WIDEBAND 
FALL TIMES TEST CIRCUIT INPUT NOISE TEST CIRCUIT 


+6.0 V -5.0V 


To A” Channel +§.0V 
of Scope True rms Voltmeter 
with Bandwidth of 


5.0 Hz to 10 MHz 


-5.0V 


Scope — 
Tektronix 567 


Pulse Of ea 
Gen. 
i 
= To “B’’ Channel 
Vi =20mv 7, of Scope 


Cy 


tTLH = tTTHL <5.0ns 


al 


CL = 15 pF including probe and Pp =5(lec+ leg) 
Jig Capacitance 


Open 


50% — tPHL 


10k Vg 


Vg, DIFFERENTIAL OUTPUT VOLTAGE (Vp-p) 


100 200 300 400 500 


Vj. SINGLE-ENDED INPUT VOLTAGE (mVp-p} 
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MOTO 


ROLA 
Be | 
ae MCIS54G 


MC1454G 


1-WATT 
1-WATT POWER AMPLIFIERS POWER AMPLIFIER 


INTEGRATED CIRCUIT 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 
. .. designed to amplify signals to 300-kHz with 
1-Watt deliverec to a direct coupled or capac- 
itively coupled load. 


External 
Compensation 


@ Low Total Harmonic Distortion — 0.4% (Typ) @ 1 Watt 
@ Low Output impedance — 0.2 Ohm 
@ Excellent Gain — Temperature Stability Compensation 
Options (top view) 
G SUFFIX 
METAL PACKAGE 
CASE 603C 


Gain Option #3 


Ay, VOLTAGE GAIN (48) 


RL = 16 OHMS 
Vec = 16V 
(See Figure 7) 


2.0k 5.0 k 
f, FREQUENCY (Hz) 


MAXIMUM AVAILABLE OUTPUT POWER 
(SINE WAVE) 


Bowen 774i 
NENA 
Tree eat 

BB sila zalll 


Vccl+ Veg! SUPPLY VOLTAGE (VOLTS) 


Ry, LOAO RESISTANCE (OHMS) 
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MC1454G, MC1554G 


ELECTRICAL CHARACTERISTICS (Tc = +259C unless otherwise noted) 
Frequency compensation shown in Figures 6 and 7. 


MC 1554 MC 1454 
(-55 to +125°C) (0 to +70°C) 


Power Bandwidth 
(for egut<5.0% THD) 


Total Harmonic Distortion 
(for ej) <0.05% THD, f = 20 Hz 
to 20 kHz) 
Pout = 1.0 Watt (sinewave) 
Pout = 0.1 Watt (sinewave) 


Zero Signal Current Drain 
Output Noise Voltage 


Output Quiescent Voltage 
(Split Supply Operation) 

Positive Supply Sensitivity 
(VEE constant) 

Negative Supply Sensitivity 
(Vec constant) 


“To obtain the voltage gain characteristic desired, use the following pin connections: Voltage Gain Pin Connection 
10 Pins 2 and 4 open, Pin 5 to ac ground 
18 Pins 2 and 5 open, Pin 4 to ac ground 
36 Pin 2 connected to Pin 5, Pin 4 to ac ground 


Characteristic Definitions 
(Linear Operation) 


FIGURE 1 FIGURE 3 FIGURE 4 


~16¥ 


open Vg (de) 


open Vw 


FIGURE 2 . FIGURE 5 


e ne 
in : Ro ta gut ~ f—_\ ——_. yas e 0 Vde 
i ¢ ia aes 


Open 
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MC1454G, MC1554G 


MAXIMUM RATINGS (Tc = +25°C unless otherwise noted) 


Total Power Supply Voltage Voc! + Veg! 


Peak Loed Current a ee a 
Audio Output Power ee ee en 


Power Dissipation (package limitation) 
Ta = +25°C 
Derate above 25°C 
To = +25°C 
Derate above 25°C 14.4 


Operating Temperature Range MC1454 Ta 0 to +70 % 
MC1554 -55 to +125 
Storage Temperature Range -55 to +150 


TYPICAL CONNECTIONS 


FIGURE 6 — SPLIT SUPPLY OPERATION VOLTAGE FIGURE 7 — SINGLE SUPPLY OPERATION VOLTAGE 


GAIN (Ay) = 10, fLow ~25 Hz GAIN (Ay) = 10, fLow = 100 Hz 


Vcc 39 pF 


RECOMMENDED OPERATING CONDITIONS 


In order to avoid local VHF instability, the following set of rules must be 3. Lead lengths from the external components to pins 7, 9, and 10 of the 
adhered to: package should be as short as possible to insure good VHF grounding 
1. An R-C stabilizing network (0.1 ;cF in series with 10 ohms) should be for these points. 

placed directly from pin 9 to ground, as shown in Figures 6 and 7, using 

short leads, to eliminate local VHF instability caused by iead inductance Due to the large bandwidth of the amplifier, coupling must be avoided be- 

to the toad. tween the output and input leads. This can be assured by either (a) use of 
2. Excessive lead inductance from the Vcc supply to pin 10 can cause high short leads which are well isolated, (b) narrow-banding the overall amplifier 

frequency instability. To prevent this, the Vecby-pass capacitor should by placing a capacitor from pin | to ground to form a low-pass filter in com- 

be connected with short leads from the Vcc pin to ground. If this capaci- bination with the source impedance, or (c) use of a Shielded input cable. In 

tor is remotely located a series R-C network (0.1 ;.F and 10 ohms) should applications which require upper band-edge control the input low-pass filter 

be used directly from pin 10 to ground as shown in Figures 6 and 7. is recommended. 

TYPICAL CHARACTERISTICS 
FIGURE 8 — TOTAL HARMONIC DISTORTION FIGURE 9 — TOTAL HARMONIC DISTORTION 


versus LOAD RESISTANCE versus FREQUENCY 


3.0 TT T T T mo 20 
Ay = 36 V/V Ws) fs 
Yd 


T T | Tt 2 


Ay = 36, RL = 102 
+ 
— — 10% MAX POWER OUTPUT 


] TTT TTY 7] 


=— 


———— 90% MAX POWER OUTPUT 
us {ot 


THO, TOTAL HARMONIC DISTORTION (%) 
THD, TOTAL HARMONIC DISTORTION (%) 


R,, LOAD RESISTANCE (OHMS) f, FREQUENCY (Hz) 
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Pout = 1 W (rms) 


0 50 70 100 10 100 10k 20k 5.0k 10k 1001 


MC1454G, MC1554G 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 — VOLTAGE GAIN versus TEMPERATURE FIGURE 11 — OUTPUT VOLTAGE CHANGE 


Ry = 16 OHMS 
Vcc = 8 Vde 
Veg = -8 Vde 
(See Figure 6) 


Ay, VOLTAGE GAIN (V/V) 


“55 25 0 25 50 75 100.125 
Ta. AMBIENT TEMPERATURE (°C) Ta. AMBIENT TEMPERATURE (°C) 


Vo(dc). QUIESCENT OUTPUT VOLTAGE CHANGE (mVdc) 


FIGURE 12 — VOLTAGE GAIN versus FREQUENCY (R,_ =°0) 


28 a A DG 
Seta i 
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Ay, VOLTAGE GAIN (dB) 


10 10k 2.0 5.0k 10k 100k 1.0M 
f, FREQUENCY (Hz) 


FIGURE 13 — MAXIMUM DEVICE DISSIPATION 


(SINE WAVE) 
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R,, LOAD RESISTANCE (OHMS) 
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MOTOROLA MC1456 


= SEMICONDUCTOR xy MC1456C 
TECHNICAL DATA MC1556 


OPERATIONAL AMPLIFIER 
INTERNALLY COMPENSATED, HIGH PERFORMANCE SILICON MONOLITHIC 
OPERATONAL AMPLIFIER INTEGRATED CIRCUIT 


... designed for use as a summing amplifier, integrator, or am- 
plifier with operating characteristics as a function of the external 
feedback components. G SUFFIX 


@ Low Input Bias Current — 15 nA max piel eg ota 
Low Input Offset Current — 2.0 nA max 

Low Input Offset Voltage — 4.0 mV max 
Fast Slew Rate — 2.5 V/us typ 

Large Power Bandwidth — 40 kHz typ 
Low Power Consumption — 45 mW max 
Offset Voltage Null Capability 

Output Short-Circuit Protection 

Input Over-Voltage Protection 


8 
1 
P1 SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 


TYPICAL INPUT BIAS CURRENT AND INPUT CASE 626 CASE 693 


OFFSET CURRENT versus TEMPERATURE for MC1556 


L mciase 


MC1456C 


nN 
o 


_—} 
INPUT BIAS CURRENT 


oO 


z 
; = 
E 
2 
wi 
oa 
= 
—_ 
Oo 
w 
< 
a 
i 
— 
a 
2 
[a] 


MC1456G,CG : : Metal Can 
mci456cP1,p1| FC to + 70°C Plastic DIP 
MC1556G . Metal Can 
MC1556U —S6%E to +126 | Ceramic DIP 


VOLTAGE-FOLLOWER PULSE RESPONSE 


lio, INPUT OFFSET CURRENT (nA) 


+25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


{NPUTS 


5 VOLTS/DIVISION 


2 wsiDIVISION 


° QFFSET NULL 
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MC1456, MC1456C, MC1556 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


Power Supply Valtage 


Differential Input Voltage Range 


Coed Current 


Power Dissipation (Package Limitation) 680 
Derate above T, = +25°C 4.6 


Operating Temperature Range -§5 to +125 
Storage Temperature Range -65 to +150 ~65 to +150 % 


Input Bias Current 

Tp = +25°C 

Ta = Tlow to Thigh (See Note 1) 
Input Offset Current 

Ta = +25°C 

Ta = +25°C to Thigh 

Ta = Tlow to +25°C 
tnput Offset Voltage 

Ta = +26°C 

Ta = Tiow to Thigh 


Differential Input (mpedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Impedance (f = 20 Hz) 
Common-Mode Input Voltage Range 


Equivalent Input Noise Voltage 
(Ay = 100, Rg = 10k ohms, f = 1.0kHz, BW = 1.0 Hz} 


Open-Loop Voltage Gain, (Vo = + 10 V, Ry = 2.0 k ohms) 
Ta = +25°C 
TA = Tlow to Thigh 

Power Bandwidth 
(Ay = 1, Ry = 2.0k ohms, THDS5%, Vo = 20 Vp-p) 


Unity Gain Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gain) 


Power Supply Rejection Ratio 
Vcc = constant, Rg <10 k ohms 
VEE = constant, Rg <10 k ohms 


Power Supply Current 


DC Quiescent Power Dissipation 
Vo = 0) 


Note 1: Tow: 0° for MC1456 and MC1456C 
-558°C for MC1556 
Thigh: +70°C for MC1456 and MC1456C 
+125°C for MC1556 
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CMRR, COMMON-MODE REJECTION RATIO (dB) Vicr. INPUT COMMON-MODE VOLTAGE RANGE (VOLTS) 


AVOL, VOLTAGE GAIN (d8) 


MC1456, MC1456C, MC1556 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vdc, Veg = -15 Vde, Ta = +25°C unless otherwise noted). 


FIGURE 1 — INPUT COMMON-MODE SWING versus 
POWER SUPPLY VOLTAGE 


+6.0 
Vcc. Vee, POWER SUPPLY VOLTAGE (Vdc) 


+9.0 


FIGURE 3 — COMMON-MODE REJECTION 
RATIO versus FREQUENCY 


1.0k 10k 100 k 10M 10M 


f, FREQUENCY (Hz) 


FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE 


1.0k 10M 100M 


0k 
f, FREQUENCY (Hz) 


100k 8 61.0M 


FIGURE 2 — SPECTRAL NOISE DENSITY 
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40k 
f, FREQUENCY (Hz) 


FIGURE 4 — OPEN-LOOP VOLTAGE GAIN 
versus TEMPERATURE 


MC 1456 
MC 1456C 


AVOL, OPEN-LOOP VOLTAGE GAIN (V/V) 


+75 +100) «+125 «+150 +175 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGES 


AVOL, OPEN-LOOP VOLTAGE GAIN (V/V) 


£15 
Vcc. VEE, SUPPLY VOLTAGES (Vdc) 
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MC1456, MC1456C, MC1556 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — OPEN-LOOP PHASE SHIFT 


, , 


1.0k 10k 100 k 
f, FREQUENCY (Hz) 


1.0M 


FIGURE 9 — POWER BANDWIDTH 
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Vg, OUTPUT VOLTAGE (Vp-p) 


10 
f, FREQUENCY (kHz) 


log, OUTPUT SHORT-CIRCUIT CURRENT (mAdc) 


FIGURE 8 — OUTPUT SHORT-CIRCUIT CURRENT 
versus TEMPERATURE 


ia 
Ne aed red 
RS eeRERaE 


~25 0 +26 «= +50) +75) +100 +125 «+150 «+175 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE 
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FIGURE 11 — POWER DISSIPATION versus 
POWER SUPPLY VOLTAGE 
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MC1456, MC1456C, MC1556 


TYPICAL APPLICATIONS 
Where values are not given for external components they must be selected by the 
designer to fit the requirements of the system. 


FIGURE 12 — INVERTING FEEDBACK MODEL FIGURE 13 — NONINVERTING FEEDBACK MODEL 


Ag (w} Zi 
=< IF Ag (w)- co IF R3<<2Z] 2j “1427p, 2; VERY HIGH 
vo 22 eh 
29 = Zo Ag (w) VO. 1422/2, 
Zo ~0 i 


FIGURE 14 — LOW-DRIFT SAMPLE AND HOLD 


+15 V 


Switce M1456, 


MC 1556 
Vi 


*Drift due to bias current 
is typically 8 mV/s 


1.0 pF 
Polycarbonate 
SAMPLE 


COMMAND = -15V 


FIGURE 15 — HIGH IMPEDANCE BRIDGE AMPLIFIER 


MC1456,C : 


MC1556 


MC 1456,C a 


MC1556 ‘i 


MC 1456,C 
MC 1556 


Vo=-10V) 
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MC1456, MC1456C, MC1556 


TYPICAL APPLICATIONS (continued) 


FIGURE 16 — LOGARITHMIC AMPLIFIER FIGURE 17 — VOLTAGE OFFSET NULL CIRCUIT 


2N2218 
or equiv 


MC 1456, C 
MC 1556 


Vi >0 


Vo 


= KyqIn (K2 Vi) I 
OF FSET VEE 
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MOTOROLA 
= SEMICONDUCTOR oxy 
TECHNICAL DATA 


(DUAL MC1741) 


INTERNALLY COMPENSATED, 
HIGH PERFORMANCE 
DUAL OPERATIONAL AMPLIFIERS 


... designed for use as a summing amplifier, integrator, or ampli- 
fier with operating characteristics as a function of the external 
feedback components. 


@ No Frequency Compensation Required 

@ Short Circuit Protection 

@ Wide Common Mode and Differential Voltage Ranges 
@ Low Power Consumption 

@ No Latch Up 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted} 


+18 
-18 


+22 
-22 


Storage Temperature Range 
Metal and Ceramic Packages 
Plastic Package 
Junction Temperature 

Metal and Ceramic Packages 
Plastic Package 


NOTES: 
1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to the 
supply voltage. 
2. Supply voltage equal to or less than 15 V. 


EQUIVALENT CIRCUIT SCHEMATIC 


NON INVERTING 
INPUT 


INVERTING 
INPUT 


oO 


MC1458 
MC1458C 


MC1558 


(DUAL MC1741) 
DUAL 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


oO 
ao 
ij 


(Top View) 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1458, MC1458C) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 


(Top View) 


ORDERING INFORMATION 


|__Device__| Temperature Range 


MC1458CD,D S0-8 
MC1458CG,G 2 . Metal Can 
mci4sacre1,pP1) 9 +70°C | blastic DIP 
MC1458CU,U Ceramic DIP 


MC1558G é é Metal Can 
MC1558U =Bb CTO 128 lecamic DIF 
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MC1458, MC1458C, MC1558 


ELECTRICAL CHARACTERISTICS — Note 1. (Vcc = +15V, on = —15V, Ta = 25°C unless otherwise noted). 


MC1458C 


¢ 
=. 
oe 


Characteristic 


Input Offset Voltage 
(Rg < 10k) 
SiC Bae 
Eee Bed 


3 
< 


Input Offset Current 


</3]/0]/S)/s]2 
<<] S] >) > 


Vv 


EY 
< 


Large Signal Voltage Gain 
(Vo = #10 V, Ry = 2.0 k) 
Os EeY. Ri = 10k) 


Ay 
50 | 200 


Common Mode Rejection Ratio Sane 70 
(Rg < 10k) 


Supply Voltage Rejection Ratio 30 
(Rg < 10k) 


Output Voltage Swing 
(Ry 2 10k) 
(Ri 22 at 


Foutaut ShornGrese Gime 
[Supply Currents (Both Amplify) dt ‘1 28 | 
ie he 


Power Consumption 


s]o 
O|o 
oO1o 


w 
o 


— 
<| << 9 
< 


IS 
0.3 0.3 0.3 
15 15 15 
0.5 0.5 0.5 


Transient Response (Unity Gain) 
(Vy = 20mV, RL = 2k2, CL < 100 pF) Rise Time 
(Vj; = 20mV, Ru > 2k2, CL < 100 pF) ‘Overshoot 
(V;=10V,R 100 pF) 


u 


n 


2>2k2,CL < Stew Rate 


Input Offset Voltage ean 7.5 12 fa 
(Rg < 10k) 
Input Offset Current 
(Ta = 125°C) - 

(Ta = -55°C) 

(Ta = 125°C) 30 

(Ta = -55°C) 300 ‘00 

(Ta = 0°C to +70°C) 800 
Common Mode input Voltage Range I Vick [212/213] - [| - [- [ - | - | 

(Rs < 10k) 
Output Voltage Swing 

(RL = 10k) 

(Ri > 2k) 

(Vo = +10 V, Ry = 10k) 
Supply Currents (Both Amplifiers) 

(Ta = 125°C) 

(Ta = -55°C)} 


ELECTRICAL CHARACTERISTICS Note 1? (Vcc = +15 V, Veg = —15V, Ta = *Thigh to Tlow unless otherwise noted). 
Ne ee ac eaesicscsicae 
(Ta = 0°C to +70°C) 
Input Bias Current 
—— sc ll id el al a el als 
(Rs < 10k) 
Supply Voitage Rejection Ratio 
Large Signal Voltage Gain 
(Vg = £10 V, RE = 2k) 
Power Consumption (Ta = 125°C) 
(Ta = -55°C) 


*Thigh = 125°C for MC1558 and 70°C for MC1458, MC1458C 
Tlow = ~—55°C for MC1558 and 0°C for MC1458, MC1458C 


Note 1. Input pins of an unused amplifier must be grounded for split supply operation or biased at least 3.0 V above Veg for single supply operation. 
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MC1458, MC1458C, MC 1558 


FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE 
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FIGURE 5 — BURST NOISE TEST CIRCUIT 


Positive 
Threshold 
Voltage 


To Pass/Fail 
Indicator 
1k 
Operational Amplifier poieg 
titer 
Under Lest 1.0 Hz to 1 kHz 

. “Negative 

Threshold 

Voltage 
Unlike conventional peak reading or RMS meters, this system was The test time employed is 10 seconds and the 20 pV peak 
especially designed to provide the quick response time essential to limit refers to the operational amplifier input thus eliminating 
burst (popcorn) noise testing. errors in the closed-loop gain factor of the operational amplifier 

under test. 
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MC1458, MC1458C, MC1558 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted). 


FIGURE 6 —POWER BANDWIDTH 


(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE 
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MC1458, MC1458C, MC1558 


FIGURE 12 — NONINVERTING PULSE RESPONSE 
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5.0 V/DIV 


FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT 
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FIGURE 14 — OPEN LOOP VOLTAGE GAIN 


versus SUPPLY VOLTAGE 
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MOTOROLA 
= SEMICONDUCTOR EEE MC1458S 
TECHNICAL DATA MC1558S 


DUAL HIGH SLEW RATE, INTERNALLY DUAL 
COMPENSATED OPERATIONAL AMPLIFIERS OPERATIONAL AMPLIFIERS 
The MC1658S is functionally equivalent, pin compatible, and SILICON MONOLITHIC 
possesses the same ease of use as the popular MC1558 circuit, yet INTEGRATED CIRCUIT 


offers 20 times higher slew rate and power bandwidth. This device is 
ideally suited for D/A converters due to its fast settling time and 
high slew rate. 


@ High Slew Rate — 10 V/s Guaranteed Minimum (for inverting G SUFFIX 
unity gain only) Uns METAL PACKAGE 

No Frequency Compensation Required Yj y CASE 601 

Short-Circuit Protection 1 

Offset Voltage Null Capability 

Wide Common-Mode and Differential Voltage Ranges 

Low Power Consumption 

No Latch-Up 


TYPICAL APPLICATION OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 


Vec= 5.0V (Top View) 


13 
P1 SUFFIX 


PLASTIC PACKAGE 
CASE 626 
(MC1458S Only) 


1 
U SUFFIX 
CERAMIC PACKAGE 
8 CASE 693 
1 
S&S 
1 


MSB At 50-4 
A2 604 


A3 70-4 

Aa 8 MC1508L-8 
MC1408L 

As 9 Series 

A610 

A711 0-4 


LSB A812 0-4 


16 3 
ae 


Veg=-15V 


8 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 
(MC1458S Only) 


Settling time to within 1/2 LSB (+19.5 mV) is approxi- 


mately 4.0 us from the time that all bits are switched. Vec 


*The value of C may be selected to minimize overshoot 
and ringing (C ~ 68 pF). aati 
Noninverting Inverting 
Input A Input B 
Noninverting 
Input B 


Output B 


Theoretical Vo 


Vref At A2 A3 A4 AS AG A7 AB 
Vo= (Ro) tH tH tt Ht YH 

R1 2 4 8 16 32 64 128 256 (Top View) 
op View 


Adjust Vre¢, R1 or Ro so that Vo with all digital inputs at high level 
is equal to 9.961 volts. 


ORDERING INFORMATION 


Viet = 2-0 Vde 


R1=R2=1.0k2 


Ro = 5.0k2 MC1458SD $0-8 
MC1458SG Metal Can 
site ae See ag et ie MC1458SP1 Pei Plastic DIP 
8 16 32 64 128 256 MC1458SU Ceramic DIP 


MC1558SG 7 " Metal Can 
MC1558SU BEC to + 125°C | Ceramic DIP 
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MC1458S, MC1558S 


MC1558S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1558 versus MC1558S RESPONSE COMPARISON 
(inverting Mode) (Inverting Mode) 


Pulse Output AL Acis555) 


1.0 us/Div. 


% REPRESENTATIVE CIRCUIT SCHEMATIC 
Vec 


Inverting 
Input 


Noninverting 
Input 


Offset Null Vee 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


[_Symbor | WG16565 | wC1aeS [Unt 


Power Supply Voltage +22 +18 Vde 
-22 -18 


Junction Temperature Ceramic and Metal Package 175 
Plastic Package 150 


Note 1. For supply voltages less than +15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Note 2. Supply voltage equal to or less than 15 Vdc. 
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MC1458S, MC1558S 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


Power Bandwidth (See Figure 3) 

Ay =1,R_ = 2.0k2, THD = 5%, Vg = 20 Vip=p) 
Large-Signal Transient Response 

Stew Rate (Figures 10 and 11) 

Vi{-) to V(+) 

Vi+) to V(-) 

Settling Time (Figures 10 and 11) 

(to within 0.1%) 

Small-Signal Transient Response 

(Gain = 1, Ej, = 20 mV, see Figuras 7 and 8} 

Rise Time 

Fail Time 

Propagation Delay Time 

Overshoot 


Open-Loop Voltage Gain (Ry = 2.0 k2) (See Figure 4) 
Vo = +10 V 
Output Impedance (f = 20 Hz) 


Input Impedance (f = 20 Hz) 


Output Vaitage Swing 
RL ~ 10 ks2 
RE = 2.0k2 


ommon-Mode Rejection Ratio (f = 20 Hz) 


**Plastic package offered in limited temperature range device only. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Veg = —15 Vdc, Ta = —55 to + 125°C for MC1558S and Ta = 0 to 70°C 
for MC1458S, unless otherwise noted.) 


Characteristic 
Open Loop Voltage Gain 
Vo =110V 
Output Voltage Swing 
RE = 10 ka 
Re = 2 kQ 
{nput Common-Mode Voltage Range 


Input Bias Current 
Ta = 125°C 
Ty = -55°C 
Ta =0t0 70°C 
Input Offset Current 
Ta = 125°C 
Ta = -55°C 
Ta = Oto 70°C 


Input Offset Voltage 
Rg < 10 k2 


OC Power Consumption Pc 
Vo=0V 

Positive Power Supply Sensitivity Pss+ 
Vee=-15V 


Negative Power Supply Sensitivity 
Vec=15V 
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PEAK QUTPUT VOLTAGE FOR < 5% THD (VOLTS) 


MC1458S, MC1558S 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.} 


FIGURE 1 — OFFSET ADJUST CIRCUIT 


% MC1558S 
or 
%MC1458S 


Output 


Inputs 


*Not available with G and 
P1 Suffix Packages. 


Offset Null 
Terminals 


FIGURE 3 — POWER BANDWIDTH — NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY 
+20;-—_,—_4 


1 + 7 T 


10k 0k 
f, FREQUENCY (Hz) 


100 100 k 


1.0M 


FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE 
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-25 0 +25 +50 
T, TEMPERATURE (°C) 
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FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE 
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Avol, VOLTAGE GAIN (8) 


10 1.0k 10k 


f, FREQUENCY (Hz) 
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FIGURE 5 — OUTPUT NOISE versus 
SOURCE RESISTANCE 
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Con, QUTPUT NOISE VOLTAGE (mV(RMS]) 


Rs, SOURCE RESISTANCE (OHMS) 
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MC1458S, MC1558S 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vdc, Veg = - 15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 6 — SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS FIGURE 7 — SMALL-SIGNAL TRANSIENT RESPONSE 


20 mV 


Input 


Overshoot Output 


MC1558S . hy 
Input MC1458S hast 
eor—_— 
.Y 4 
i 100 = 
Output 50% Fall Time = 
TTHL 
-15V 
10% 10% 
tTLH Overshoot Vog 
Been 
aoe i FIGURE 9 — LARGE-SIGNAL TRANSIENT WAVEFORMS 
+10 V 


FIGURE 8 — POWER CONSUMPTION versus POWER 


SUPPLY VOLTAGES Input 50% 


-10V 
Slew Rate 
V(+) to V(-) 
(Measurement Siew Rate 
Period) V(—) to v(+) 


(Measurement 


z 
2 
E Period) 
= 
> 
na 
2 
= Allowable 
« Error 
F Output Band 
r=) 
= 
Le 10% 10% 
5 Settling 
2.0 6.0 10 14 18 22 Time 


Ve and Veg, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — SLEW RATE AND SETTLING TIME TEST CIRCUIT* 
10k* 


*Match to within 0.01%. 


1N916 
or Equivalent 
1N916 

+ = of Equivalent 


Inputs of Amplifier Not Under 
Test Should Be Grounded. 
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MC1458S, MC1558S 


SETTLING TIME 


In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con- 
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 


SETTLING TIME MEASUREMENT 


In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the ‘false’ 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de- 
termine when the waveform at the output of the op- 
erational amplifier settles to within 0.1% of it's final 
value. Because the output and input voltages are ef- 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 


FIGURE 11 — WAVEFORM AT 
FALSE SUMMING NODE 


(Inverting Mode) 


200 mV/DIV 


1.0 us/DIV iweik 


FIGURE 12 — EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 


(inverting Mode) 


| 
| 


theeeeteer ed 


= 0.1% 
S f ERROR 
E BAND 
2 


1.0 us/DIV 


Delivers 12.5 watt into 4.0 ohms with less than 1% THD to 100 kHz. 
Pins not shown are not connected. 


* Bias current adjustment to eliminate Crossover Distortion. 
**Epoxy to power transistor heat sink or case for maximum Thermal Feedback, = 


The solution to these problems is the creation of a 
second or ‘‘false’’ summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure- 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con- 
sidered. The expression 


tsetlg =N x2 +y2+ 72 


can be used to determine the actual amplifier settling 
time, where 
tsetlg = observed settling time 

x = amplifier settling time (to be determined) 

y = false summing junction settling time 

z = oscilloscope settling time 
It should be remembered that to settle within +0.1% 
requires 7RC time constants. 

The +0.1% factor was chosen for the MC1558S 
settling time as it is compatible with the +1/2 LSB 
accuracy of the MC1508L-8 digital-to-analog converter. 
This D-to-A converter features 0.19% maximum error. 


TYPICAL APPLICATION 
FIGURE 13 — 12.5-WATT WIDEBAND POWER AMPLIFIER 


+15 V 


MCL1304 
or Equivalent 
(Current 
Limiting 
Diode) 


Oo 
MCL1304 
or Equivalent 
° (Current 


Limiting 
Diode) 


MJE1100 
or Equivalent 


0.33 


MJE1090 
or Equivalent 
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MOTOROLA 


m= SEMICONDUCTOR oR MC1490P 
TECHNICAL DATA 


WIDEBAND AMPLIFIER 
RF/IF/AUDIO AMPLIFIER 
WITH AGC 
...an integrated circuit featuring wide-range AGC for use in RF/ 
IF amplifiers and audio amplifiers over the temperature range, SILICON MONOLITHIC 
~40 to + 85°C. See Motorola Application Note AN513 for design INTEGRATED CIRCUIT 
details. 


@ High Power Gain — 50 dB Typ at 10 MHz 
45 dB Typ at 60 MHz 
35 dB Typ at 100 MHz 


@ Wide-Range AGC — 60 dB Min, dc to 60 MHz w-—_ie 
®@ 6.0 to 15 V Operation, Single-Polarity Power Supply 
8 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


PIN CONNECTIONS 


Output utput 
Operating Temperature Range (-) (+) 


Storage Temperature Range Substrate 
Junction Temperature Ground 


REPRESENTATIVE CIRCUIT SCHEMATIC 
2°Vcc (Top View) 


SCATTERING PARAMETERS (Vcc = +12 Vdc, 
Ta = +25°C, Zo = 50 0) 


Parameter 


Input 
Reflection 
Coefficient 


Output 
Reflection 
Coefficient 


Forward 
Transmission |S} 
Coefficient 024 


Substrate 57 


Reverse 
Pins 3 and 7 should both be connected to circuit ground. Transmission 


Coefficient 
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MC1490P 


ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, f = 60 MHz, BW = 1.0 MHz, Ta = 25°C) 


Power Dissipation 


TYPICAL CHARACTERISTICS 
(V2 (AGC) = 9, Vec = 12 Vac, Ta = +25°C unless otherwise noted) 


FIGURE 1 — UNNEUTRALIZED POWER GAIN versus FIGURE 2 — VOLTAGE GAIN versus FREQUENCY 
FREQUENCY (Tuned Amplifier, See Figure 19) (Video Amplifier, See Figure 21) 


Voc = 12 


" AULD 
al SUTIN | TUITTh 
ot TI TT oN, | TT 


el es 
Se eee 
aan el 
Pe ine GEE 
aes a 
aa ee 
ies 
ae ee 
fe 


UNNEUTRALIZED POWER GAIN (dB) 
(SINGLE-ENDED OUTPUT) 
Ac, SINGLE-ENDED VOLTAGE GAIN (dB) 
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f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


FIGURE 3 — DYNAMIC RANGE: OUTPUT VOLTAGE versus FIGURE 4 — VOLTAGE GAIN versus FREQUENCY 
INPUT VOLTAGE (Video Amplifier, See Figure 21) (Video Amplifier, See Figure 21) 
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Ay, SINGLE-ENDED VOLTAGE GAIN (dB) 
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MC1490P 


FIGURE 5 — VOLTAGE GAIN AND SUPPLY CURRENT versus FIGURE 6 — TYPICAL GAIN REDUCTION 
SUPPLY VOLTAGE (Video Amplifier, See Figure 21) versus AGC VOLTAGE 


45 


40 


36 


30 


25 


1c, SUPPLY CURRENT (mAdc) 
GAIN REDUCTION (dB) 


Ay, SINGLE-ENDED VOLTAGE GAIN (dB) 


0 30 60 90 12 15 18 21 24 27-30 
VR(AGC), AGC VOLTAGE (Vdc) 


0 20 40 «60 80 © 10 12 14 16 
Voc. SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 — TYPICAL GAIN REDUCTION FIGURE 8 — FIXED TUNED POWER GAIN REDUCTION versus 
versus AGC CURRENT TEMPERATURE (See Test Circuit, Figure 19) 
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FIGURE 9 — POWER GAIN versus SUPPLY VOLTAGE 


(See Test Circuit, Figure 19) FIGURE 10 — NOISE FIGURE versus FREQUENCY 
80 
70 
a 60 s 
= 50 « 
<x 2 
a 4 
g 40 a 
5 s Rg Optimized 
a 20 = |” for minimum NF 
3S uw 
20 * 
10 
0 
0 2.0 40 6.0 8.0 10 12 14 16 15 20 25 #30 35 40 50 60 70 80 90 100 150 
Vc. POWER SUPPLY VOLTAGE (Vdc) f, FREQUENCY (MHz) 
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NF, NOISE FIGURE (dB) 


MC1490P 


FIGURE 11 — NOISE FIGURE versus SOURCE RESISTANCE FIGURE 12 — NOISE FIGURE versus AGC GAIN REDUCTION 


f= 30 MHz 
BW = 1.0 MHz 7 


NOISE FIGURE (dB) 


Test Circuit Has Tuned Input 
Providing a Source Resistance 
Optimized for Best Noise Figure. 


100 200 400 600 1.0k 2.0k 4.0k Wk 0 -10 ~-20 -30 -40 ~50 -60 -710 -80 
Rg, SOURCE RESISTANCE (Ohms) GAIN REDUCTION (dB) 


FIGURE 13 — HARMONIC DISTORTION versus AGC GAIN 
REDUCTION FOR AM CARRIER (For Test Circuit, See Figure 14) 


40 


gt f= 10.7 MHz 
35P Modulation: 90% AM, fm = 1.0 kHz 
Load at Pin 5 = 2.0 k82 760 mVpp 


w 
oa 


Ey = Peak-to-Peak Envelope of 
Modulated 10.7 MHz 
Carrier at Pi 


nN 
wn 


HARMONIC DISTORTION IN DETECTED 
MODULATION (PERCENT) 
nN 
Oo 


0 10 20 30 40 50 60 70 80 
GAIN REQUCTION (48) 


FIGURE 14 — 10.7 MHz AMPLIFIER 
Gain = 55 dB, BW = 100 kHz 


VR(AGC) © 


10.7 MHz o—)} 
(50 0 Source) +12 Vde 


L1 = 24 Turns, No. 22 AWG Wire 
on a 112-44 Micro Metal 
Toroid Core (- 124 pF) 

L2 = 20 Turns, No. 22 AWG Wire 
on a 712-44 Micro Metal 
Toroid Core (-— 100 pF) 
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MC1490P 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 15 — S44 AND So9, INPUT AND OUTPUT 
REFLECTION COEFFICIENT 


FIGURE 17 — S21, FORWARD TRANSMISSION 
COEFFICIENT (GAIN) 
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FIGURE 16 — S41 AND S29, INPUT AND OUTPUT 
REFLECTION COEFFICIENT 
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FIGURE 18 — S12, REVERSE TRANSMISSION 
COEFFICIENT (FEEDBACK) 
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MC1490P 


TYPICAL APPLICATIONS 


FIGURE 19 — 60 MHz POWER GAIN TEST CIRCUIT FIGURE 20 — PROCEDURE FOR SETUP 
USING FIGURE 19 


ee Warn | Rac 
TN (-waen) | s7V [8 
omvi-a7aem | <sov | 66 


Output 


oe 1.0 mV (= 47 om) 
Input 
(50 9) FIGURE 21 — VIDEO AMPLIFIER 
+12 Vde 
= 0.001 uF 
VRIAGC) 1.0 pF 
L1 = 7 Turns, #20 AWG Wire, 5/16” Dia., C1,C2,C3 = (1-30) pF Co 
5/8” Long C4 = (1-10) pF VR(AGC) 
L2 = 6 Turns, #14 AWG Wire, 9/16” Dia., 
3/4" Long VR(AGC) 
+12 Vdc 
0.001 ,F 
FIGURE 22 — 30 MHz AMPLIFIER 
(Power Gain = 50 dB, BW ~ 1.0 MHz) FIGURE 23 — 100 MHz MIXER 
VAGc ~ 6.0V 
Input from 
Local Oscillator é (1-10) pF 
(70 MHz) 100 (1-30) pF 
1-30) pF O IF Output 
. (1-10) pF 
= 500 MC1490P 
Input Signal Input 
(50 0) — (100 a : d 
oe ee k reve = % +12 Vdc 
0.002 i. 
0.002 pF 10 wH 
VRIAGC) = & +12 Vde 1 ib “Fs 
L1 = 12T #22 AWG Wire on a Toroid Core, 
(137-6 Micro Metal or Equiv) : er L1 = 5 Turns, #16 AWG Wire, 1/4” ID, 
TA: Pri = 17 Turns #20 AWG Wi Toroid Core, 5/8” Long 
eae ois Drm Perr gS L2 = 16 Turns, #20 AWG Wire on a Toroid 
Core, (T44-6) 


Secondary = 2 Turns #20 AWG Wire 
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MOTOROLA 
= SEMICONDUCTOR oxy 
TECHNICAL DATA 


RF/IF/AUDIO AMPLIFIER WIDEBAND AMPLIFIER 
WITH AGC 
...an integrated circuit featuring wide-range AGC for use in RF/ 
IF amplifiers and audio amplifiers over the temperature range, SILICON MONOLITHIC 
—55 to + 125°C. INTEGRATED CIRCUIT 


@ High Power Gain — 50 dB Typ at 10 MHz 
45 dB Typ at 60 MHz 
35 dB Typ at 100 MHz PIN CONNECTIONS 


e Wide-Range AGC — 60 dB min, dc to 60 MHz 


@ Low Reverse Transfer Admittance — <10 umhos Typ at 
60 MHz 


@ 6.0 to 15-Volt Operation, Single-Polarity Power Supply 
> 


oe 
GSUFFX wm 


METAL PACKAGE sabeote 
CASE 601 Ground 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


ADMITTANCE PARAMETERS 
(Vec = +12 Vde, Ta = +25°C) 


Single-Ended 
Input Admittance 


Single-Ended 
Output Admittance 


Forward Transfer Y21 150 | mmhos 
Admittance 024 - 105 °c 
(Pin 1 to Pin 5) (Polar) 


“ 


“The value of Reverse Transfer Admittance includes 
the feedback admittance of the test circuit used in 
the measurement. The total feedback capacitance 
(including test circuit) is 0.025 pF and is a more 
practical value for design calculations than the in- 
ternal feedback of the device alone. (See Figure 10.) 


SCATTERING PARAMETERS (Vcc = +12 Vdc, 
° Outputs Ta = +25°C, Zy = 50 0) 
(-) 6 f = MHz 


Parameter 


Input 
Reflection 0.95 = 
Coefficient ~7.3 


°C 
Output 
| Reflection S22 0.99 0.98 _ 
Coefficient 022 —~3.0 —6.5 °C 
Forward 
Transmission $24 16.8 14,7 = 
Coefficient 021 128 64.3 °C 
Reverse 
. neuer Transmission $12 0.00048 | 0.00092 = 
Pins 4 and 8 should both be connected to circuit ground. Coefficient 545 $49 79.2 C 
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MC1590G 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, f = 60 MHz, BW = 1.0 MHz, Ta = —55°C to + 125°C unless 
otherwise noted) 


AGC Range 
(V2(AGC) = 5.0 V to 7.0 V) 


(V2(AGC) = 5.0 V to 7.0 V, Ta = 25°C) 


60 
Single-Ended Power Gain He 
(Ta = 25°C) 
Noise Figure 
(Rg optimized for best NF) (Ta = 25°C) 


Output Stage Current 
(Sum of Pins 5 and 6) 


Output Current Matching 

(Magnitude of Difference of Output Currents) 

(i5 — Ig) (Ta = 25°C) 
Power Supply Current 

(Vo = OV 

(Vo = OV, Ta = 25°C) 
Power Consumption (12 x Icc) 

(Vj = OV) 

(Vi = OV, Ta = 25°C) 


FIGURE 1 — UNNEUTRALIZED POWER GAIN versus FREQUENCY FIGURE 2 — VOLTAGE GAIN versus FREQUENCY 
(Tuned Amplifier, See Figure 24) (Video Amplifier, See Figure 26) 
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UNNEUTRALIZED POWER GAIN (d8) 
Ac, SINGLE-ENDED VOLTAGE GAIN (dB) 


f, FREQUENCY (MHz) 
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Ay, SINGLE-ENDED VOLTAGE GAIN {dB) 


MC1590G 


TYPICAL CHARACTERISTICS 
(Vo (AGC) = 9, Veco = 12 Vdc, Ta = +25°C unless otherwise noted) 


FIGURE 3 — DYNAMIC RANGE: OUTPUT VOLTAGE versus 
INPUT VOLTAGE (Video Amplifier, See Figure 26) 


Vec = 12 Vde 


V2(AGC) = 9 Volts 
f = 1.0 MHz 


€9, OUTPUT VOLTAGE (VOLTS RMS) 


“O12 0.2 05 #10 20 50 10 8 20 50 100 
e;, INPUT VOLTAGE (mV RMS) 


FIGURE 5 — VOLTAGE GAIN AND SUPPLY CURRENT versus 
SUPPLY VOLTAGE (Video Amplifier, See Figure 26) 


= 1.0k2 


0 20 «4.0 6.0 8.0 10 12 14 16 
Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 ~— TYPICAL GAIN REDUCTION versus AGC CURRENT 


GAIN REDUCTION (dB) 


-40 -20 0 20 40 60 80 100 120 140 160 
iagc AGC CURRENT (uA) 


ig, SUPPLY CURRENT (mAdc} 


FIGURE 4 ~ VOLTAGE GAIN versus FREQUENCY 
{Video Amplifier, See Figure 26) 


Ay, SINGLE-ENDED VOLTAGE GAIN (dB) 
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FIGURE 6 — TYPICAL GAIN REDUCTION 
versus AGC VOLTAGE 


GAIN REDUCTION (d8) 


0 30 60 90 12 15 18 21 24 27-30 
VR(AGC), AGC VOLTAGE (Vdc} 


FIGURE 8 — FIXED TUNED POWER GAIN REDUCTION 
versus TEMPERATURE (See Test Circuit, Figure 24) 
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Gp, POWER GAIN (dB) 


NF, NOISE FIGURE (dB) 


MC1590G 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 ~ POWER GAIN versus SUPPLY VOLTAGE 
(See Test Circuit, Figure 24) 


0 2.0 40 6.0 8.0 10 12 14 16 
Vcc. POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 11 — NOISE FIGURE versus FREQUENCY 


—+-_+_+ 


Rs Optimized 
for minimum NF 


FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus 
FREQUENCY (See Parameter Table, Page 1) 


Y 12, REVERSE TRANSFER ADMITTANCE (umho) 
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FIGURE 12 — NOISE FIGURE versus SOURCE RESISTANCE 


NF, NOISE FIGURE (dB) 
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FIGURE 13 — NOISE FIGURE versus AGC GAIN REDUCTION 


NOISE FIGURE (dB) 


Test Circuit Has Tuned Input 
Providing a Source Resistance 
Optimized for Best Noise Figure. 
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MC1590G 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 14 — SINGLE-ENDED OUTPUT ADMITTANCE FIGURE 15 — SINGLE-ENDED INPUT ADMITTANCE 


Y22, OUTPUT ADMITTANCE (mmhos) 
Y14, INPUT ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
FIGURE 16 - HARMONIC DISTORTION versus AGC GAIN FIGURE 17 — 10.7 MHz AMPLIFIER 
REDUCTION FOR AM CARRIER (For Test Circuit, See Figure 17) Gain ~ 55 dB, BW = 100 kHz 
40 T 1 4 4 


f = 10.7 MHz 
Modulation: 90% AM, fm = 1.0 kHz T 
Load at Pin 5 = 2.0 ki2 alg 
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HARMONIC DISTORTION IN OETECTED 
MODULATION (PERCENT) 
3 3 


Lt = 24 Turns, No. 22 AWG Wire 


| on a 712-44 Micro Metal 
0 Ba Be eee ee Toroid Core (~ 124 pF) 
0 10 20 30 40 50 60 70 80 L2 = 20 Turns, No. 22 AWG Wire 


GAIN REDUCTION (d8) on a 112-44 Micro Metal 
Toroid Core (~ 100 pF) 


FIGURE 18 — Y21, FORWARD TRANSFER ADMITTANCE FIGURE 19 — Y21, FORWARD TRANSFER ADMITTANCE 
RECTANGULAR FORM POLAR FORM 
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MC1590G 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 20 — S44 AND S29, INPUT AND OUTPUT 
REFLECTION COEFFICIENT 


FIGURE 21 — S471 AND S292, INPUT AND OUTPUT 
REFLECTION COEFFICIENT 
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FIGURE 22 — S31, FORWARD TRANSMISSION FIGURE 23 — S42, REVERSE TRANSMISSION 
COEFFICIENT (GAIN) COEFFICIENT (FEEDBACK) 


a) m\ x ck 
eS 
f LER 
PEERS 


BEF 
7 —S 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-155 


FIGURE 24 — 60 MHz POWER GAIN TEST CIRCUIT 


input 
(602) 


VR(AGC) 


L1=7 Turns, #20 AWG Wire, 5/16” Dia., C1,C2,C3 = (1-30) pF 


5/8” Long 


L2 = 6 Turns, #14 AWG Wire, 9/16" Dia., 


3/4" Long 


MC1590G 


TYPICAL APPLICATIONS 


FIGURE 25 — PROCEDURE FOR SETUP 
USING FIGURE 24 


V2(AGC) FRAGC(KA) | 


VRAGC) 


C4 = (1-10) pF VR(AGC) 


0.001 « 


FIGURE 27 — 30 MHz AMPLIFIER 
(Power Gain = 50 dB, BW =~ 1.0 MHz) 


(1-30) pF 


input 
(502) . 


Input from 
Local Oscillator 


TH (70MHz) 199 


(1-10) pF 
Ry = 5082 Signat Input 
(100 MHz) 


(1-30) pF 


+12 Vdc 


LI = 12 Turns #22 AWG Wire on a Toroid Core, 


(137-6 Micro Metat or Equiv) 
T1: Primary = 17 Turns #20 AWG Wire on a Toroid Core, 
(744-6 Micro Metal or Equiv) 


Secondary = 2 Turns #20 AWG Wire 


F 


VAGC = 6.0V 


| 2.23 mV (-40dBm) | mV (-40dBm) 
Qutput 1.0 mV (-47d8m) 
(50 2) 
+12 Vde 1.0 uF 


+12 Vde 


0.001 uF 


FIGURE 28 — 100 MHz MIXER 


(1-1 


Lt =5 Turns, #16 AWG Wire, 1/4” 10, 
5/8” Long 

L2 = 16 Turns, #20 AWG Wire on a Toroid 
Core, (744-6 Micro Metal or Equiv) 


FIGURE 29 — TWO-STAGE 60 MHz IF AMPLIFIER (Power Gain ~ 80 dB, BW ~ 1.5 MHz) 


VR(AGC) 
5.1k 
24 pF 
Input 
(5092) 
= 200 wt 
(1-10) pF 
0.002 yF 


T1: Primary Winding = 15 Turns, #22 AWG Wire, 1/4” 1D Air Core 
Secondary Winding = 4 Turns, #22 AWG Wire, 
Coefficient of Coupling = 1.0 


10k 
= 46 ns (1-10) pF 
1 
5 11 9.002 uF 
: © j 
O 39 pF 
8 8 
/o =~ 0002zpF / O 
bl 10 wH ae L ad 
+12 Vde = - 


Coefficient of Coupling + 1.0 
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WKY 


0.001 uF 


T2 


10 4H 


T2: Primary Winding = 10 Turns, #22 AWG Wire, 1/4” ID Air Core 
Secondary Winding = 2 Turns, #22 AWG Wire, 


Ln) 


0) pF 


(1-30) pF 


Output 
— (50 82) 


MC1590G 


TYPICAL APPLICATIONS (continued) 


FIGURE 30 — SPEECH COMPRESSOR 
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FIGURE 31 — OUTPUT VOLTAGE versus INPUT VOL TAGE 
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FIGURE 32 — OUTPUT CURRENT, 
CURRENT MATCH AND Icc FIXTURE 
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DESCRIPTION OF SPEECH COMPRESSOR 


The amplifier drives the base of a PNP MPS6517 op- 
erating common-emitter with a voltage gain of approx- 
imately 20. The control R1 varies the quiescent Q point 
of this transistor so that varying amounts of signal ex- 
ceed the level V,. Diode D1 rectifies the positive peaks 
of Q1’s output only when these peaks are greater than 
V; = 7.0 Volts. The resulting output is filtered by Cy, 
Ry. 

Rx controls the charging time constant or attack time. 
Cy is involved in both charge and discharge. R2 (the 
150 kQ and input resistance of the emitter-follower Q2) 
controls the decay time. Making the decay long and 
attack short is accomplished by making Ry small and 
R2 large. (A Darlington emitter-follower may be needed 
if extremely slow decay times are required.) 

The emitter-follower Q2 drives the AGC Pin 2 of the 
MC1590G and reduces the gain. R3 controls the slope 
of signal compression. The following graph (Figure 31) 
details performance with R3 set to 15 kf. 


TABLE 1 — DISTORTION versus FREQUENCY 


FREQUENCY DISTORTION DISTORTION 


15% 27% 
6% 20% 
3% 9% 
1% 3% 


100 kHz 3% 


Decay = 300 ms 
Attack = 20 ms 
(2) Cy =7.5 uF 
Rx = 0 (Short) 
(3) Decay = 20 ms 
Attack = 3 ms 
(4) Cy =0.68 uF 
Ry =1.5k2 
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MOTOROLA 


m= SEMICONDUCTOR xox 


TECHNICAL DATA 


MONOLITHIC OPERATIONAL AMPLIFIER 


.. . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feed- 
back components. 


© High-Performance Open Loop Gain Characteristics 
Avol = 45,000 typical 
@ Low Temperature Drift — +3.0 uV/°C typical (MC1709) 
@ Large Output Voltage Swing — +14 V typical @ +15 V Supply 
@ Low Output Impedance — zg = 150 ohms typical 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Rating Symbol! | Value | Unit _| 


Power Supply Voltage Vcc 
-18 


VEE 


Input Differential Voltage Range VIDR 
Input Common-Mode Range VICR 


Output Load Current Ik 


Output Short-Circuit Duration | ts | 50 | 


Power Dissipation (Package Limitation) 
Metal Can 
Derate above Ta = +25°C 


Plastic Dual In-Line Packages (MC1709C only) 
Derate above Ta = +25°C 

Ceramic Dual In-Line Package 

Derate above Ta = +25°C 


MC1709A, MC1709 
MC1709C 


Operating Ambient 
Temperature Range 


Storage Temperature Range 
Metal and Ceramic Packages 
Plastic Packages 


—65 to + 150 
—55 to +125 


FIGURE 1 ~ EQUIVALENT CIRCUIT SCHEMATIC 


9 INPUT COMPENSATION 


INVERTING 
INPUT 9 


MC1709 
MC1709A 
MC1709C 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 
Input Freq. Comp. 
Input Freq. 
Comp. 


Output 
Freq. Comp. 


VEE 
(Top View) 


G SUFFIX 
METAL PACKAGE 
CASE 601 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1708C Only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


Input Freq. 


| 8] Comp. 


Input Freq. 
Comp. 


| 5] Output Freq. 
Comp. 


Device Package 


MC1708CG Metal Can 
MC1709CU Orc to + 70°C Ceramic DIP 
MC1708CP1 Plastic DIP 


MC1709G,AG . ; Metal Can 
MC1709AU BIG 1G tal Became: DIP 
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MC1709, MC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, +9.0 V < Vcc < 15 V, -9.0 V = Veg = -15V, Ta = 25°C) 


Input Offset Voltage 
(Rg < 10 kM) 
Input Offset Current 
tnput Bias Current 
{Input Resistance 
Output Resistance 
Power Supply Currents 
(Vec = 15 V, Veg = -15 V) 
Power Consumption 
(Vec = 15 V, Veg = -15 V) 
Transient Response 
(Vcc = 15 V, Veg = -15 V) See Figure 8 
Risetime 
Overshoot 


Characteristic ) Min | 
Input Offset Voltage Vio 
(Rg < 10 kQ) 
- Average Temperature Coefficient of Input Offset Voltage 
(Rg = 50 2, Ta = 25°C to 125°C) 
(Rg = 50 ©, Ta = -55°C to 25°C) 


MC1709A 
Symbot 


1.8 


(Rg = 50 2, Ta = -55°C to 125°C) 
(Rg = 10 kQ, Ta = 25°C to 125°C) 
(Rg = 10 kQ, Ta = -55°C to 25°C) 
(Rg = 10k, Ta = -55°C to 125°C) 
Input Offset Current 
(Ta = -55°C) 
(Ta = 125°C) 
Average Temperature Coefficient of Input Offset Current 
(Ta = -55°C to 25°C) 
(Ta = 25°C to 125°C) 


Input Bias Current 
(Ta = -55°C) 

Input Resistance 
(Ta = -55°C) 


Input Common-Mode Voltage Range 
(Vec = 15V, Veg =-15 V) 


Common Mode Rejection Ratio 
(Rg S10 kQ) 


Supply Voltage Rejection Ratio 
(Voc = 15 V, Veg = -15 V, Rg S10 kQ) 
Large Signal Voltage Gain 
(Veco = 15 V, Veg =-15 V, RL 22.0 kX, 
Vo=+t15V) 
Output Voltage Range 
(Vec = 15 V, Veg = -15 V) 
(RL 210 kQ) 
(RE 22.0 kQ) 
Power Supply Currents 
(Vcc = 15 V, Veg = -15 V) 
(Ta = -55°C) 
(Ta = 125°C) 
Power Consumption 
(Vcc = 15, Veg = -15 V) 
(Ta = -55°C) 
(Ta = 125°C) 


= od aad 
a oo 


N 
oa 


+ 
00 


~~ 
o 


> 
< 

~ 

Oo 


= 
2) 
x 


NN tte 
oe Ss 

aiid OA 

Os 

on 


a § 
be 3 
_ 

ee 

wo 

(ve) 

sa 
ot 
= 
on 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-159 


MC1709, MC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vcc = +15 V, Veg = —15V, Ta = 25°C) 


Mc1709C 
Characteristic Symbol 
Input Offset Voltage Vio Lo 2.0 75 


(Rg < 10k92,90V<15V,-90V > VEE Sz -15V) 
Input Offset Current 


Input Bias Current 


Input Resistance 


Output Resistance 
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Do 
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zo 
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ao 


Output Voltage Range 
(RL 210k) 
(Ry 2 2.0 kQ) 


Input Common-Mode Voltage Range 


= ICR. 
Common Mode Rejection Ratio CMRR 65 
Supply Voltage Rejection Ratio PSRR 25 200 uViV 
(Rg S10 kg) 


Transient Response 
See Figure 8 

Rise Time 
Overshoot 


MC1709C 


a 


ae aes 


input Offset Voltage Vio 
(Rg < 10k2,9.0V <Vcg < 15 V,-9.0V >VegE 2 15V) 


Input Bias Current 
Large Signal Voltage Gain 

(RL = 2.0 k2, Vo =+10V) 
Input Resistance 


Typ 


Ww 
oa 


~ 
nN 


rom 


2. > 
< 


10 

750 
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eel 


TYPICAL CHARACTERISTICS 


FIGURE 2 — TEST CIRCUIT 
{Voc = +15 Vde, Veg = -15 Vdc, Ta = +25°C) 


Test Conditions 


Curve No. 


1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
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MC1709, MC1709A, MC1709C 


FIGURE 3 — LARGE SIGNAL SWING versus FREQUENCY 
28 
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Vo, OUTPUT VOLTAGE (Voits peak to peak) 
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f, FREQUENCY (Hz) 


FIGURE 5 — OPEN LOOP VOLTAGE 
GAIN versus FREQUENCY 
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FIGURE 7 — SLEW RATE versus CLOSED LOOP GAIN 
USING RECOMMENDED COMPENSATION NETWORKS 
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CLOSED LOOP GAIN (VOLTS) 


Ay, VOLTAGE GAIN (dB) 


Ay, OPEN-LOOP VOLTAGE GAIN (dB) 


FIGURE 4 — CLOSED LOOP VOLTAGE 
GAIN versus FREQUENCY 


f, FREQUENCY (Hz) 


FIGURE 6 — VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 
100 


90 


80 


60 
0 5.0 10 15 20 


Vcc and VEE, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 8 — TRANSIENT RESPONSE TEST CIRCUIT 
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MOTOROLA 


= SEMICONDUCTOR yyy 
we =TECHNICAL DATA 


DIFFERENTIAL VIDEO 
DEBAND AMPLIFIER 
DIFFERENTIAL VIDEO AMPLIFIER a 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. .a wideband amplifier with differential input and differential out- 
put. Gain is fixed at 10, 100, or 400 without external components 


or, with the addition of one.external resistor, gain becomes adjustable ea entcGe 


G2A O 
GAIN SELECT <O~ 9 avec 
10 8 


from 10 to 400. 


@ Bandwidth — 120 MHz typical @ Ayg = 10 INPUT 2Q 


@ Rise Time — 2.5 ns typical @ Ayg = 10 628 ae, 


1) 
OJ 
GAIN SELECT VEE 


® Propagation Delay Time — 3.6 ns typical @ Ayg = 10 chin eer 


(Top View) 


OUTPUT 2 


{top view) 


G SUFFIX 
METAL PACKAGE 
FIGURE 1 — BASIC CIRCUIT FIGURE 2 — VOLTAGE GAIN CASE 603 


ADJUST CIRCUIT 
GAIN SELECT 


— 


Vcc Gia GiB 
D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
{SO-14} 


INPUT 1 


OUTPUT 
1 


ae L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


VEE 62a G28 
pone aes 
GAIN SELECT Vee G2a G28 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


PIN CONNECTIONS 


INPUT 2 
NC | 2 13 | NC 
62g GAIN SELECT | 3 121 G24 GAIN SELECT 


G1g GAIN SELECT | 4 11] Gia GAIN SELECT 


GAIN ) GIA 


SELECT ) Gon 


Gain ) 28 
SELECT { Gig 


OUTPUT 2 


(Top View) 


ORDERING INFORMATION 


MC1733G = a Metal Can 
MC1733L ~S8°C to +126°C | Ceramic DIP 


MC1733CD $O-14 

MC1733CG é 5 Metal Can 
MC1733CL BIG Ceramic DIP 
MC1733CP Plastic DIP 
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MC1733, MC1733C 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 
a. el A ae ae ee ae 


Power Supply Voltage Vcc +8.0 Volts 
VEE -8.0 


Common-Mode Input Voltag View 
ee 


Internal Power Dissipation (Note 1) 
500 
Oto +70 
-55 to +125 


Metal Can Package 
-65 to +150 


Ceramic Dual tn-Line Package 


Differential Voitage Gain 


Gain 1 (Note 2) Avd 300 400 250 
Gain 2 (Note 3) 90 100 80 
Gain 3 (Note 4) 9.0 10 


Bandwidth 

Gain 1 
Gain 2 
Gain 3 
Rise Time 
Gain 1 
Gain 2 
Gain 3 


Propagation Delay (R,=502, Vg = 1 Vp-p) 
Gain 1 
Gain 2 
Gain 3 


Input Resistance 
Gain 1 
Gain 2 
Gain 3 


(R, =509) 


(R, =502, Vo = 1 Vp-p) 


> 
an 


gs 


250 


Input Noise Voitage (R,=502, Va 
BW = 1 kHz to 10 MHz 


Input Voltage Range (Gain 2) Vin £1.0 


Common-Mode Rejection Ratio 
Gain 2 (Vem = +1 V, f S 100 kHz) 
Gain 2 (Vom = +1 V, f = 5 MHz) 


Supply Voltage Rejection Ratio 
Gain 2 (AV, = 0.5 V) 


o> 
aia) 
bp oe 
a 
Yan 
oouw 
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bee 
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fe] 
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Do 


Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 


Output Common-Mode Voltage (Gain3) 
Output Voltage Swing (Gain 2) Vo 


POurpurRessane Sd Rot 
Power Supply Current (Gain 2} a es 
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MC1733, MC1733C 


ELECTRICAL CHARACTERISTICS (Vcc = +6.0 Vde, Veg = -6.0 Vdc, at Ta = Thig 


h to Tiow unless otherwise noted.)* 


Differential Voltage Gain 

Gain 1 (Note 2) 

th 2 (Note 7 

3 (Note 4 

—s Resistance 

Gain 2 
Input Offset Current (Gain 3) 
Input Bias Current (Gain 3) 
Input Voltage Range (Gain 2) 
Common-Mode Rejection Ratio 

Gain 2 (Vom = +1 V, f S100 kHz) 
Supply Voltage Rejection Ratio 

Gain 2 (AV. = 40.5 V) 
Output Offset Voitage 

Gain 1 

Gain 2 and Gain 3 


Output Voitage Swing (Gain 2) 


Output Sink Current (Gain 2) 


Power Supply Current (Gain 2) 


*Tiow = 0°C for MC1733C, -55°C for MC1733 
Thigh = +70°C for MC1733C, +125°C for MC1733. 


FIGURE 4 — MAXIMUM ALLOWABLE POWER DISSIPATION 


NOTES 


Note 1: Derate metal package at 6.5 mW/°C for operation at 
ambient temperatures above 75°C and dual in-line pack- 
age at 9 mW/°C for operation at ambient temperatures 
above 100°C (see Figure 4). If operation at high am- 
bient temperatures is required (MC1733) a heatsink 
may be necessary to Jimit maximum junction tempera- 
ture to 150°C. Thermal resistance, junction-to-case, 
for the metal package is 69.4°C per Watt. 

Note 2: Gain Select pins G7,q and G1g connected together. 

Note 3: Gain Select pins Goa and Gog connected together. 

Note 4: All Gain Select pins open. 


CERAMIC DUAL 
IN-LINE PACKAGE 


Pp, INTERNAL POWER DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 
TYPICAL CHARACTERISTICS 


(Voc = +6.0 Vde, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 
FIGURE 5 — SUPPLY CURRENT versus TEMPERATURE FIGURE 6 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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Ip, SUPPLY CURRENT (mA) 


Ip, SUPPLY CURRENT (mA) 
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Ta, AMBIENT TEMPERATURE (°C) Vcc, IVEEI, SUPPLY VOLTAGE (VOLTS) 
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RELATIVE VOLTAGE GAIN 


RELATIVE VOLTAGE GAIN 


Ays, SINGLE-ENDED VOLTAGE GAIN (dB) 


MC1733, MC1733C 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +6.0 Vdc, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 7 — GAIN verus TEMPERATURE 


T, TEMPERATURE (°C) 


FIGURE 9 — GAIN versus SUPPLY VOLTAGE 
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FIGURE 11 — GAIN versus FREQUENCY and 
SUPPLY VOLTAGE 
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FIGURE 8 — GAIN versus FREQUENCY 
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FIGURE 10 — GAIN versus Rapyust 
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FIGURE 12 — GAIN versus FREQUENCY 
and TEMPERATURE 
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TYPICAL CHARACTERISTICS (continued) 
(Vcc = +6.0 Vdc, Veg = -6.0 Vdc, Ta = +25°€ unless otherwise noted.) 
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FIGURE 15 — PULSE RESPONSE versus TEMPERATURE 
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FIGURE 17 ~ PHASE SHIFT versus FREQUENCY 
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FIGURE 14 — PULSE RESPONSE versus SUPPLY VOLTAGE 
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FIGURE 16 — DIFFERENTIAL OVERDRIVE 
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FIGURE 18 — PHASE SHIFT versus FREQUENCY 
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TYPICAL CHARACTERISTICS (Continued) 
(Voc = +6.0 Vdc, Veg = -6.0 Vde, Tp = +25°C unless otherwise noted.) 


FIGURE 19 — INPUT RESISTANCE versus TEMPERATURE 
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FIGURE 21 — OUTPUT VOLTAGE SWING and 
SINK CURRENT versus SUPPLY VOLTAGE 
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FIGURE 23 — OUTPUT VOLTAGE SWING versus FREQUENCY 
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FIGURE 20 — INPUT NOISE VOLTAGE 
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FIGURE 22 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE 
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FIGURE 24 — COMMON-MODE REJECTION RATIO 
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APPLICATIONS INFORMATION 


FIGURE 25 — VOLTAGE CONTROLLED OSCILLATOR 


Control 
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By changing the voltage Vc the gain will 
vary over a range of 10 to 400. This will 
give a frequency variation about the value 
set by the capacitor and shown in Figure 26. 


TAPE,DRUM OR DISC MEMORY READ AMPLIFIERS 


The first of several methods to be discussed is shown in 
Figure 27. This block diagram describes a simple Read cir- 
cuit with no threshold circuitry. Each block represents a 
basic function that must be performed by the Read circuit. 
The first block, referred to as ‘‘amplfiication’’, increases 
the level of the signal available from the Read head to a 
level adequate to drive the peak detector. Obviously, these 
signal levels will vary depending on factors such as tape 
speed, whether the system used is disc or tape, and the 
type of head and the circuitry used. For a representative 
tape system, levels of 7 to 25 mV for the signal from the 
Read head and 2 V for the signal to the peak detector are 
typical. These signal levels are ‘‘peak-to-peak’’ unless 
otherwise specified. On the basis of the signal levels men- 
tioned above, the overall amplification required is 38 to 
49 cB. 

How the overall gain requirement is implemented will 
depend somewhat on the system used. For instance, a 
tape cassette system with variable tape speed may utilize 
a first stage for gain and a second stage primarily for gain 
control. Thus, a typical circuit would utilize 35 dB in the 
first stage and 10 to 15 dB in the second stage. 

Devices suitable for use as amplifiers fall into one of 
two categories, operational amplifiers or wideband video 
amplifiers. Lower speed equipment with fow transfer rates 
commonly uses low cost operational amplifiers. Examples 
of these are the MC1741, MC 1458, MC1709, and MLM301. 
Equipment requiring higher transfer rates, such as disc 
systems normally use wideband amplifiers such as the 
MC1733. The actual cross-over point where wideband 
amplifiers are used exclusively varies with equipment de- 


FIGURE 27 — TYPICAL READ CIRCUIT (METHOD 1) 
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FIGURE 26 — OSCILLATOR FREQUENCY FOR 
VARIOUS CAPACITOR VALUES 
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sign. For purposes of comparison, the MLM301 has 
slightly less than a 40 dB open-loop gain at 100 kHz; the 
MC1741, a compensated op-amp, has approximately 20 dB 
open loop gain at 100 kHz; the MC1733 has approximately 
33 dB of gain out to 100 MHz (depending on gain option 
and loading). 

There are a number of ways to implement the peak 
detector function. However, the simplest and most widely 
used method is a passive differentiator that generates ‘‘zero- 
crossings’’ for each of the data peaks in the Read signal. 

The actual circuitry used to differentiate the Read sig- 
nal varies from a differential LC type in disc systems to a 
simple RC type in reel and cassette systems. Either type, 
of course, attenuates the signal by an amount depending 
on the circuit used and system specifications. A good 
approximation of attenuation using the RC type is 20 dB. 
Thus, the 2 V signal going into the differentiator is reduced 
to 200 mV. 

The next block in Figure 27 to be discussed is the 
zero-crossing detector. In most cases detection of the zero- 
crossings is combined with the limiter. These functions 
serve to generate a TTL compatible pulse waveform with 
“edges” corresponding to zero-crossings. For low transfer 
rates, the circuit often used consists of an operational 
amplifier with series or shunt limiting. For higher transfer 
rates (greater than 100K B/S) comparators are used. 

The method described above is often modified to in- 
clude threshold sensing. {In Figure 28, the function called 
“double-ended, limit-detector’’ enables the output NAND 
gate when either the negative or positive data peaks of the 
Read signal exceed a predetermined threshold. This func- 
tion can be implemented in either of two ways. One 
method first rectifies the signal before it is applied to a 
comparator witha set threshold. The other method utilizes 
two comparators, one comparator for positive-going peaks 
and the other for negative-going peaks. These comparator 
outputs are then combined in the output logic gates. 
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APPLICATIONS INFORMATION (continued) 


FIGURE 28 — READ CIRCUIT (METHOD 2) 
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Another common technique is shown in Figure 29. 
The branch labeled rectifiers, peak detector, etc., provides 
a clock transition of the D flip-flop that corresponds to 
the peak of both the positive and negative-going data 
peaks. This branch may include threshold circuitry prior to 
the peak detector. The detector in the lower path detects 
whether the signal peaks are positive or negative and feeds 
this data to the flip-flop. This detector can be implemented 
using a comparator with pre-set threshold. 


Outputs 


FIGURE 29 — READ CIRCUIT (METHOD 3) 
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The technique shown in Figure 30 uses separate cir- 
cuits with threshold provisions for both negative and 
positive peaks. The peak detectors and threshold detectors 


Amplifiers 
mMC1733 


Output 


may be implemented with two comparators and two 
passive differentiators. 

Each of the methods shown offer certain intrinsic ad- 
vantages or disadvantages. The overall decision as to which 
method to use however often invoives other important 
considerations. These could include cost and system re- 
quirements or circuitry other than simply the Read cir- 
cuitry. For instance, if cost is the predominate overall 
factor, then approach one may be the only feasible 
alternative. 

Method four was included as a design example because 
it illustrates several unique advantages. First, it uses 
threshold sensing to reduce noise peak errors. Second, it 
may be implemented using only integrated circuits. Third, 
it offers separate, direct threshold sensing for both pos- 
itive and negative peaks. 


FIGURE 30 — READ CIRCUIT (Method 4) 
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m= SEMICONDUCTOR xox 
TECHNICAL DATA 


OPERATIONAL AMPLIFIER 


INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIERS SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
... designed for use as a summing amplifier, integrator, or amplifier with 
operating characteristics as a function of the external feedback 
components. 


@ No Frequency Compensation Required 

®@ Short-Circuit Protection 

@ Offset Voltage Null Capability CS offser Null 
@ Wide Common-Mode and Differential Voltage Ranges ) Vee 

@ Low-Power Consumption (Top View) 

@ No Latch Up 


G SUFFIX 
METAL PACKAGE 
CASE 601 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 


Power Supply Voltage 


Input Differential Voltage 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 


Input Common Mode Voltage (Note 1) 
Output Short Circuit Duration (Note 2) Continuous || 
Operating Ambient Temperature Range —55 to +125 


Storage Temperature Range 
Metal and Ceramic Packages —65 to + 150 
Plastic Packages ~55 to +125 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


NOTES: 
1. For supply voltages less than +15 V, the absolute maximum input voltage is equal! to the 
supply voltage. 
2. Supply voltage equal to or less than 15 V. 
D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
EQUIVALENT CIRCUIT SCHEMATIC (SO-8) 


NON INVERTING 
INPUT a 


INVERTING 
INPUT 


PIN CONNECTIONS 


Temperature 
Range Package 


MC1741CD $O-8 
MC1741CG LM741CH, Metal Can 


BAT41HC |, ; 
mci74icp1 | tm74icn, [°C ' +79°C! biastic DIP 


pAT41TC 
MC1741CU Ceramic DIP 


MC1741G — 56°C to Metal Can 
MC1741U + 125°C Ceramic DIP 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, Ta = 25°C unless otherwise noted). 


Input Offset Voltage 
(Rg S10 k} 
Input Offset Current 


Large Signal Voltage Gain 
(Vo = 10 V, RL > 2.0 k) 


Common Mode Rejection Ratio 
(Rg S10 k) 
Supply Voltage Rejection Ratio 
(Rg S10 k) 
Output Voltage Swing 
(RL 2 10 k) 
(Ry 22k) 
Output Short-Circuit Current 
Supply Current 


Transient Response (Unity Gain — Non-Inverting) 
(Vj = 20mvV,R_ => 2k, CL < 100 pF) Rise Time 
(Vj =20mvV,R_ >2k,C_ < 100 pF) Overshoot 
(V;=10V, RL 22k,CL_ <100pF) Slew Rate 


Symbol 


Input Offset Voitage 
(Rg S10 kQ) 
Input Offset Current 
(Tp = 125°C} 
(Ta = -55°C) 
(Ta = O°C to +70°C) 
Input Bias Current 
(Ta = 125°C) 
(Ta = -55°C) 
(Tp = OPC to +70°C) 
Common Mode Input Voltage Range 


Common Mode Rejection Ratio 
(Rg S10 k) 

Supply Voltage Rejection Ratio 
(Rg S10 k) 

Output Voltage Swing 
(RL 210 k) 
(RU 22k) 


Large Signal Voltage Gain 
Supply Currents 
(Ta = 125°C) 
(Tp = -55°C) 
Power Consumption (Ta = +125°C) 
(Ta = -55°C) 
*Thigh = 125°C for MC1741 and 70°C for MC1741C 
Tiow = -55°C for MC1741 and 0°C for MC1741C 
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FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE 
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FIGURE 5 — BURST NOISE TEST CIRCUIT 
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Unlike conventional peak reading or RMS meters, this system was The test time employed is 10 seconds and the 20 uV peak 
especially designed to provide the quick response time essential to limit refers to the operational amplifier input thus eliminating 
burst (popcorn) noise testing. errors in the closed-loop gain factor of the operational amplifier 
under test. 
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TYPICAL CHARACTERISTICS 
(Voc =+15 Vdc, Veg = -15 Vdc, Ta - +25°C unless otherwise noted) 


FIGURE 6 — POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 
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FIGURE 10 — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 
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FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE 
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FIGURE 9 —NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER 
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FIGURE 12 — NONINVERTING PULSE RESPONSE 
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FIGURE 13 — TRANSIENT REPONSE TEST CIRCUIT 
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FIGURE 14 — OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 
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8 SEMICONDUCTOR oy 
TECHNICAL DATA 


HIGH SLEW RATE, INTERNALLY COMPENSATED OPERATIONAL AMPLIFIER 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
The MC1741S/MC1741SC is functionally equivalent, pin com- INTEGRATED CIRCUIT 


patible, and possesses the same ease of use as the popular MC1741 
circuit, yet offers 20 times higher slew rate and power bandwidth. 
This device is ideally suited for D-to-A converters due to its fast 
settling time and high slew rate. 


@ High Slew Rate — 10 V/us Guaranteed Minimum (for unity gain only) 
@ No Frequency Compensation Required 
@ Short-Circuit Protection 
@ Offset Voltage Null Capability e 
: : . G SUFFIX 
@ Wide Common-Mode and Differential Voltage Ranges METAL PACKAGE 
@ Low Power Consumption CASE 601 
e 


No Latch-Up 
(Top View) 


1 


D SUFFIX 


P1 SUFFIX PLASTIC PACKAGE 
PLASTIC PACKAGE CASE 751 


CASE 626 ($0-8) 


TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 


Veco =5.0V Vref = 2.0 Vde 
R1T=A2 F10kKQ 
Ro = 5.0k22 


1 


ORDERING INFORMATION 


Device Temperature Range 
MC1741SG —5B°C to + 126°C 


MC1741SCD $0-8 

MC1741SCG O°C to +70°C Metal Can 

MC1741SCP1 Plastic DIP 
Theoretical Vo 


Vref Al A2 A3 A4 A5 AG AT AB 
= go) J—+t— + — t+— +a + t+ + 
R1 2 4 8 16 32 64 128 256 


Mc1508L-8 
MC 1408L 
Series 


Veez-15V 


Pinar snow are not bonimeted: Adjust Vref, R1 or RQ so that VQ with all digital inputs at high level 


Settling time to within 1/2 LSB (+19.5 mV) is approxi- is equal to 9.961 volts. 
mately 4.0 us from the time that all bits are switched. 
*The value of C may be selected to minimize overshoot 
and ringing (C ~ 150 pF). 


2Vv 117 4 «14°21 1 1 
Vo=7, (5k) =+—+—+t 


255 
—+—+—+——+—|=10v |—| =9.961 
2°4°8 16°32 64 128° 256)” [| cen 


MC1741S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versus MC1741S RESPONSE COMPARISON 


1.0 ps/DIV 10 us/DIV 
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CIRCUIT SCHEMATIC 


INVERTING 
INPUT © 


QUTPUT 


NONINVERTING , 
INPUT 


OFFSET 5 
NULL 


MC1741SC MC1741S I eee 
+18 +22 
-18 -22 


Vde 
Output Short-Circuit Duration (See Note 2) | Continuous TY 


Power Dissipation (Package Limitation) 
Meta! Package 680 
Derate above Ta = +25°C 46 
Plastic Dual In-Line Package 625 
Derate above Ta = +25°C 5.0 


Storage Temperature Range 
Metal Package ~65 to +150 
Plastic Package ~55 to +125 


Note 1. For supply voltages Jess than +15 Vde, the absolute maximum input voltage is equal to the supply voitage. 
Note 2. Supply voltage equal to or less than 15 Vdc. 


FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE 
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FIGURE 1 — OFFSET ADJUST CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Veg = - 15 Vde, Tp = +25°C unless otherwise noted.) 
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| Min | Tye | | Min | Typ _ | 

Power Bandwidth (See Figure 3) kHz 
Ay = 1, RL = 2.0 k2, THD = 5%, Vo = 20 Vip-p) Bary 200 200 

Large-Signal Transient Response 

Slew Rate (Figures 10 and 11) SR 

V(-) to V(+) 20 20 Vius 
V(+) to V(-} 12 12 

‘Settling Time (Figures 10 and 11) tsetig 3.0 3.0 MS 
(to within 0.1%) 

Smail-Signal Transient Response 

(Gain = 1, Ejp_ = 20 mV, see Figures 7 and 8) 

Rise Time tTLH 0.25 0.25 us 
Fall Time tTHL 0.25 0.25 us 
Propagation Delay Time tePLH-tPHL 0.25 0.25 us 
Overshoot os % 

[Short Circuit Output Currents ———S~S~w tg et 735 _[_mA 


Open-Loop Voltage Gain (Rx_ = 2.0 kQ) (See Figure 4) eee 
Vo = +10 V, Ta = +25°C 50,000 | 200,000 
Vo = +10 V, Ta = Tow! to Thigh” 25,000 
[Oupat impedence (r= 20Fa) 


Output Voltage Swing 
Ri = 10 kQ, Ta = Tow to Thigh (MC17415S only) 
Ri = 2.0k9, Ta = +25°C 

Ryu = 2.0 kQ, Tp = Tow t9 Thig 


M 
Vv 


| 0.3 | 


ih 
Input Common-Mode Voltage Range 
Ta = Tow tO Thigh (MC1741S) 
Common-Mode Rejection Ratio (f = 20 Hz) CMRR 
TA = Tow t© Thigh (MC1741S) 
Input Bias Current (See Figure 2) 
Ta = +25°C and Thigh 
Ta = Tow 
Input Offset Current 
Tp = +25°C and Thigh 
Ta = Tow 
Input Offset Voltage (Rg = 
Ta = +25°C 
Ta = Tow t° Thig 


20 
20,000 | 100,000 
15 _— 

+13 


Vok 


70 


I+ 1+ 
as 
wb 


800 


(ioe es 


88 
8 


1500 


3 
> 


88 


<10 kQ) Viol 


h 
DC Power Consumption (See Figure 9) 


mV 
2.0 6.0 
- 75 
(Power Supply = +15 V, Vo = 0) 
TA = Tlow t0 Thigh 
Positive Voltage Supply Sensitivity PSSt+ BVIV 
(VEE constant) 
Ta = Tlow to Thigh on MC1741S 
Negative Voltage Supply Sensitivity 
(Voc constant) 


*Tlow = 0 for MC1741SC Thigh = +70°C for MC1741SC 
= -55 °C for MC1741S = +125 °C for MC1741S 


Jos 
Vo 
Pc 
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MC1741S, MC1741SC 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 3 — POWER BANDWIDTH — NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE 


PEAK QUTPUT VOLTAGE FOR < 5% THD (VOLTS) 


10 100 1.0 k 10k 100 k 1.0M 1.0 10 100 1.0k 10k 100k 10M 10M 
{, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 6 ~ OUTPUT NO! 
FIGURE 5 — NOISE versus FREQUENCY SBURGE Dance versus 


€n, INPUT NOISE VOLTAGE (nV//Hz) 


Gon, OUTPUT NOISE VOLTAGE (mV{RMS]) 


f, FREQUENCY (Hz) Rg, SOURCE RESISTANCE (OHMS) 
FIGURE 7 — SMALL-SIGNAL TRANSIENT FIGURE 8 — SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS RESPONSE TEST CIRCUIT 


OVERSHOOT 
Vos 


OUTPUT 
rN 


Vo 


OUTPUT 


il 100 pF = 
” BALL TIME - 


{THLE 


OVERSHOOT Vos 


RISE TIME 
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MC1741S, MC1741SC 


TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 9 — POWER CONSUMPTION versus POWER 
SUPPLY VOLTAGES 


Pc, POWER CONSUMPTION (mW) 


0 5.0 1 1§ 20 25 
Vcc and iVEE!, SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — LARGE-SIGNAL TRANSIENT WAVEFORMS 


+10V 


INPUT soy 


-10V SLEW 

vedio ) 
+) to pH 

(MEASUREMENT SLEW 

PERIOD) RATE 

Vi-) to V(+) 
(MEASUREMENT 
PERIOD) 


ALLOWABLE 
ERROR 
BAND 


OUTPUT 


SETTLING 
TIME 


FIGURE 11 — SETTLING TIME AND SLEW RATE TEST CIRCUIT 


“Match to within OOF. 


INS16 
OA EQUIV 


INS16 
OR EQUIV Pins not shown are not connected. 


SETTLING TIME 


In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con- 
sidered to avoid the possibility of excessive ringing. in 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 


SETTLING TIME MEASUREMENT 


In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the ‘‘false’’ 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de- 
termine when the waveform at the output of the op- 
erational amplifier settles to within 0.1% of it’s final 
value. Because the output and input voltages are ef- 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 

The solution to these problems is the creation of a 
second or ‘‘false’’ summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure- 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con- 
sidered. The expression 


tsetig = V x2 + y2+ 22 


can be used to determine the actual amplifier settling 
time, where 
tsetig = observed settling time 

x = amplifier settling time (to be determined) 

y = false summing junction settling time 

z= oscilloscope settling time 
It should be remembered that to settle within +0.1% 
requires 7RC time constants. 

The +0.1% factor was chosen for the MC1741S 
settling time as it is compatible with the +1/2 LSB 
accuracy of the MC1508L8 digital-to-analog converter. 
This D-to-A converter features +0.19% maximum error. 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-179 


MC1741S, MC1741SC 


FIGURE 12 — WAVEFORM AT FALSE SUMMING NODE TYPICAL APPLICATION 
FIGURE 14 — 12.5-WATT WIDEBAND POWER AMPLIFIER 


+15 V 


MCL1304 
or equiv( ) 
(CURRENT 

LIMITING 
(01008) 


200 mV/OIV 


MJE1100 
OR EQUIV 


MPS-A12** 
OR EQUIV 


1.0 us/DIV 
FIGURE 13 —- EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 


INPUT 


OR EQUIV 
(CURRENT 
CIMITING 


> 

P=} 0.1% DIODE) 
$ }} ERROR 

z BAND 

S 


Delivers 12.5 Watts into 4.0 ohms with less than 1% THO to 100 kHz. 
Pins not shown are not connected. 

i “Bias current adjustment to eliminate Crossover Distortion. 

t **Epoxy to power transistor heat sink or case for maximum Thermal Feedback. = 


AE Tce eee aN (SR Pee eet 


1.0 ys/DIV 
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MOTOROLA 


= SEMICONDUCTOR xy 
TECHNICAL DATA 


(DUAL MC1741) 
INTERNALLY COMPENSATED, 
HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 
... designed for use as summing amplifiers, integrators, or am- 
plifiers with operating characteristics as a function of the external 
feedback components. The MC1747L and MC1747CL are func- 
tionally and electrically equivalent to the A747 and »A747C 
respectively. 
No Frequency Compensation Required 
Short-Circuit Protection 
Wide Common-Mode and Differential Voltage Ranges 
Low-Power Consumption 
No Latch Up 
Offset Voltage Null Capability 


FIGURE 1 — HIGH-IMPEDANCE, HIGH-GAIN 
INVERTING AMPLIFIER 
Vcc 


2 = 200 Maz 


Terminals not shown are not connected. 


FIGURE 2 — CIRCUIT SCHEMATIC 


aa 
INVERTING 
INPUT 
O 


(DUAL MC1741) 


DUAL 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 603 
(9) Output B 


O) 


Non-tny Input (4) (6) Non-Inv tnput 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


PIN CONNECTIONS 


Offset 
Adj. B 


Non inv 
Input [s 


tnv Input 


VccA and VccB are not connected internally. 


ORDERING INFORMATION 


MC1747G 3 e Metal Can 
MC1747L — 55°C to + 125°C 


Ceramic DIP 


MC1747CD $0-14 
MC1747CG . 4 Metal Can 
MC1747CL Beto, IC Ceramic DIP 
MC1747CP2 Plastic DIP 
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MC1747, MC1747C 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Supply Voltages 


-65 to +150 -65 to +150 


Junction Temperature 
Ceramic and Metal Package 
Plastic Package 


Input Bias Current 
Ta = +25°C 
Ta = Thigh @ 
Ta=Tlw @ 
Input Offset Current 
Tp = +25°C 
Ta = Thigh 
Ta = Tow 
Input Offset Voltage (Rg < 10k) 
Ta = +259C 
TA = Tlow t0 Thigh 
Offset Voltage Adjustment Range 
Oifferential tnput Impedance (Qpen-loop, f = 20 Hz) 
Parallel Input Resistance 
Paratlel Input Capacitance 
Common-Mode Input Voltage Swing 
Tow S Ta < Thigh 
Common-Mode Rejection Ratio (Rg = 10k) 
Tlow S Ta S Thigh 
Open-Loop Veltene Gain 
=+ 
ye i ghee Trig VO = #10 V,RL = 2.0k2) 
Transient Response (Unity Gain) 
(Vin = 20 mV, Rt = 2.0k2, Cy < 100 pF) 
Rise Time 
Overshoot Percentage 


Slew Rate (Unity Gain) 
Short-Circuit Output Current 


Channel Separation 

Output Voltage Swing (Tiow < Ta < Thigh) 
Ry = 10k2 
RL =2.0k2 

Power Supply Sensitivity (Ttow to Thigh) 
VEE = Constant, Rg [10k 
Vcc = Constant, Rg <10k2 

Power Supply Current (each amplifier) 
Ta = +25°C 


Ta = +25°C 
Ta = Tow 
Ta = Thigh 


VicR 
+12 + 13 


a 
= 
D 
D 
sv 
° 


MC1747 MC1747C 
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< 
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© For supply voltages of less than +15 V, the maximum differential input voltage is equal to + (Vcc + |VeEgl). 
@ For supply voltages of less than + 15 V, the maximum input voltage is equal to the supply voltage (+Vcc, —|Vg¢l). 


@ Tow : 0°C for MC1747CL 
— 55°C for MC1747L 
Thigh: + 70°C for MC1747CL 
+ 125°C for MC1747L 
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MC1747, MC1747C 


FIGURE 3 — TYPICAL FREQUENCY-SHIFT KEYER TONE 
GENERATOR TEST CIRCUIT 


15V Voc@isv 


FREQUENCY 


L O 0 SHIFT 
6 0.1 pF ® O.1 uF OUTPUT 
Vcc : ai 0.001 pF a 
+15 V = VEE — — T Vec = 
91 1270 Hz -15V “SV = +150 
ser FIGURE 4 — TYPICAL FREQUENCY-SHIFT KEYER TONE GENERATOR 
JA 
1070 Hz 
Set 
> 
2nzgoa $k Q 
1Ng14 OR Equiv = 
OR EQUIV S 
43k 
Terminais not shown are not connected. 
0.5 ms/DIV. 
TYPICAL CHARACTERISTICS 
(Voc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 
FIGURE 5 — OPEN-LOOP VOLTAGE GAIN 
versus POWER-SUPPLY VOLTAGE FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE 
+120 T —— = ~—— 
a +100 +- | 
=z 
2 ~_ 
= S +80 
uw 2 
< S +60 
Sond ite) 
s 2 
= +40 
8 8 
ref 3 +20 
= < 
3 0 
.- 
-20 
0 3.0 6.0 9.0 12 15 18 21 24 1.0 10 100 10k 10k 100k 10M 10M 
Vcc and Veg, POWER-SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (Hz) 
FIGURE 7 — POWER BANDWIDTH FIGURE 8 — POWER CONSUMPTION 
(LARGE SIGNAL SWING versus FREQUENCY) versus POWER SUPPLY VOLTAGE 


TAGE FOLLOWER) 
VOLT SUPPLIES 
THD < 6% 


Vo, OUTPUT VOLTAGE (Vp-p) 
, POWER CONSUMPTION (mW) 


10 100 1.0k 10k 100 k 
f, FREQUENCY (Hz) Vcc and Veg, POWER SUPPLY VOLTAGE (VOLTS) 
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MC1747, MC1747C 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +15 Vde, Veg = -15 Vde, Ta = +25°C unless otherwise noted.) 


FIGURE 9 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE FIGURE 10 — OUTPUT NOISE versus SOURCE RESISTANCE 
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| | | | bY att pp 
[Tis voursupecies | [I 
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MOTOROLA MC1748 
= SEMICONDUCTOR oxox 
TECHNICAL DATA MC1748C 


OPERATIONAL AMPLIFIER 


HIGH PERFORMANCE SILICON MONOLITHIC 
OPERATIONAL AMPLIFIER INTEGRATED CIRCUIT 


The MC1748 is designed for use as a summing amplifier, inte- 
grator, or amplifier with operating characteristics as a function of 
the external feedback components. 


@ Noncompensated MC1741 
@ Single 30 pF Capacitor Compensation Required For Unity Gain 1 1 

ae ‘ P1 SUFFIX U SUFFIX 
® Short-Circuit Protection PLASTIC PACKAGE CERAMIC PACKAGE 
@ Offset Voltage Null Capability CASE 626 CASE 693 

: 1 
@ Wide Common-Mode and Differential Voltage Ranges IMELISEC Only) 
Balance +] oO Compensation 

@ Low-Power Consumption 
@ No Latch Up 


FIGURE 1 — CIRCUIT SCHEMATIC 


‘5 (2) V7 (6) Output 
om 
84 ba 63) 
()) 


G SUFFIX 
METAL PACKAGE 
CASE 601 


NON-INVERTING : 
PF. 


INVERTING 
INPUT 


ORDERING INFORMATION 


Temperature Range Package 


MC1748G < = Metal Can 
MC1748U 58°C to +125°C | Coremic DIP 


MC1748CG Metal Can 
MC1748CP1 0°C to + 70°C Plastic DIP 
MC1748CU Ceramic DIP 


FIGURE 3 — SINGLE-POLE COMPENSATION FIGURE 4 — FEEDFORWARD COMPENSATION 


OFFSET 
NULL 


TYPICAL COMPENSATION CIRCUITS 


FIGURE 2 — OFFSET ADJUST AND 
FREQUENCY COMPENSATION 
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MC1748, MC1748C 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Output Short Circuit Duration Continuous 


Power Dissipation (Package Limitation) 680 
Derate above Tg = +25°C 4. 


6 
Operating Temperature Range -55 to +125 
-65 to +150 | -65 to +150 


Input Bias Current 
Ta = +25°C 
Ta = Tlow to Thigh @ 
Input Offset Current 
Ta = +25°C 
TA = Tlow 0 Thigh 
Input Offset Voltage (Rg < 10 k £2) 
Ta = +25°C 
Ta = Tiow tO Thigh 
Differential Input Impedance (Open-Loop, f = 20 Hz) 


‘ of E-4 
Oe <s 


Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Impedance (f 20 Hz) 
Common-Mode Input Voitage Swing 


Common-Mode Rejection Ratio (f = 100 Hz) 


Open-Loop Voltage Gain, (Vg = +10 V, Ri = 2.0k ohms) 
Ta = +25°C 
TA = Tiow t© Thigh 
Step Response (Vjpn = 20 mV, C, = 30pF, Ry = 2k82, Cy = 100 pF) 
Rise Time 
Overshoot Percentage 
Slew Rate 
Output Impedance (f = 20 Hz) 
Short-Circuit Output Current 
Output Voltage Swing (Ry = 10 k ohms) 
Ry = 2k ohms (Tg = Tow t9 thigh! 
Power Supply Sensitivity 


+ 


VEE = constant, Rs < 10 k ohms 


30 
Vcc = constant, Rg < 10 k ohms S- 
Power Supply Current Ip* 1.67 2.83 
Ip7 1.67 | 2.83 


OC Quiescent Power Dissipation 
(Vg = 0) 


i 
0.2 
0.5 

ie 

ze 

e 

ex 

= 


‘O) For supply voltages less than +15 V, the Maximum Input Voltage is equal to the Supply Voitage. 


@ Tiow: 0°C for MC1748C 
-55°C for MC1748 
Thigh: +70° for MC1748C 
+125°C for MC1748 
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Av, VOLTAGE GAIN (dB) 


MC1748, MC1748C 


TYPICAL CHARACTERISTICS 
(Vcc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 5 — MINIMUM INPUT VOLTAGE RANGE FIGURE 6 — MINIMUM OUTPUT VOLTAGE SWING 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATUR 
RANGES 


Vip, INPUT VOLTAGE RANGE (VOLTS) 


Vor, OUTPUT VOLTAGE RANGE (+VOLTS) 


0 5.0 10 15 20 
Vec AND (- VEE), SUPPLY VOLTAGES (VOLTS) 


FIGURE 7 — MINIMUM VOLTAGE GAIN FIGURE 8 — TYPICAL SUPPLY CURRENTS 
T 
—+ ha 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 


Miecescs UES le 


MC1748 
only 


Ay, VOLTAGE GAIN (dB) 


Icc. EE, SUPPLY CURRENTS (mA) 


0 5.0 10 1§ 20 i 
Vcc AND (— Veg), SUPPLY VOLTAGE (VOLTS) Voc AND (— Vee), SUPPLY VOLTAGE (VOLTS) 
FIGURE 9 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 10 — LARGE-SIGNAL FREQUENCY RESPONSE 
+180 


T r T rT 
SINGLE-POLE COMPENSATION 
or are Saeed eae 
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= tH 
+140 i + - 315 > 
a > | 
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f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
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Vir. Von. VOLTAGE RANGE (+ VOLTS) 


Vor, OUTPUT VOLTAGE RANGE (-VOLTS) 
i+ 


MC1748, MC1748C 


TYPICAL CHARACTERISTICS (continued) 
(Voc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 11 ~ VOLTAGE FOLLOWER PULSE RESPONSE 


Ay, VOLTAGE GAIN (dB) 


t, TIME (us) 


FIGURE 13 — LARGE-SIGNAL FREQUENCY RESPONSE 


Vor. OUTPUT VOLTAGE RANGE {: VOLTS} 


{, FREQUENCY {Hz) 


FIGURE 12 — OPEN-LOOP FREQUENCY RESPONSE 


+140 5 a See | 
FEEDFORWARD COMPENSATION Ted 
+120 aaa | 
+100 
+80 | 
+60 —— 
+40 — 
+20 | 
0 
20 


: 10 100 10k 10 k 100k = 1.0M 10M 100M 
f, FREQUENCY (Hz) 


FIGURE 14 — INVERTER PULSE RESPONSE 


t, TIME (us) 
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MOTOROLA 


= SEMICONDUCTOR xoxox 
TECHNICAL DATA 


MICROPOWER PROGRAMMABLE PROGRAMMABLE 
OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER 


This extremely versatile operational amplifier features low power 
consumption and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of 
an external resistor value or current source applied to the Iset input. 
This allows the amplifier’s characteristics to be optimized for input 
current and power consumption despite wide variations in operating 
power supply voltages. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


. G SUFFIX 
+1.2 V to +18 V Operation Yj w4 aaa apa 
Wide Programming Range 

Offset Null Capability 

No Frequency Compensation Required 


Low Input Bias Currents 


Short-Circuit Protection ‘ Bs: © 
Non-tnverting wok Bor Null 


RESISTIVE PROGRAMMING (See Figure 1.} 


(Top View) 
Rset to GROUND Reet to NEGATIVE SUPPLY 
(Recommended for suppty voltage 
less than +6.0 V) P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 


(MC1776C Only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


Reset 


Vcc -0.6 -VEE 


Iser= 
Rser 


Typical Reey Values Typical Ree, Values 
Voc. Vee| 'set = 1-5 HA | Iset = 15 HA Voc. VEgpeet = Ueue 


360 kQ 160k 82 
620k22 360 kQ2 
750 kQ 750 kK22 
1.0MQ2 2.0 M22 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


Offset Null [1] 18) 'sor 
Inverting Input [2] Vec 
Noninverting Input [3] eS 16] Ourput 
VEE =e Offset Null 


(Top View) 


ACTIVE PROGRAMMING 


FET CURRENT SOURCE BIPOLAR CURRENT SOURCE 


ORDERING INFORMATION 


Device Temperature Range 
—55 to + 125°C 
MC1776U Ceramic DIP 


pci77ece 
Oto +70°C 


Ceramic DIP 


Pins not shown are not connected. 
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MC1776, MC1776C 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


Power Supply Voltages : Vec. VEE 
Differential Input Vortaae 


Common-Mode Input Voltage VicmM 
Vcc and iVegl < 15 V Vcc. VEE 
Vec and |lVegeEl > 15 V +15 


Offset Null to VEE Voltage Voff-VEE Vv 
[Prosramming Gurren id ieee iP 8 


Programming Voltage Vset (Vcec-2.0 Vv) 
(Voltage from Isge¢ terminal to ground) to 
Vcc 


Ouiput Short-Gireuit Duration® ee 
T 


ts 
Operating Temperature Range A 
MC1776 -55 to +125 
MC1776C 0 to +70 
J 


Storage Temperature Range Tstg 
Metal and Ceramic Packages -65 to +150 
Plastic Package -55 to +125 
Junction Temperature T 
Metal and Ceramic Packages 
Plastic Package 


“May be to ground or either Supply Voltage. Rating applies up to a case temperature of +125°C 
or ambient temperature of +70°C and Icet < 30 WA. 


SCHEMATIC DIAGRAM 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +3.0 V, Veg = -3.0 V, Iset = 1.5 HA, Ta = +25°C unless otherwise noted.) 
MC1776C 


«+ 
< 
GB 


Input Offset Voltage (Rg < 10 kQ) 
Ta = +25°C 
Tiow” < TA < Thigh* 


| 
ba 
< 


2 OD aid 
S00 no 


E 
< 


Input Offset Current 
Ta =+25°C 
TA = Thigh 
Ta = Tlow 

{Input Bias Current 
Ta = +25°C 
TA = Thigh 
Ta = Tiow 


=) > 
= 


_N 
or oy 


ny 
oO 
+ + 
Nn = 
(o>) foo) 


Large Signal Voltage Gain 
RL > 75 k2, Vo = #1.0V, Ty = +25°C 200 k 
RL = 75 k2, Vo = +10 V, Tiow < Ta § Thigh 


“Output Voltage Swing Vo 
R_ 2 75 kQ, Tiow < TA < Thigh +2.0 +2.4 


Output Resistance fo 
Output Short-Circuit Current 


25 k 
25k 


200 k 


N 
P2] Be 7 


w 
oO 
oO 


~w 
oO 


i+ 

Ww 

: N | | bbe 
py 


Supply Current 

Ta = +25°C 

Tiow < TA < Thigh 
Power Dissipation 

Ta = +25°C 

Tiow < Ta € Thigh 


Transient Response (Unity Gain) 
Vin = 20 mV, RL 2 5.0 kQ, C, = 100 pF 


Rise Time 
Overshoot 
Slew Rate (Ry > 5.0 kQ) 
*“Tlow = ~55°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C +70°C for MC1776C 


VOLTAGE OFFSET TRANSIENT-RESPONSE 
NULL CIRCUIT TEST CIRCUIT 


TOVcC 


Pins not shown are not connected. 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS — continued (Vcc = +3.0 V, VEE = —3.0V, Iset = 15 uA, TA = +25°C unless otherwise noted.) 


f 


Characteristic 
Input Offset Voltage (Rg < 10 kQ) 
Ta = +25°C 
Tlow* < Ta < Thigh* 
Input Offset Current 
Ta =+25°C 
Ta = Thigh 
Ta = Tlow 
Input Bias Current 
Ta = +25°C 
Ta = Thigh 
TA = Tow 
Input Resistance 


; | 


+ 
- 
°o 
nN 


gi 

f=) 
gl 
o 


Input Capacitance 


Large Signal Voltage Gain 
Ry >5.0k2, Vg = 41.0 V, Ty = +25°C 


RL 2=5.0k2, Vo = +10 V, Tow < Ta < Thigh 
Output Voltage Swing 

Ry 25.0 kN, Tlow < Ta < Thigh 
Output Resistance 


2 


Common-Mode Rejection Ratio 
Rg < 10 k2, Tipew S$ Ta < Thigh 


3) 


[o) 
oa 


r 
LS 


Supply Current 
Ta = +25°C 
Tiow © TA § Thigh 
Power Dissipation 
Ta = +25°C 
Tiow $ TA § Thigh 
Transient Response (Unity Gain) 
Vin = 20 mV, Ry > 5.0 kN, Cy = 100 pF 


Rise Time 
Overshoot 
Slew Rate (Ry > 5.0 k2) 
*Tlow = -85°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C +70°C for MC1776C 
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ELECTRICAL CHARACTERISTICS — continued (Vcc = +15 V, Veg = —15V, Iset = 1.5 nA, Ta = +25°C unless otherwise noted.) 


MC1776 MC1776C 
Characteristic 


Input Offset Voltage (Rg < 10 kQ) 
Ta =+25°C 
Tiow* < Ta < Thigh* 
Vion 
Input Offset Current 
Ta = +25°C 
Ta = Thigh 
Ta = Tlow 
Input Bias Current 
Ta = +25°C 
Ta = Thigh 
Ta = Tlow 
Input Resistance 


+ 
< 


sis fe 


Symbol 
Vio 


3 


< < 


m 
> 


0.7 


at a7 OVO 
ou loom =) 


N 
o 


ue) 
n 


Input Capacitance 


ne 

BE 

ae 

es 
"input Voltage Range 


Tiow § TA < Thigh Re sa 


Large Signal Voltage Gain AVOL 
RE = 75 kQ, Vo = +10 V, Ta = +25°C 200k | 400k 
RL 2 78 k2, VO =+10V, Tow < Ta < Thigh 100 k 


Output Voltage Swing 

Ry_ = 75 kQ, Tp = +25°C 

RL 278 k2,Tiow < Ta < Thigh 
Output Resistance 
Output Short-Circuit Current 
Common-Mode Rejection Ratio CMRR 


Lees 
Rg < 10 k&, Tiow < Ta < Thigh | 


+ 
= 
oOo 


= 


n 


50 k 


Supply Voltage Rejection Ratio 
Rg < 10 kQ, Tipw = Ta < Thigh 
Supply Current 
Ta =+25°C 
Tiow < Ta < Thigh 
Power Dissipation 
TaA= +25°C 
Tlow < Ta < Thigh 
Transient Response (Unity Gain) 
Vin = 20 mV, Ry 25.0 kQ, C, = 100 pF 


I+ nN 


[Max _| 
6.0 
75 

am 
6.0 
6.0 
10 

maz 

feed 
ei - 
at 
= 


0.75 
0.9 


Moe 
x ee fe 
on x 
i 
ro) 


Rise Time tTLH 
Overshoot 

*Tlow = -55°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C +70°C for MC1776C 
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ELECTRICAL CHARACTERISTICS — continued (Vcc = +15 V, Veg = —15V, Iset = 15 uA, TA = +25°C unless otherwise noted.) 


MC1776 
Characteristic | Max | 


y 
Input Offset Voltage (Rg < 10 k2) 
Ta = +25°C 
Tiow* $ Ta < Thigh” 
Offset Voltage Adjustment Range 


Symbol 


a] 


0 


pte 

° 

NO 

om) 
3 


3 


isi > 
ANN Ps 
oan 
he} =) 
<j fof fe | 


VioR 
Input Offset Current 
Ta = +25°C 
Ta = Thigh 
Ta = Tlow 
Input Bias Current 
Ta = +25°C 
TA = Thigh 
Ta = Tlow 
input Resistance 


N 
° 


= 
alike) 


Input Capacitance 


5 > = 
> . 
a 


Input Voltage Range 
Tiow $ TA < Thigh 


Large Signal Voltage Gain AVOL 
RL >5.0k2, Vg = #10 V, Ta = +25°C 100k | 400 k 
Ri > 75 k2, Vo = £10 V, Tlow < Ta < Thigh 75 k 


Output Voltage Swing 
Ru =5.0k2,T, = +25°C 
Ru > 75 kQ, Tiow < Ta < Thigh 
Output Short-Circuit Current 


Common-Mode Rejection Ratio 
Rg < 10 ka, Tow <Ta< = Thigh 


Sar oB ar ll joo | - | 2 | 200 | 

Rg < 10 k&, Tiow < Ta < Thigh 25 200 

Supply Current Icc. (EE uA 
TaA= +25°C 160 180 190 


Power Dissipation 
tTLH 0.35 0.35 “i 
Os 10 10 


NTO 1d 
oO} ° 
on 
oo 
I+ 
SS 
oO 


< 
oe) 


3 
> 


aaa 
= | 
V/V 
50k 400 k 
50 k - 
P| 
aes 


CMRR 


+ 
_ 
Ww 


x 


Ta = +25°C 

Tiow < TA § Thigh 

Transient Response (Unity Gain) 
n= 20 mV, Ry > 5.0 k2, Cy = 100 pF 


Rise Time 
Overshoot 
Slew Rate (RL > 5.0 kA) ae aa a ee ee ee 
*Tiow = ~55°C for MC1776 Thigh = +125°C for MC1776 
0°C for MC1776C +70°C for MC1776C 
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100 M 


Reet, SET RESISTOR (OHMS) 


Avot, OPEN-LOOP GAIN (V/V) 


\jg, INPUT BIAS CURRENT (nA) 


MC1776, MC1776C 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 2 — POSITIVE STANDBY SUPPLY 
CURRENT versus SET CURRENT 


FIGURE 1 — SET CURRENT versus SET RESISTOR 


GRAN OBA Rill 
CCC Tore 7 


Iset, SET CURRENT (uA) 


FIGURE 5 — INPUT BIAS CURRENT 
versus AMBIENT TEMPERATURE 


*3V<Vec <+18V 
-3V>VegE 2-18 V 


T, TEMPERATURE (°C) 


GAIN-BANOWIDTH PROOUCT (Hz) 
NUUOTN GI Th 


_ 4 

3 43V<Vec <tl etd 

2 -3V>VeEE>-1 = 

< 100 tI 

a -———+—F -—+4 

3 4 == 

Sacennee 

a on va 

na _— —— 
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=e Fr Ss 

= ees ee Pa 

Sa me 

= --—++4 p++ 

5 —a I =a ae 

Ss | as qe 
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Ise, SET CURRENT (uA) 


FIGURE 4 — INPUT BIAS CURRENT versus SET CURRENT 


lig, INPUT BIAS CURRENT (nA) 


Iset, SET CURRENT (uA) 


FIGURE 6 — GAIN-BANDWIDTH PRODUCT (GBW) 
versus SET CURRENT 


10 M eee 


1.0M 


< <i 


mo 


NTT 


100k 


CAAT 


10k 


Iset, SET CURRENT (uA) 
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Vo, OUTPUT VOLTAGE SWING (V) 


V(RMS), MEAN-SQUARE VOLTAGE (V2/Hz) 


MC1776, MC1776C 


‘TYPICAL CHARACTERISTICS (continued) 
(Tp = +25°C unless otherwise noted.) 


VO(p-p), PEAK-TO-PEAK OUTPUT 


s 


= nN 
@ a 


VOLTAGE SWING (V) 
Nn 


eT 


vees = +15 V 
tet = 15 uA all 


FIGURE 7 ~ OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


10k 
R,, LOAD RESISTANCE (QHMS) 


FIGURE 9 — OUTPUT SWING 
versus SUPPLY VOLTAGE 


o 
t 
Ww 


10-14 


20 4.0 6.0 8.0 10 12 14 16 18 20 
Vcc. !VEEI, SUPPLY VOLTAGES (V) 
FIGURE 11 — INPUT NOISE VOLTAGE 


versus SET CURRENT 


+3V< Vcc <+18V 
-3V > VEE > -18V 


Iset. SET CURRENT (uA) 


SR, SLEW RATE (V/us) Ig, SUPPLY CURRENT (uA) 


OPTIMUM SOURCE RESISTANCE (M2) 


UT 


0.01 


FIGURE 8 — SUPPLY CURRENT 
versus AMBIENT TEMPERATURE 


+20 «+40 «=6+60)— +80 
T, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — SLEW RATE 
versus SET CURRENT 


VEE=-15V 


itech 


| IN 


Iset, SET CURRENT (uA) 


FIGURE 12 — OPTIMUM SOURCE RESISTANCE 
FOR ees NOISE versus SET brasabials 


iY 
LT 


set, SET CURRENT (uA) 
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APPLICATIONS INFORMATION 


FIGURE 15 — MULTIPLE FEEDBACK BANDPASS FILTER 
FIGURE 13 — WIEN BRIDGE OSCILLATOR (1.0 kHz) 


Ry 
INPUT 
200k +15V 
Ro OUTPUT 
= = 2™ 
Vo 
for a 1.0 kHz filter Ry = 160k 
with O = 10 R2 = 820 -15V 
and A (fp) = 1 Rg = 300k 
C = 0.01 uF 
= = FIGURE 16 — GATED AMPLIFIER 
to= e1-. 
2a RC 
(for fg = 1.0 kHz) 
R= 16 k&2 
C= 0.01 nF OUTPUT 
INPUT 
FIGURE 14 — MULTIPLE FEEDBACK BANDPASS FILTER Voc 
15V 
GATE 
Ri 
FIGURE 17 — HIGH INPUT IMPEDANCE AMPLIFIER 
for a given: 
fo = canter frequency 50M 10k 
A (fo) = Gain at center frequency 
Q = quality factor 
Choose a value for C, then 
Rg e _o 
fgf INPUT OUTPUT 
ar= AS 
2A (fg) 
R2 = BLAS 
402 R1-R5 
To obtain less than 10% error from the operational amolifier: 
M0fo coy ae 
GBW = 


where fg and GBW are expressed in Hz. GBW is available from 
Figure 6 as a function of Set Current, Isat. 
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MOTOROLA MC3301 LM2900 
MC3401 LM3900 


= SEMICONDUCTOR ey 
TECHNICAL DATA 


QUAD 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 


QUAD SINGLE SUPPLY OPERATIONAL AMPLIFIER INTEGRATED CIRCUIT 


These internally compensated Norton operational amplifiers 
are designed specifically for single positive power supply appli- 
cations found in industrial control systems and automotive elec- 
tronics. Each device contains four independent amplifiers — mak- 
ing it ideal for applications such as active filters, multi-channel 
amplifiers, tachometers, oscillators and other similar usages. 

F ? N, P SUFFIX 
@ Single-Supply Operation PLASTIC PACKAGE 
@ Internally Compensated CASE 646 
@ Wide Unity Gain Bandwidth: 4.0 MHz Typical 
@ Low Input Bias Current: 50 nA Typical 
@ High Open-Loop Gain: 1000 V/V Minimum 


e Large Output Voltage Swing: (Vcc — 1) Vp-p Beale cence & 
14 


CASE 751A 
MAXIMUM RATINGS 


(SO-14) 


Input Currents (lin + or lin | 5.0 | 


PIN CONNECTIONS 


NONINV 
Input 1 


INV 
Input 4 


Output Current 


Power Dissipation (Ta = +25°C) 
Derate above Ta = +25°C 


A 
mW 


Cc 
°C 


Operating Ambient 
Temperature Range 
LM2900 


LM3900 


Temperature 
Device Range Package 
mes 0°C to +70°C 
Plastic 


DIP 
—40°C to +85°C 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Ta = +25°C unless otherwise noted) 


| _tmssoo | Mcszor | mics4o1 | 


Open-Loop Voltage Gain 
f = 100 Hz, Ry = 5.0k 
TA = Tiow to Thigh (Notes 1, 2) 


Input Resistance (Inverting Input) 


Input Bias Current (Inverting Input) 
TA = Tlow to Thigh (Note 1) 


= 
3 
< 


Slew Rate (Cy, = 100 pF, RL = 2.0 k) 
Positive Output Swing 
Negative Output Swing 


Unity Gain Bandwidth 


Output Voltage Swing (Note 7) 
Voc = +16V, RL = 2.0k 
Vout High (lin~ = 9, lint = 0) 

Vout Low (lin~ = 10 BA, lin + = 0) 

Vcc = Maximum Rating, RL = © 
. Vout High (lin~ = 0, lin = 0) 
Output Current 

Source 

Sink (Note 3) 

Low Level Output Current 
lin = 5.0 pA, VoL = 1.0 V 
Supply Current (All Four Amplifiers) 


Noninverting Inputs Open 
Noninverting Inputs Grounded 


Power Supply Rejection (f = 100 Hz) 


Mirror Gain (Ta = Tlow to Thigh: Notes 1, 4) 


lint = 20 pA 
a 


Vis 


sisa [isisisiis |F 


| 


14.2 


<< 
oO 
22 


° 
2 
a 


29.5 


[=| 
: 
" 
A 
|= | 
ff 
500 | 
| 


VOH 


A Mirror Gain (Ta = Tlow to Thigh: Notes 1, 4) 
20 pA < lin + < 200 wA 


Mirror Current (Ta = Tlow to Thigh: Notes 1, 5) 


Negative Input Current (Note 6) 


NOTES: 
1. Tlow = ~40°C for LM2900, MC3301 Thigh = +85°C for LM2900, MC3301 
= 0°C for LM3900, MC3401 = +70°C ffor LM3900, MC3401 

2. Open-loop voltage gain is defined as voltage gain from the inverting input to the output. 

3. Sink current is specified for linear operation. When the device is used as a comparator (non-linear operation) where the inverting input is overdriven, 
the sink current (low level output current) capability is typically 5.0 mA. 

4. This specification indicates the current gain of the current mirror which is used as the noninverting input. 

5. Input VBE match between the noninverting and inverting inputs occurs for a mirror current (noninverting input current) of approximately 10 uA. 

6. Clamp transistors are included to prevent the input voltages from swinging below ground more than approximately — 0.3 volts. The negative input 
currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values of approximately 1.0 mA. 
Negative input currents in excess of 4.0 mA will cause the output to drop to a low voltage. These values apply for any one of the input terminals. 
If more than one of the input terminals are simultaneously driven negative, maximum currents are reduced. Common-mode biasing can be used 
to prevent negative input voitages. 

7. When used as a noninverting amplifier, the minimum output voltage is the Vge of the inverting input transistor. 
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MC3301, MC3401, LM2900, LM3900 


TYPICAL CHARACTERISTICS 


(Vcc = +15 Vde, RL = 


5.0 kQ, Ta = +25°C 


[each amplifier] unless otherwise noted.) 


FIGURE 2 — OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


FIGURE 1 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 
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FIGURE 3 — OUTPUT RESISTANCE versus FREQUENCY 


OUTPUT RESISTANCE (22) 
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FIGURE 5 — LINEAR SOURCE CURRENT versus 
SUPPLY VOLTAGE 
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SUPPLY VOLTAGE (Vde) 


OPEN-LOOP VOLTAGE GAIN (V/V) 


OUTPUT SINK CURRENT (2A) 


SUPPLY VOLTAGE (Vdc) 


FIGURE 4 — SUPPLY CURRENT versus SUPPLY VOLTAGE 


Ipo,!pG, SUPPLY CURRENT (mAdc) 


SUPPLY VOLTAGE (Vdc) 


FIGURE 6 — LINEAR SINK CURRENT versus 
SUPPLY VOLTAGE 
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SUPPLY VOLTAGE (Vdc) 
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MC3301, MC3401, LM2900, LM3900 


OPERATION AND APPLICATIONS 


BASIC AMPLIFIER 

The basic amplifier is the common emitter stage 
shown in Figures 7 and 8. The active load 1! is buffered 
from the input transistor by a PNP transistor, 04, and 
from the output by an NPN transistor, Q2. Q2 is biased 
Class A by the current source lg. The magnitude of I2 
(specified Isjn,) is a limiting factor in capacitively cou- 


pled linear operation at the output. The sink current of 
the device can be forced to exceed the specified level 
by keeping the output dc voltage above ~ 1.0 volt re- 
sulting in an increase in the distortion appearing at the 
output. Closed-loop stability is maintained by an on-the- 
chip 3-pF capacitor shown in Figure 10 on the following 
page. No external compensation is required. 


FIGURE 7 — BLOCK DIAGRAM 


Operational 
>3 Amplifier #1 


A noninverting input is obtained by adding a current 
mirror as shown in Figure 9. Essentially all current which 
enters the noninverting input, lj, +, flows through the 
diode CR1. The voltage drop across CR1 corresponds 
to this input current magnitude and this same voltage 
is applied to a matched device, Q3. Thus Q3 is biased 
to conduct an emitter current equal to |i, +. Since the 
alpha current gain of Q3 ~ 1, its collector current is 


FIGURE 8 — A BASIC GAIN STAGE 


Vcc 


Operational 
g Amplifier #3 


approximately equal to lin + also. In operation this cur- 
rent flows through an external feedback resistor which 
generates the output voltage signal. For inverting ap- 
plications, the noninverting input is often used to set 
the dc quiescent level at the output. Techniques for 
doing this are discussed in the ‘Normat Design Pro- 
cedure” section. 


FIGURE 9 — OBTAINING A NONINVERTING INPUT 


Vcc 


Output 
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OPERATION AND APPLICATIONS (continued) 


BIASING CIRCUITRY 

The circuitry common to all four amplifiers is shown 
in Figure 11. The purpose of this circuitry is to provide 
biasing voltage for the PNP and NPN current sources 
used in the amplifiers. y 

The voltage drops across diodes CR2, CR3 and CR4 
are used as references. The voltage across resistor R1 
is the sum of the drops across CR4 and CR3 minus the 
Vee of O8. The PNP current sources (Q5, etc.) are set 
to the magnitude Vp_/R1 by transistor Q6. Transistor 


FIGURE 10 — A BASIC OPERATIONAL AMPLIFIER 


o Vcc 


Q7 reduces base current loading. The voltage across 
resistor R2 is the sum of the voltage drops across CR2, 
CR3 and CR4, minus the Vge drops of transistor Q9 and 
diode CR5 thus the current set is established by CR5 in 
all the NPN current sources (Q10, etc.). This technique 
results in current source magnitudes which are rela- 
tively independent of the supply voltage. Q11 (Figure 
7) provides circuit protection from signals that are neg- 
ative with respect to ground. 


FIGURE 11 — BIASING CIRCUITRY 


NORMAL DESIGN PROCEDURE 


1. Output Q-Point Biasing 


A. A number of techniques may be devised to bias 
the quiescent output voltage to an acceptable 
level. However, in terms of loop gain considera- 
tions it is usually desirable to use the noninvert- 
ing input to effect the biasing; as shown in Fig- 
ures 12 and 13 (see the first page of this 
specification). The high impedance of the collec- 
tor of the noninverting “current mirror” transistor 
helps to achieve the maximum loop gain for any 
particular configuration. It is desirable that the 
noninverting input current be in the 10 nA to 200 
pA range. 


. Vcc Reference Voltage (see Figures 12 and 13) 


The noninverting input is normally returned to 
the Vcc voltage (which should be well filtered) 
through a resistor, R,;, allowing the input current, 
lin +, to be within the range of 10 nA to 200 pA. 


Choosing the feedback resistor, R¢, to be equal to 
Ve Ry will now bias the amplifier output dc level 


to approximately Voc. This allows the maximum 


dynamic range of the output voltage. 


. Reference Voitage other than Vcc (see Figure 14) 


The biasing resistor Rr may be returned to a volt- 
age (V,) other than Vcc. By setting R¢ = Rr, (still 
keeping li, + between 10 vA and 200 yA) the 
output dc level will be equal to V;. The expression 
for determining VOdc is: 


AVR R 
Yeas _! oe f) ‘ (: _ RE ai) $ 


where ¢ is the Vee drop of the input transistors 
(approximately 0.6 Vdc @ +25°C and assumed 
equal). A; is the current mirror gain. 
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FIGURE 12 — INVERTING AMPLIFIER 


RF 
510k pe ot 


2. Gain Determination 
A. Inverting Amplifier 


The amplifier is normally used in the inverting 
mode. The input may be capacitively coupled to 
avoid upsetting the dc bias and the output is nor- 
mally capacitively coupled to eliminate the dc 
voltage across the load. Note that when the out- 
put is capacitively coupled to the load, the value 
of Isink becomes a limitation with respect to the 
load driving capabilities of the device. The limi- 
tation is less severe if the device is direct coupled. 
In this configuration, the ac gain is determined 
by the ratio of R¢ to Rj, in the same manner as for 
a conventional operational amplifier: 


FIGURE 14 — INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 


Rf 


Vr *Select for low 
frequency response. 


FIGURE 13 — NONINVERTING AMPLIFIER 


Rf 
510 k = (Re)(Aj) = 
= ae 
Ri + 7+ (mA) 
BW = 250 kHz 
. 0.1 pF Vo 
Vine +5.0 uF 
10 k 


The lower corner frequency is determined by the 
coupling capacitors to the input and load resis- 
tors. The upper corner frequency will usually be 
determined by the amplifier internal compensa- 
tion. The amplifier unity gain bandwidth is typi- 
cally 4.0 MHz and with the gain roll-off at 20 dB 
per decade, bandwidth will typically be 400 kHz 
with 20 dB of closed-loop gain or 40 kHz with 40 
dB of closed-loop gain. The exception to this oc- 
curs at low gains where the input resistor selected 
is large. The pole formed by the amplifier input 
Capacitance, stray capacitance and the input re- 
sistor may occur before the closed-loop gain in- 
tercepts the open-loop response curve. The in- 
verting input capacity is typically 3.0 pF. 


FIGURE 15 — INVERTING AMPLIFIER WITH 
Ay = 100 AND V, = Vcc 


510 k 


Vo 


10k 


= 300 Hz, fy = 50 kHz 
100 


fl = 


2 
tl 
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= 


MSD6100 
or equiv 


Magnetic 


MC3301, MC3401, LM2900, LM3900 


B. Noninverting Amplifier 


These devices may be used in the noninverting 
mode (see Figure 13). The amplifier gain in this 
configuration is subject to the current mirror gain. 
In addition, the resistance of the input diode must 
be included in the value of the input resistor. This 


: : : 26 
resistance is approximately a ohms, where 
in 


lint is input current in milliamperes. The non- 
inverting ac gain expression is given by: 


.: (R¢)(Aj) 


26 

R; + ——— 

The bandwidth of the noninverting configuration 
for a given R¢ value is essentially independent of 
the gain chosen. For R¢ = 510 kO. the bandwidth 
will be in excess of 200 kHz for noninverting gains 
of 1, 10, or 100. This is a result of the loop gain 
remaining constant for these gains since the input 
resistor is effectively isolated from the feedback 
loop. 


TYPICAL APPLICATIONS 


FIGURE 16 — TACHOMETER CIRCUIT 


Vec = +12V 


Magnetic Pickup 


Hysterisis Amplifier 130 


Pickup 


MSD6100 
or equiv 


Hysterisis Voltage for Switching 
VH = Ain? (Vcc — 1.6) 


FIGURE 17 — VOLTAGE REGULATOR 


R2 
Vo = Vz1 + 0.6 (1 + ru — VBE) 


NOTE: 
For positive Tc zeners R2 and R1 can be 
selected to give Tc output. 


Monostable Multivibrator 


10k 


Timing Interval: t ~ 0.7 R1 C1 


+Vcc = +15 Vde 


Pulse Averaging 
C1 


v= WO = 0.6) -Aj-t 
Pp” RyC1 


FIGURE 18 — LOGIC “OR” GATE 


150 k 


f=A+B+C 
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TYPICAL APPLICATIONS (continued) 


FIGURE 19 — LOGIC “NAND” GATE (Large Fan-In) FIGURE 20 — LOGIC “NOR” GATE 


+Vcc = +15 Vde 


75 k 


75k 


IOk = f=a+B+c+D 


mo a wo > 


Cc 
D +Vcc = +15 Vdc 
f=A°B-C-D-E>«+- +Vcc f=A+B+E+D 
FIGURE 21 — R-S FLIP-FLOP FIGURE 22 — ASTABLE MULTIVIBRATOR 


Vcc = +15V 


Reset Set 
FIGURE 23 — POSITIVE-EDGE DIFFERENTIATOR FIGURE 24 — NEGATIVE-EDGE DIFFERENTIATOR 
Output Rise Time ~ 0.22 ms 
Input Change Time Constant ~ 1.0 ms 0.001 uF 
0.001 pF 
100 k AVin 
AV; 
km 0.002 uF Se Sk xO 
x ma Vo 7 
51k 


150 k 


Vcc = +15 Vde 

VO(dc) = 7.0 Vde 

Output Rise Time ~ 0.22 ms 

Input Change Time Constant = 1.0 ms 
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Vine—J 


Ay = 10 
Vo = 6.0 Vip.p) 


300 k 


MC3301, MC3401, LM2900, LM3900 


FIGURE 25 — AMPLIFIER AND DRIVER FOR A 50-OHM LINE 
510 k 


0.1 uF 


1N914 
or equiv 
1N914 


1.2M or equiv 


Vo 
10 
KY 2naaos 50 
or equiv 


+15 V 
FIGURE 26 — BASIC BANDPASS AND NOTCH FILTER 


Tapp = Center Frequency Gain 
Tn = Passband Notch Gain 


1 
RC 
R1 = QR 
R2 = ae 
BP Notch 
R3 = Tn R2 te 


FIGURE 27 — BANDPASS AND NOTCH FILTER 
62 k 


Vcc (Pin 14) = +12 Volts 
Ground — Pin 7 

Center Frequency 500 Hz 
Q=5 

Bandpass Gain = 1 

Notch 

Bandpass Output —Pin 4 
Notch Output —-~— Pin 10 
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MC3301, MC3401, LM2900, LM3900 


TYPICAL APPLICATIONS (continued) 


FIGURE 28 — VOLTAGE REGULATOR 


Vz 1N3824 
4.3V or equiv 


Vo = Vz + 0.6 Vde 

NOTE 1: R is used to bias the zener. 

NOTE 2: If the Zener TC is positive, and equal in 
magnitude to the negative TC of the input 
to the operational amplifier (~2.0 mV/C), 
the output is zero-TC. A 7.0 Volt Zener 
will give approximately zero-TC. 


Vo 


MJE800 Sov at4.0A 
or equiv 


FIGURE 29 — ZERO CROSSING DETECTOR 
Vec = +15V 


Input OSX f- 0 Vv 
Output 
Output LI L L| OV 


Magnetic 
Pickup 510 k 
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MC3302 For Specifications, See LM139 Data. 


MOTOROLA 
=s SEMICONDUCTOR se ee 


TECHNICAL DATA 
MC3303 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 


The MC3503 is a low-cost, quad operational amplifier with true 

differential inputs. The device has electrical characteristics similar QUAD DIFFERENTIAL 
to the popular MC1741. However, the MC3503 has several distinct INPUT 
advantages over standard operational amplifier types in single OPERATIONAL AMPLIFIERS 
supply applications. The quad amplifier can operate at supply 
voltages as low as 3.0 Volts or as high as 36 Volts with quiescent 
currents about one third of those associated with the MC1741 (on SILICON MONOLITHIC 
a per amplifier basis). The common mode input range includes INTEGRATED CIRCUIT 
the negative supply, thereby eliminating the necessity for external 
biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 


Short Circuit Protected Outputs L SUFFIX 
Class AB Output Stage for Minimal Crossover Distortion CERAMIC PACKAGE 

: : Pls CASE 632 
True Differential Input Stage 
Single Supply Operation: 3.0 to 36 Volts 
Split Supply Operation: +1.5 to + 18 Volts 
Low Input Bias Currents: 500 nA Max alate 

‘. : PLASTIC PACKAGE 

Four Amplifiers Per Package 14 CASE 751A 
Internally Compensated ? (S0-14) 
Similar Performance to Popular MC1741 
Industry Standard Pinouts P SUFFIX 


PLASTIC PACKAGE 
14 CASE 646 
1 (MC3403 and MC3303 Only) 


SINGLE SUPPLY SPLIT SUPPLIES 
3.0 V to 36 V I 


=. 


PIN CONNECTIONS 


=15Vt0 18V 


Power Supply Voltages 
Single Supply 
Split Supplies 


Storage Temperature Range 
Ceramic Package -65 to +150 
Plastic Package -55 to +125 
Operating Ambient Temperature Range 
MC3503 -55 to +125 


MC3403 Oto +70 
MC3303 -40 to +85 


Temperature Range 


MC3303D $O-14 
MC3303L —40°C to + 85°C Ceramic DIP 
MC3303P Plastic DIP 


Junction Temperature 
Ceramic Package 


Plastic Package MC3403D Pe 
(1) Split Power Supplies. MC3403L °C to +70°C Ceramic DIP 
MC3403P Plastic DIP 


(2) For Supply Voltages less than = 18 V, the absolute maximum input voltage is equal to the 
supply voltage. 


— 55°C to + 125°C Ceramic DIP 


MC3503L 
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MC3403, MC3503, MC3303 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V for MC3503, MC3403; Vcc = +14 V, Veg = Gnd for MCC3303. 


Ta = 25°C unless otherwise noted.) 


Input Offset Voltage 
TA = Thigh to Tow (1) 
Input Offset Current 
Ta = Thigh t° Tow 
Large Signa! Open-Loop Voltage Gain 
Vo =210V, RL = 2.0k2, 
Ta = Thigh t© Tiow 
Input Bias Current 
f= 20 Hz 
Input Impedance 
f= 20Hz 
Output Voltage Range 
RL = 10k2 
RL = 2.0k2 


Vor 
Ry = 2.0k2, Ta =Thig 


input Common-Mode Voltage Range VicR |+13 V -VegElt13.5V-VeE 


Comman-Mode Rejection Ratio CMRR 


Rg < 10k2 


Power Supply Current (Vo = 0) Icc lEE 
Re =o 


individual Output Short-Circuit Current (2) 
Positive Power Supply Rejection Ratio PSRR+ 
Negative Power Supply Rejection Ratio | PSRR- | 


Average Temperature Coefficient of input 4 Q/4T 


Offset Current 
TA * Thigh t° Tlow 
aVig/T 


Average Temperature Coefficient of Input 
BW 
om 


| 10 | 
a 
ea 
Power Bandwidth 

Av=t, Ry =2.0k2, Vg= 20 Vip-p), 

THD = 5% 

Small-Signa! Bandwidth 

Ay = 1, Ry = 10k2, Vo = 50mVv 
Slew Rate 

Ay =1,V) 2-10 to +10V 
Rise Time 

Ay =1, Ry = 10k2, Vo = 50mv 
Fall Time 

Ay =1,R,_ = 10k2, Vo =50 mV 
Overshoot 

Ay =1,R_=10k2, Vo =50mV 
Phase Margin 

Ayv=1, RL = 2.0k2,C, = 200 pF 
Crossover Distortion 


{Vin = 30mVp-p, Vout = 2-0 Vp-p, 
f= 10 kHz) 


70 
+10 
Offset Voltage 
Ta = Thigh to Tlow 
ali | 
fa 


(1) Thigh = 125°C for MC3503, 70°C for MC3403, 85°C for MC3303 
Tow = -55°C for MC3503, 0°C for MC3403, -40°C for MC3303 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


input Offset Voltage 


Input Offset Current 
Input Bias Current 


Large-Signal Open-Loop Voltage Gain 
RL=20ka 
Power Supply Rejection Ratio 
Output Voltage Range (3) 
R_ = 10k, Voc = 5.0 V 
Ry, = 10k, 5.0 V < Voc <30 V 


Power Supply Current 


Channel Separation 
f = 1.0 kHz to 20 kHz (Input Referenced) 


(2) Not to exceed maximum package power dissipation. 
{3) Output will swing to ground 


Ty 


[we [Te 
cd 
a a 
ia 


Loa 
3.3 


Vec-1.7 


Ns 


wo 
o 
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“4 
< 
vo 

< 


sf= 
aloo 


Nn 
ca) 
o 


> 


~s 
an 


tea | 


= 


< 


F<) 


~ 
o 
a \ 
o 


rz 


a a 


Degrees 


ry 
a 
Nn 
' = < 
oO 
< 
m 
m 
el og 


MC3403, MC3503, MC3303 


CIRCUIT SCHEMATIC 


(1/4 Shown) 


Bias Circuitry 
Common to Four 


Amplifiers 
Output? ... 


o 
+ 


inputs 


OVeE (Gnd) 


INVERTER PULSE RESPONSE 


5 V/div. 


CIRCUIT DESCRIPTION 


The MC3503/3403/3303 is made using four internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 


20 us/div. 


the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper- 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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0.5 V/div. 


50 mV/div. 


Vo, OUTPUT VOLTAGE (VOLTS p-p) 


IB, INPUT BIAS CURRENT (nA) 


MC3403, MC3503, MC3303 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — SINE WAVE RESPONSE FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


VEE=-15V 
(CCC 


Avo. LARGE-SIGNAL 
OPEN-LOOP VOLTAGE GAIN (dB) 


tet tbe terete 


a < - 1.0 10 100 1.0k 10k 100 k 10M 
*Note Class AB output stage f, FREQUENCY (Hz) 
produces distortionless sinewave, : 


50 us/div. 


FIGURE 3 — POWER BANDWIDTH FIGURE 4 — OUTPUT SWING versus SUPPLY VOLTAGE 


NT TT 


fel Nee es ETS 


VoR, OUTPUT VOLTAGE RANGE (VOLTS p-p) 


oleic NET Dea 


|_| 
a 
a 


“10k 10k 100 k 1.0M 0 2.0 4.0 6.0 8.0 10 12 14 16 18 20 
f, FREQUENCY (Hz) Vcc AND Veg, POWER SUPPLY VOLTAGES (VOLTS) 
FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
=a ie Se aa ee acer oa 
+++ ————— 4 
el | 
Ad 
= EEE i 
= sees 
aa a ae i a se am 
Eas i a a roe a 
eal = Ha ea ae Oe a a] a 
ial Ae es Go isa a oe a aes 
Peetlecsit ile) Piao eae 
- - 5.0 0 2.0 4.0 6.0 8 10 12 14 16 18 20 
T, TEMPERATURE (9C) Vcc AND !Veel, POWER SUPPLY VOLTAGES (VOLTS) 
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MC3403, MC3503, MC3303 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 —- WIEN BRIDGE OSCILLATOR 


Vee 50 k 


10k 
R2 


10k 
R1 


FIGURE 10 —~ COMPARATOR WITH HYSTERESIS 


Hysteresis 
VOH t—] 
R1 t 
Vref O Vo 
O 
Vin O Vo 
VoL 


Vine | Vin 
Vref 
Rt 
+ Vin = Rye Re (VOL ~ Vref) + Veet 
VinH* Rae Re (YOH ~ Vret) + Vret 


€@9 = C (1 +a + b) (e2 - 1) 


R1 
H = =~ (Von ~ VoL) 
R1+R2 OH” “OL 


FIGURE 11 — BI-QUAD FILTER 


1 
Vref == V 
ref 2 cc 


fo = TkHz 
Vret e 
Q=10 
Bandpass Vref 
Output Tpp=1 
™T|= 
ci 
(-——e Notch Output R= 160kQ2 
Cc = 0.001 uF 
R1= 1.6MQ 
Vref Where Tgp = Center Frequency Gain R2=1.6M2 
Tn = Passband Notch Gain R3=1.6MQ 
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MC3403, MC3503, MC3303 


FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


1 
Vref * 2 Vec 
Vref 


Square Wave 
Output 


1 
= Vref Vret = 2 Vec 


Given fg = Center Frequency 
A(fg) = Gain at Center Frequency 


Choose Value fy, C 


Then: 
3 Q 
Toc 
AAS R3 
2 Alfg) 
R1R5 
R2 


“"aQ2 A1 — RS 


For less than 10% error from operational amplifier 


Qo fo 
aT <0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with 
voltage follower buffer to stabilize filter parameters. 
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MOTOROLA 


m= SEMICONDUCTOR xy 


TECHNICAL DATA 


DUAL OPERATIONAL AMPLIFIER 
AND DUAL COMPARATOR 


The MC3405/3505 contains two differential-input operational 
amplifiers and two comparators, each set capable of single supply 
operation. This operational amplifier-comparator circuit fulfills its 
applications as a general purpose product for automotive and 
consumer circuits as well as an industrial building block. 

The MC3405 is specified over the commercial operating tem- 
perature range of 0 to + 70°C, while the MC3505 is specified over 
the military operating range of —55 to + 125°C. 


@ Operational Amplifiers Equivalent in 
Performance to MC3403/3503 


Comparators Similar in Performance to LM339/139 

Single Supply Operation: 3.0 to 36 Volts 

Split Supply Operation: +1.5 to +18 Volts 

Low Supply Current Drain 

Operational Amplifiers Are Internally Frequency Compensated 


e 
e 
e 
e 
6 
@ Comparators TTL and CMOS Compatible 


SINGLE SUPPLY 
3.0 V to 36 V 1 


SPLIT SUPPLIES 


=1.5Vto BV 


=—15Vto18V 


inputs 1 Inputs 4 


Vec 


Inputs 2 Inputs 3 


(Top View) 


MC3405L 0 to +70°C 


MC3405P Oto +70°C 
MC3505L —§5 to + 125°C 


DUAL 
OPERATIONAL AMPLIFIER 
AND 
DUAL VOLTAGE COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


ORDERING INFORMATION 
Temperature Range Package 


Ceramic DIP 


Plastic DIP 


Ceramic DIP 
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MC3405, MC3505 


OPERATIONAL AMPLIFIER SECTION 
MAXIMUM RATINGS 


Pacing symbot vate | unit 


Power Supply Voltage—Single Supply Vcc 36 Vde 
Split Supplies Vcc. VEE +18 


Input Differential Voltage Range ViDR Vde 


Operating Ambient Temperature Range—MC3505 Ta -55 to +125 °C 
MC3405 0 to +70 
Storage Temperature Range—Ceramic Package Tstg -65 to +150 °c 
Plastic Package -55 to +125 
Operating Junction Temperature Range—Ceramic Package Ty 175 % 
Plastic Package 150 


MC3505 
Characteristic ymbol 


Typ 

Large-Signal Open-Loop Voltage Gain AVOL 200 
(Ry = 2.0 k2) 

3.5 

2.5 


Ny 
oO 


t 
N 
So 
o 


3.3 3.5 
Vec-2.0 | Vcc-1.7 


aa 
esd 


Power Supply Rejection Ratio | PSRR | 


S 
Output Voltage Range (Note 1) Vor 
3.3 
(RL =10k2,5.0 V < Vcc < 30 V) Voc-2.0 | Vec-1.7 


(RL = 10k, Vcc = 5.0 V) 
Power Supply Current (Notes 2end3) [| leg | - | 28 
Channel Separation -120 
f = 1.0 kHz to 20 kHz 
(Input Referenced) 


Input Offset Voltage . 
Eta team riggs Vea oe oi 
PSmcateanvewe |e 
Input Offset Voltage 
tactantotigl won | | = | = | am | - | = | am| ™ | 
(TA = Tiow to Thigh) (Note 4) 200 200 
Input Bias Current -200 -500 -200 -500 
[input Common Mode Vottase Range | Vion ["S-Vee | — | 
Large Signal Open Loop Voltage Gain are 
(Vo = £10 V, RL = 2.0 kQ) 200 
(Ta = Tow to Thigh) (Note 4) 100 
[Common Mode Rejection Ratio | oMAR | 70 | 90 
[Power Supply Rejection Ratio | _PsAR_| | 30_| 
12 
10 
10 


7 
Output Voltage 
(RL = 10 kQ) + 
(RU =2.0 ka) ‘ 
(RL = 2.0 kQ, Ta = Tlow to Thigh) + 
(Note 4) 


Vio 

Vo 
Output Short-Circuit Current | tos | 
Power Supply Current (Notes 2 and 3) !cc. lEE 
Phase Margin 


Small-Signal Bandwidth 
(Ay =1,R_ = 10 kQ, Vo = 50 mv) 


= 
= 
< 


2.0 


+10 +20 


B 
> 


ied 
<< 
| 06 | 


5 
> 


Power Bandwidth 
(Ay =1, Ry = 2.0 k2, Vo = 20 V (p-p), 
THD = 5%) 


Rise Time/Falt Time tTLH. tTTHL 


Overshoot (Ay =1, RL = 10k, 
Vo = 50 mv) 
[Sewrate —SOSs—“CS~SC—C~CS~i Sh Yd 


NOTES: 1. Output will swing to ground 4. Tlow = ~55°C for MC3505 Thigh = +125°C for MC3505 
2. Not +9 exceed maximum package power dissipation. = 0°C for MC3405 = +70°C for MC3405 
3. For Operational Amplifier and Comparator. 


2 


+ 
e- 
oi 
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MC3405, MC3505 


COMPARATOR SECTION 


MAXIMUM RATINGS 


| ne eae 


Power Supply Voitage—Single Supply Vcc 36 
Split Supplies Vcc. VEE +18 


Input Common Mode Voltage Range VICR -0.3 to +36 Vde 
psinkGuret Cine PO 


Operating Ambient Temperature Range—MC3505 Ta -55 to +125 "C 
i 
Plastic Package -55 to+125 
Operating Junction Temperature Range—Ceramic Package Ty 175 °C 
Plastic Package 150 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted) 


(Ta = Tlow tO Thigh) (Notes 1 and 2) = 
Input Offset Voltage 
Input Offset Current 
Input Bias Current 
poe 
Input Common Mode Voltage Range VICR Pe tees lee on 
(Ta = Tiow tO Thigh) (Note 1) Vec-1-7. | Vee -2.0 
Input Differential Voltage Ee a 


2.0 10 mV 
- 12 
100 nA 
200 
-125 -500 nA 
eg -800 


Veco -1.5 | Veco -1.7 Vp-p 
Vee -1.7 | Veco -2.0 


a 
rs) 


{All Vin > O Vdc) 
Large-Signal Open-Loop Voltage Gain AVOL 
(Ru = 15 kQ) 
Output Sink Current 
(Vin (-) 2 1.0 Vde, Vin (+) =0, 
Vo <15V) 
Low Level Output Voltage 
(Vin (+) =O V, Vin (-) = 1.0 V, 
Isink = 4.0 mA) 

(TA = Tlow to Thigh) (Note 1) 

Output Leakage Current 
(Vin (+) = 1.0 Vde, Vin (-) =0, 
Vo = 5.0 Vdc) 

(TA = Tow to Thigh) (Note 1) 


Large-Signal Response 


Response Time (Note 3) 
(Va_ = 5.0 Vde, RL = 5.1 kQ) 
NOTES: 1. Tiow = ~-55°C for MC3505 = Thigh = + 125°C for MC3505 
= 0°C for MC3405 = +70°C for MC3405 


2. Vo = 1.4 V, Rg =0 2 with Vcc from 5.0 Vde to 30 Vde, and over the input common mode range 0 to Vcc - 1.7 V. 
3. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals 300 ns is typical. 


ue 
Ion 
a 
rast 
ag 
26 
to) 


= 
3 
< 


N 
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oO 
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LLZ-2 


SADIAAG JOVAYALNI/YVANIT VIOHOLOW 


Operational Amplifier Side 


CIRCUIT SCHEMATIC 
(1/2 OF CIRCUIT SHOWN) 


Output | 
ee ; : Veco 


Output 
04,7 


VeE/Gnd 
Bias Circuitry Comparetor Side e/ 


Common to All Op Amps 
and Comparators 


GOSEOW ‘SOVEOW 


0.5 V/div. 


50 mV/div. 


Vo, OUTPUT VOLTAGE (VOLTS p-p) 


lip. INPUT BIAS CURRENT (nA) 


MC3405, MC3505 


OPERATIONAL AMPLIFIER SECTION 
TYPICAL PERFORMANCE CURVES 


FIGURE 1 — SINE WAVE RESPONSE 


*Note Class AB output stage 
produces distortionless sinewave. 
a ae 


+ 
50 us/div. 


FIGURE 3 — POWER BANDWIDTH 


f, FREQUENCY (Hz) 


FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE 


(FRRRLE EERE 
(GRRRER CARE 
ROSRCE SEE 
Lie aad) ee 
fel tA 


5.0 25 45 65 85 105 125 
, TEMPERATURE (°C) 


5 
T 


FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


ian rT] TM TTT TY] 
[ Vec = +15V 
zw 100 + Veg = —15V 7H 
z= ce Ta = 25°C 
as 
ut 
= 60 
cr 
qo 
“$s 
38 40 
<S 
= 20 
a 
Oo 
0 
-20 


1.0 10 100 1.0k 10k 
f, FREQUENCY (Hz) 


FIGURE 4— OUTPUT SWING versus SUPPLY VOLTAGE 


Vor, OUTPUT VOLTAGE RANGE (VOLTS p-p) 


0 20 40 60 80 0 12 4 16 18 20 
Voc AND iVegi POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


lip, INPUT BIAS CURRENT (nA) 
eel ce eet el 
eee lees 


0 2.0 4.0 6.0 8 10 12 14 1 18 20 
Vcc AND. {VeEl, POWER SUPPLY VOLTAGES (VOLTS) 
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INPUT OFFSET CURRENT 
NORMALIZED TO 25°C 


MC3405, MC3505 


COMPARATOR SECTION 
TYPICAL PERFORMANCE CURVES 
FIGURE 7 — NORMALIZED INPUT OFFSET VOLTAGE FIGURE 8 — INPUT BIAS CURRENT 


ee 


HakeReee 
ry Wei 


INPUT OFFSET VOLTAGE 
NORMALIZED TO 25°C 
lig, INPUT BIAS CURRENT (nA) 


Slope Can Be Either Polarity. 


ReRSRSaERE 
ESEERENSES 


-60 -40 -20 0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) Vc. POSITIVE SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 — OUTPUT SINK CURRENT 
FIGURE 9 — NORMALIZED INPUT OFFSET CURRENT versus OUTPUT VOLTAGE 


a none 


Panes 


alas 


iginke OUTPUT SINK CURRENT (mA) 


Eile 
lela 
AL 


0.20 
-60 -40 -20 0 20 40 60 80 «6100 = 120 140 Q 200 400 600 800 1000 
Ta, AMBIENT TEMPERATURE (°C) Vo. OUTPUT VOLTAGE (mV) 


APPLICATIONS INFORMATION 


FIGURE 11 — PULSE WIDTH MODULATOR SCHEMATIC AND WAVEFORMS 
{a} Oscillator Square Wave Output 


Vow 
Vcc 
O o Vout Vv 
Voc 5 = Time 
O | — 


| 


Op Amp 2 
10 


6 Ve 
VEE r Time 
Pulse Width und 


VrH=sV¥sit + R2/R1) + Veg Vs= Voc -VEE EReven 
P.W.=te} | o-——7- | Sss« When: VtL < Ve < VTH 
1 f VTH - VTL 
ViTL= xZVsQ - R2/R1) + Vee 
Oscillator Frequency Duty Cycle in % 


Ve -V 
R1 ¢- YT 
eu Al p.c. = (5) (100) 
1° GR CR? (eave) | 
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MC3405, MC3505 


FIGURE 12 — WINDOW COMPARATOR 


Voc 
AV 
Adjust 
Op Amp 2 Vin 
VEE 
FIGURE 13 — SQUELCH CIRCUIT FOR AM OR FM 
C3 
c1 c2 
Vin 4 
R1 


Op Amp 1 


High Pass Filter 
High Pass Filter 


Given: Ag, OQ, Wo = 2nf, 


Squelch 


Choose: C = C1 = C2, A Convenient Value : Threshold Adj 
‘ a R3C4 > 5 Tin oe 
: a Where: Tip is the period of vi, 
Calculates: 82 cone ee Switched Audio Stage 
C3 = < Q = Quality Factor 
o Ao Ao = High Frequency Gain Gain of Audio Stage 
aes QweC(2A,q + 1) Wo = Break Frequency _ Br 
Acl =~ Ry 


FIGURE 14 — HIGH/LOW LIMIT ALARM 


Vcc 10k Vcc 


Oscillator Vir Voir Vj 


= R3 
ViL = VCC RTF R2+ RB 


_ R2+ R3 
Vin = VCC RT + RD + AS 


Oscillator 

if R4 = RS5S= RE 
yj 
f = 0.72/R¢C 
As Shown, f = 2.2 kHz 


Vo Will Oscitlate If Vipy < vj, Or VIL > Yi 


Limit Detector 


= Vo Will Be Low If Vit < vi < Ving 


FIGURE 15 — ZERO CROSSING DETECTOR WITH TEMPERATURE SENSOR 


Vv 
10k 2 . cc 
Veco Zero Crossing Detector iaWVEROrON (eae) 
14 
Vin O—> Vo (gis 2VBE 
R1 Op Amp 1 R5 


R1 and R2 control the switching voltage 
of the zero crossing detector 


£V,=2Vp RUT R2 
VEEO R2 
+Vs_. 
O- 
Sc heed 


a) i] Time 
Ta<Tset Vee 


Temperature Sensor Vee 
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MC3405, MC3505 


FIGURE 16 — LSTTL to CMOS INTERFACE WITH HYSTERESIS FIGURE 17 — “NOR” GATE 
| Vec 
° 
i A 
B 3.0k* 
| - 
| D ee G 
4 Comp* 
\ | 10k 10k 
LSTTL | Level Shift | cmos + = 
{ Vit=1.a7zV | a RPRO CED 
Vin = 1.80V 
*The same configuration may be used with an Op Amp *The same configuration may be used with an Op Amp 


if the 3 k resistor is removed. if the 3 k resistor is removed. 
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MC3430 


MOTOROLA 


as SEMICONDUCTOR sox thru 
TECHNICAL DATA 


QUAD DIFFERENTIAL VOLTAGE 
COMPARATOR/SENSE AMPLIFIERS 


The MC3430 thru MC3433 high-speed comparators are ideal for 
application as sense amplifiers in MOS memory systems. They are 
specified in a unique way which combines the effects of input offset 
voltage, input offset current, voltage gain, temperature variations 
and input common-mode range into a single functional parameter. 
This parameter, called Input Sensitivity, specifies a minimum differ- 
ential input voltage which will guarantee a given logic state. Four 
variations are offered in the comparator series. 

The MC3430 and MC3431 versions feature a three-state strobe 
input common to all four channels which can be used to place the 
four outputs in a high-impedance state. These two devices use 


MC3433 


QUAD HIGH SPEED 
VOLTAGE COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


16 4 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


active-pull-up MTTL compatible outputs. The MC3432 and MC3433 
are open-collector types which permit the imptied AND connection. 
The MC3430 and MC3432 versionsare specified for a +7.0 mV input 
sensitivity over the 0 to 70°C temperature range, while the MC3431 
and MC3433 are specified for +12 mV. 


CONNECTION DIAGRAM 


INPUTS 


®@ Propagation Delay Time — 40 ns Pa 


@ Qutputs Specified for a Fanout of 10 (MC7400 type loads) 


@ Specified for all conditions of +5% Power Supply Variations, 
Operating Temperature Range, Input Common-Mode Voltage 
Swing from -3.0 V to 3.0 V, and Rg < 200 ohms. OUTEUTS 


OUTPUT A} 3 


STROBE 


+ 
INPUTS 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


TRUTH TABLE 
MC3430 and MC3432 


1.K WORD 1-K WORD 1.K WORD 1-K WORD 
MOS MEMORY| | [MOS MEMORY] | | MOS MEMORY] | {MOS MEMORY Vip 27.0 mv oa 

1-K WORD [ 1-K WORD 1-K WORD 1-K WORD Ta = Oto 70°C Lor { mesas2| 
ee MEMORY] } |MOS MEMORY] | [MOS MEMORY] |MOS MEMORY Papo 


-7.0 MV <Vip [~ gz | M3430 
1K aeaeey 1K WORD 1-K WORD MC3430 thru 
MOS MEMOR MOS MEMORY MOS MEMORY MC3433 <7omv [uc fot] Mc3432 
1K WORD [1x woRD : >! 
Mos MEMORY |Mos MEMORY > +HODATA BIT #4 


Ta=0r0 70°¢[ Hof | 


Vip S-7.0 mv 


= 
oO 
a 
> 
Qo 
° 


3 


Ta = Oto 70°C 


TRUTH TABLE 
MC3431 and MC3433 


ODATA BIT #3 


Vip 212 mv 


n 
3 
3 
g 


DATA BIT OUTPUT 22 


ODATABIT #2 Ta = Oto 70°C 


-12mV <Vv 
DATA BIT OUTPUT #1 < 10 


18k 0 O DATA BIT #1 <+12 mv 
Ta = Oto 70°C 


r/8 


Vip <-12 mv 


Ta = Oto 70°C 


Only four devices are required for a 


2 L = Low Logic State 2Z = Third (High impedance) 
4-k word by 16-bit memory system. 


H = High Logic State 1 = Indeterminate State 
RS < 200 2 
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MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Po Rating «Sb [Vale | 
Vae 
[Differential Mode Input Signal Valage Range ———S—SCS*dCSM | 8 

[Strobe Input Vonage SSSCSCSC~SdYCtsy P88 


Output Voltage (MC3432 — 33 versions) +7.0 


Junction Temperature 
Ceramic Package 
Plastic Package 


Operating Temperature Range °C 
Storage Ternperature Range -65 to +150 °C 


Vdc 
Vdc 
Vde 
Vde 


E 
eu 
_ 
aon 
ou 
° 
oO 


Typ 


Differential-Mode Input Voltage Range 


Common-Mode Input Voltage Range 
Input Voltage Range (any input to Ground) 


ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = —5.0 Vdc, Ta = 0°C to +70°C unless otherwise noted.) 
Typical Values are Measured at Ta = 25°C 


Input Sensitivity (See Discussion on Page 3) 
(Rg <200 Ohms) 
(Common Mode Voltage Range = -3.0 V <Vjn <3.0 V) 
4.75 SVcc 5.25 V 7 _ sp06 jeeeee MC3432 
-4.75>Vegp >-5.25V 4 MC3431, MC3433 
(Common Mode Voltage Range = -3.0 V<Vj, <3.0 V) 
4.78 S Vcc 5.25 V Ta =0t0 70°C { MC3430, MC3432 
-4.75 >Veg S-5.25V MC3431, MC3433 


Input Bias Current 
(Voc = 5.25 V, Veg = -5.25 V) MC3430, MC3432 
MC3431, MC3433 


Strobe Current (Low State) 

(Voc = 5.25 V, Veg = -5.25 V, Vin = 0.4 V) 
Strobe Current (High State} 

(Voc = 5.25 V, Vege = -5.25 V, Vin = 

(Vcc = 5.25 V, Veg = -5.25 V, Vin = 
Output Voltage (High State) 

(Iq = -400 HA, Voc = 4.75 V, Veg = -4.75 V) 
Output Voltage {Low State) 

(Ig = 16 MA, Vcc = 4.75 V, Veg = 4.75 V) 
Output Leakage Current 

(Voc = 4.75 V, Veg = -4.75 V, Vg = 5.25 V) 
Output Current Short Circuit 

(Vcc = 5.25 V, Veg = -5.25 V) 
Output Disable Leakage Current 

(Voc = 5.25 V, Veg = -5.25 V) 
High Logic Level Supply Currents 

(Voc = 5.25 V, Veg = -5.25 V) 
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MC3430 thru MC3433 


A UNIQUE FUNCTIONAL PARAMETER FOR COMPARATORS 


A unique approach is used in specifying the MC3430-33 quad 
comparators. Previously, comparators have been specified as linear 
devices with common operational amplifier type parameters such 
as voltage gain (Ayoj), input offset voltage (Vig), input offset 
current (ljQ) and common-mode rejection ratio (CMRR). This is 
true despite the fact that most comparators are seldom operated in 
their linear region because it is difficult to hold a high gain com- 
parator in this narrow region. Comparators are normally used to 
“detect’’ when an unknown voltage level exceeds a given reference 
voltage. 

The most desirable comparator parameter is what minimum dif- 
ferential input voltage is required at the comparator's input ter- 
minals to guarantee a given output logic state. This new and im- 
portant parameter has been called input sensitivity (Vig) and is 
analagous to the input threshold voltage specification on a core 
memory sense amplifier. The input sensitivity specification in- 
cludes the effects of voltage gain, input offset voltage and input 
offset current and eliminates the need for specifying these three 
parameters. 

In order to make this parameter as inclusive as possible on the 
MC3430-33 series quad comparators, the input sensitivity is speci- 
fied within the following conditions: 


Commercial Temperature Range — 0 to 70°C 

Pewer Supply Variations — +5% (all conditions) 

Input Source Resistance — <200 Ohms 

Commen-Mode Voltage Range — -3.0 V to +3.0 V 
Note: Typical values have been included on the omitted parameters 
for applications where the offset voltages are externally nulied. 

Voltage gain is defined as the ratio of the resulting AVo to a 
change in the VipR using conditions at which the Vig and !19 
are nulled. Thus, for worst case MTTL logic levels, the required 
output voltage change is 2.0 V (Voymin — Vo_max = 2.4 V — 


0.4 V). If 2.0 mV are required at the input terminals to induce 
this change in logic state, the voltage gain would be 1000 V/V. 

Gain however is not the only factor affecting the logic tran- 
sition. Normally input offset voltages, that are not externally 
nulled, can add an appreciable error that drastically overshadows 
the comparator gain. Therefore, the 2.0 mV for example, required 
to cause the logic transition is often masked. An input offset 
voltage of up to 7.5 mV might be required to reach the linear 
region. A further consideration is the input offset current of up to 
+10 wA flowing through the matched 200-Ohm source resistors at 
the input terminals which can create an additional error of +2.0 
mV. In order to determine a worst case input sensitivity, it must 
be assumed that minimum specified gain and maximum specified 
offset voltage and current conditions exist. Also it must be as- 
sumed that these three factors are cumulative, requiring a worst 
case input of: 

Logic Transition = 2.0 mV 

Vio = 7.5 mV 

ly of +10 ZA thru 200-Ohm resistor = 2.0 mV 
Therefore, 2+7.5+2= 11.5 mV. 

The effects of power supply voltage variations, temperature 
changes and common-mode input voitage conditions have not 
been considered, as they are not present in the gain and offset 
specifications on most comparators. 

Thus, the input sensitivity specification greatly reduces the 
effort required in determining the worst case differential voltage 
required by a given comparator type. 

Table | compares the worst case input sensitivity of three 
popular comparator types at both room temperature and over the 
specified commercial temperature range (0 to 70°C). This sensi- 
tivity was computed from the specified voltage gain, offset voltage 
and offset current limits. 


TABLE | — WORST CASE COMPARISONS 


VIO |Avoi* 
mV 1 V/V 
Max | Typ 


Type 
Number 


for 3.0 V Output 
Change 


200 2 Source 
Resistors 


3.0 mV 
0.0012 mV 


*Typical values given, as minimum gain not always specified. 
**tigQ measured in nA 


FIGURE 2 — GUARANTEED OUTPUT STATE versus 
DIFFERENTIAL INPUT VOLTAGE 


Uncertainty 
Region 
MC3430 
MC3432 


-3.0V< Vick <3.0V 
4.75V< Vcc < $.25 V 


Vp, OUTPUT VOLTAGE (VOLTS) 


0°C <Ta < 70°C 
Rg < 2002 


-19 -10 -5 O 5 10 15 20 2 30 35 
DIFFERENTIAL INPUT VOLTAGE (mv) 


-36 -30 -26 -20 


Total 
Sensitivity 


Vin{B), INPUT VOLTAGE (VOLTS) 
o 


Ta = 0 to 70°C 


Differential input 

Voltage Required 

for 3.0 V Output 
Change 


5.0mV 
0.014 mV 


FIGURE 3 — GUARANTEED OUTPUT STATE versus 
INPUT VOLTAGE 


Tr na 


Undetermined 
Region 

(Expanded 
Scale) 


Guaranteed : 
VoH ne Beer Z| 
State VinlA) Vout | 


1.0 t “t =) 
Guaranteed Rs < 200 2 
-2.0 VoL —7}— -3.0V<Vicn<30V7 
State 0°C < Ta < 70°C 
-3.0 4.75V< Vcc <5.25V 
i -4.75 V > Veg > -6.25 V 
-4.0 -30  -20 -10 0 7.0 20 30 4.0 


Vin(A), INPUT VOLTAGE (VOLTS) 
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MC3430 thru MC3433 


SWITCHING CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = -5.0 Vdc, Ta = +25°C unless otherwise noted.) 


Time (Differential Inputs) 5.0 mV + Vig 

Low to High Logic Level Propagation Delay 
Time (Differential Inputs) 5.0 mV + Vis 
Delay Time (Strobe) 
Delay Time (Strobe) 
Delay Time (Strobe) 

Low Logic Level to Open State Propagation 
Delay Time (Strobe) 


High Logic to Low Logic Level Propagation tPHL(S) 
Delay Time (Strobe) 


Low Logic to High Logic Level Propagation tPLH(S) 
Delay Time (Strobe) 


TEST CIRCUITS 
FIGURE 4 — STROBE PROPAGATION DELAY TIMES tp, 2(s). tpZL(S)- tpHZ(S). 29d tPZH(s) 


+50V 


Pvt [v2 fost jf sz | ow | 


v1 
Peznr | ove [ommv | oom 


Ci includes jig and probe capacitance. 

Ein waveform characteristics: 

tTLH and trHL < 10 ns measured 10% to 90%. 
PRR = 1.0 MHz 

Duty Cycle = 50% 


Output of Channel 6 shown under test, 
other channels are tested similarly. 


Ein 1.5V Ein 
ov ov 
tPLZ(s) tpLz(S) tPHz(S) tPHZ(S) 
TIS V 
Eo 
0.5 Vv 
es qosy 
3.0V 
Ein OV-—--- 
tPZL(S) tPZLKS) tpZH(S) 
Ov-VD4 
Eo 15 V 
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MC3430 thru MC3433 


FIGURE 5 — STROBE PROPAGATION DELAY tp; H(s) AND tpH1(s) 


+5.0V 


+100 mv 


MC3432 Eo 
MC3433 


15 pF 


c (Total) 


Ein waveform characteristics: 
tTLH and trH_ < 10 ns measured 10% to 90%, 


PRR = 1.0 MHz 
Duty Cycle = 50% 


Output of Channel B shown under test, other channels are tested similarly. 


FIGURE 6 — DIFFERENTIAL INPUT PROPAGATION DELAY tp; 44(p) AND tpHL(p) 
Vv 


VREF 


VREF + Vis 


MC3430 
thru 
MC3433 


E jin waveform characteristics: 


Output of Channel B shown under test, other channels are tested similarly tTLH and trHL < 10 ns measured 10% to 90%. 
: PRR = 1.0 MHz 
$1 at ‘’A” for MC3430, MC3431 Device VREF mV Duty Cycle = 50% 
S1 at 'B” for MC3432, MC3433 MC3430 
C, = 50 pF total for MC3430, MC3431 MC3431 | 15 
C, = 15 pF total for MC3432, MC3433 MC3432 / 11 
MC3433 | 15 
FIGURE 7 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 
Voc & 


OOUTPUT 


INPUT 


O STROBE 
oar am Toes : 
VEE O COMPARATORS 


Dashed components apply to the MC3430 and MC3431 circuits only. 
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MC3430 thru MC3433 


TYPICAL PERFORMANCE CURVES 


RESPONSE TIME versus OVERDRIVE — MC3430, MC3431 


FIGURE 8 — OUTPUT LOW TO HIGH FIGURE 9 — OUTPUT HIGH TO LOW 


Ll vec-+50vj | | | ees ee ee ee a 
|| Vee=-5. a nea ae | | VEE > -50V Cae eae RE a 
da We ee EERE EEE 
"Von 2 Voy en EBs 
< a ann Nees 
. > [| | [| | | T S\V¥ 
a B CELT TaN ales 
z See oR hg LAY svt tt 
ae ee ee | | IAAL / ae ee AAA 7 
rr ae I Ar, i SS Ws Gene ee 
100 mV VOL 
oe aomv| | | | | J i edt 
TOON sch Mad eels te Soa, tie en od 
-20 -10 0 10 20 30 40 50 -20 -10 0 10 20 30 40 50 
TIME (ns) TIME (ns) 
RESPONSE TIME versus OVERDRIVE — MC3432, MC3433 
FIGURE 10 — OUTPUT LOW TO HIGH FIGURE 11 — OUTPUT HIGH TO LOW 
ou Rope als 
PAYA lho hy 
— \WVA 
re fe VEY 
oO oO 
< < 
5 5 
$ $ 
od i 
2 = 
LF E 
/t/ 4 
rh eS CSE ERS PS SO 2 Fg Pe een aes 
100 mv pop tH S$ 
oL-— 200 mV 
190 mv | 
-10 0 10 20 30 60 -20 -10 0 10 20 30 40 50 
TIME (ns) TIME (ns) 
FIGURE 12 — AVERAGE INPUT OFFSET VOLTAGE FIGURE 13 — RESPONSE TIME versus TEMPERATURE 
versus TEMPERATURE 


TIME (ns) 


INPUT OFFSET VOLTAGE (mV) 


= 100 mV 
Overdriet = 100 mV 


0 
-25 0 25 50 75 100 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
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MC3430 thru MC3433 


APPLICATIONS INFORMATION 


FIGURE 14 — 4-BIT PARALLEL A/D CONVERTER 


22 
me 05.0V 


IN9O14 
on, Vref = 3.0 V 
equiv 
T0.1 MF es a 
BH = 22 = (B+ 4) (N) 
{'° = 60 mA 3 m7 
Vino Each Comparator 


2' =(B+D)(F + 3) (CL +N) (R) 


5.0V9 


Di 


= / 1/4 of MC3432_— Conversion Time = 50ns 
R 
- s 
A eg a fs 
- 


rt 


Ct a 


> — 


shSI OP or equi, 29- (A+ 8) (G+ DI (E+ F) (H+ 4) (KR +L) (M+) (P+) (S) 


270 


R=3.082+5% 
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MC3430 thru MC3433 


FIGURE 15 — LEVEL DETECTOR WITH HYSTERESIS FIGURE 16 — TRANSFER CHARACTERISTICS AND 
EQUATIONS FOR FIGURE 15 


Vo (VOLTS) 


Vin (VOLTS) 


R2 [V o(max) ~- Vrer! 
R1+ R2 

R2 [Vo(min) — Vree! 
R1+R2 


Vhigh = Vref + 


Viow = Vrett 


Hysteresis Loop (V4) 


R2 
Vn = Vhigh — View = aga a2 [Vo(max) — Vo(min)) 


FIGURE 17 — DOUBLE ENDED LIMIT DETECTOR FIGURE 18 — VOLTAGE TRANSFER FUNCTION 


Vref (high) 


1/4 MC3432 
MC3433 


Vref (low) O 


Vref (low) Vref (high) 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-229 


MC3458 


MOTOROLA 


= SEMICONDUCTOR ox 
TECHNICAL DATA 


MC3558 
MC3358 


DUAL DIFFERENTIAL 
INPUT 
OPERATIONAL AMPLIFIERS 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 


Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VEE, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MC1558 dual operational 
amplifier. The MC3558 Series is equivalent to one-half of a MC3503. 

These amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Output B 


OutputA 
(1) 7) 
inputs oe 
@) @ (8) 


(Top View) 


Inputs B 


G SUFFIX 
METAL PACKAGE 
CASE 601 


Short Circuit Protected Outputs 

True Differential Input Stage 

Single Supply Operation: 3.0 to 36 Voits 
Low Input Bias Currents 


Internally Compensated 

Common Mode Range Extends to Negative Supply 

Class AB Output Stage for Minimum Crossover Distortion 
Single and Split Supply Operations Available 

Similar Performance to the Popular MC 1558 


MAXIMUM RATINGS 


Power Supply Voltages 
Single Supply 
Split Supplies 

Input Differential Voltage 
Range (1) 


Input Common Mode Voltage 
Range (2) 


Input Forward Current 
(vy < ~0.3 V) 

Junction Temperature 
Ceramic and Metal Packages 
Plastic Package 

Storage Temperature Range 
Ceramic and Metal Packages 
Plastic Package 


Operating Ambient Temper- Ta 
ature Range 
MC3558 
MC3458 
MC3358 


~55 to +125 
Oto +70 
-—40 to +85 


NOTES: 
(1) Split Power Supplies. 


(2) For Supply Voltages less than + 18 V, the absolute maximum input voltage is equal to the 


supply voltage. 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC3458, MC3358 Only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


PIN CONNECTIONS 
Vdc 


(Top View) 


ORDERING INFORMATION 


Temperature Range 
MC3358P1 —40°C to +85°C Plastic DIP 


SO-8 
Metal Can 
Plastic DIP 

Ceramic DIP 


e 4 Metal Can 
Baden whe Ceramic DIP 


0°c to +70°C 


MC3458U 


MC3558G 
MC3558U 
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MC3458, MC3558, MC3358 


(For MC3558, MC3458, Vcc = +15 V, Veg = -15 V, Ta = 25°C unless otherwise noted.) (For MC3358, Vcc = +14 V, Veg = Gnd, 
ELECTRICAL CHARACTERISTICS T, = 25°C, unless otherwise noted.) 


Input Offset Voltage Vio 
Ta > Thigh t0 Tow (1) 


Input Offset Current 
Tas Thigh to Tiow 
Large Signal Open-Loop Voltage Gain 
Vo = 110 V, RL = 2.0kQ, 
Ta = Thigh to Trow 
Input Bias Current 
Output Impedance 
f= 20 Hz 


Input Impedance 
f = 20 Hz 


Output Voitage Range 
RL =10k2 212 1135 
RL = 2.0k2 : +10 £13 
RL = 2.0k2, Tp = Thigh to Tlow +10 7 


+13. V-VegE] +13 SV -VEE 


10 a 


+12 V -VeElH+12.5V-VEE 


N 
N 


Power Supply Current (Vo = 
RL== 
+45 
150 


150 30 
Average Temperature Coefficient of Input - - 50 
Offset Current 
Ta = Thigh t© Tiow 
Average Temperature Coefficient of input 10 
Offset Voltage 
Ta = Thigh t° Tlow 


Power Bandwidth 
Ay=1, RL =2.0k2, Vg = 20 Vip-pl, 
19) Thigh = 128°C for MC3558, 70°C for MC3458, 85°C for MC3358 
Tiow = -55°C for MC3558, 0°C for MC3458, -40°C for MC3358 


THD = 5% 
ELECTRICAL CHARACTERISTICS (vcc = 5.0 V, Veg = Gnd, Ta = 25°C unless otherwise noted.) 


Small-Signat Bandwidth 

Ay = 1, RU = 10k, Vg = 50mv 
Slew Rate 

Ay =1,V,=-10V to +10 V 
Rise Time 

Ay = 1, Re = 10 k92, Vg = 50mVv 
Fall Time 

Ay = 1, RL = 10k2, Vo = 50 mv 
Overshoot 

Ay =1,R, =10k2, Vo=50mvV 
Phase Margin 

Ay=1, RL = 2.02, C_ = 200pF 
Crossover Distortion 

(Vin = 30 mVp-p, Vout = 2.0 Vp-p. 

f= 10 kHz) 


Input Offset Voitage 
input Offset Current 
Input Bias Current 


Large-Signal Open-Loop Voltage Gain 
Ry = 2.0k2 
Power Supply Rejection Ratio 
Output Voitage Range (3) 
RU = 10k, Veg = 5.0 V 
Ry = 10k2, 5.0V <Vcec <30V 
Power Supply Current 


Channe! Separation 
f = 1.0 kHz to 20 kHz (Input Referenced) 


ao 
° 


(2) Not to exceed maximum package power dissipation. 
(3) Output will swing to ground 
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MC3458, MC3558, MC3358 


REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 
(V2 of Circuit Shown) ee 


Output 9 
Vec 


Q27 


inputs 


Q30 


Qi11 
Ts sve 12 
ey a 

Q2 | Q7 A | Q10 nang 
j 
eis: - | 
att a cata) 
' 


| 
1 
| 
| 
| 
| 
| 
| 
| 
31k i Q29 
4 | |a28 
| 
| 
i 
| 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


CIRCUIT DESCRIPTION 


INVERTER PULSE RESPONSE The MC3558 Series is made using two internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans- 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon- 
ductance reduction is accomplished by splitting the col- 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif- 
ferential to single-ended converter. The second stage con- 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper- 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu- 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 


5 V/div. 


20 us/div. 
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MC3458, MC3558, MC3358 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — SINE WAVE RESPONSE 


0.5 V/div. 


NN 
TA ee Awau 
eae 


50 mV/div. 


*Note Class AB output stage 
{ Produces distortionless sinewave. 
Ce EEN + 


+ 


50 us/div. 


FIGURE 3 — POWER BANDWIDTH 


Vo, OUTPUT VOLTAGE (VOLTS pp) 


“10k 10k 
f, FREQUENCY (Hz) 


FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE 


=e lt 
Vec = +15V 
Veg = —15V 


Ig, INPUT BIAS CURRENT {nA} 


ae ~ 
Cae es a 
a a a 
a es ee ae 
el lire cal 
ee ae ae 
aie a a 
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T, TEMPERATURE (°C) 


Avoi LARGE-SIGNAL 


FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


Mme 
Vec = +15V 
zm 100 Vee = —15V 
= Ta = 26°C 
= 
= 80 
3 
3 
< 60 
- 
= 
S$ 
= 40 
Oo 
S 
z 20 
& 
Qo 
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-20 


1.0 10 100 1.0k 10k 


f, FREQUENCY (Hz) 


FIGURE 4 — OUTPUT SWING versus SUPPLY VOLTAGE 


Vor, OUTPUT VOLTAGE RANGE (VOLTS p-p) 


0 20 40 60 80 10 #12 #14 «16 «18 ~ «20 
Vcc AND Vee, POWER SUPPLY VOLTAGES (VOLTS) 


FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


ig, INPUT BIAS CURRENT (nA) 


20 ©6440 6.0 8 10 12 14 16 18 =.20 
Vcc AND iVeE_El, POWER SUPPLY VOLTAGES (VOLTS) 
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MC3458, MC3558, MC3358 


APPLICATIONS INFORMATION 


FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR 


10k 
R2 
Vref 
Vo 
Bese 
10k 1 2n7RC 
R1 Vref = 5 Vcc For tg=1kHz 
R= 16k82 
C= 0.01 uF 
FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 — COMPARATOR WITH HYSTERESIS 
Hysteresis 


a 


Viet! VinH 
Vret 


(Vor — Vret) + Vret 


Rt 
1+R2 


VinL = BR 


R1 
VinH~ Aye Ro (VoOH ~ Vref) + Vret 
= R1 
R1i+ R2 


@o = C(1+at db) (e2 -e1) 


(Von — Vou) 


FIGURE 11 — BI-QUAD FILTER 


1 
Vret = 5 Vec 


fo = tkHz 
Vref e 
Q=10 
Bandpass Vref 
Output Tpp= 
Tut 
cl 
¢—— Notch Output R= 160k 
C = 0.001 uF 
R1=1.6M2 
Veef Where Tgp = Center Frequency Gain R2=1.6M2 
Ty = Passband Notch Gain R3= 1.6M2 
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MC3458, MC3558, MC3358 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 — FUNCTION GENERATOR 


Triangle Wave R2 
Output 


1 
Veet = 2 Vee 


Vref 


Square Wave 
Output 


R1 


Co=10C 


1 
Vref = 5 Voc 


Vret 2 


Given fo = Center Frequency 
Alfg) = Gain at Center Frequency 


Choose Value fg, C 


Then: 
age? 
nmfgc 
_ RB 
"2 Alfg) 
R1R3 
R2 


~ 402 R1— RB 
For less than 10% error from operational amplifier 


Qo fo . 
an <0.1 Where f, and BW are expressed in Hz. 


If source impedance varies, filter may be preceded with 
voltage follower buffer to stabilize filter parameters. 
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MOTOROLA 


m= SEMICONDUCTOR xxx 
TECHNICAL DATA 


LOW COST PROGRAMMABLE LOW COST 
OPERATIONAL AMPLIFIER PROGRAMMABLE 
The MC3476 is a lowcost selection of the popular, industry- OPERATIONAL AMPLIFIER 
standard MC1776 programmable operational amplifier. This SILICON MONOLITHIC 
extremely versatile operational amplifier features low power INTEGRATED CIRCUIT 


consumption and high input impedance. tn addition, the quiescent 
currents within the device may be programmed by the choice of 
an external resistor value or current source applied to the Iset input. 
This allows the amplifier’s characteristics to be optimized for input 
current and power consumption despite wide variations in operating 
Power supply voltages. 


G SUFFIX 
METAL PACKAGE 
CASE 601 


+6.0 V to +18 V Operation 
Wide Programming Range 
Offset Null Capability 

No Frequency Compensation Required ks) 
Low Input Bias Currents ores ore 
Short-Circuit Protection 


inverting Input (2) 


RESISTIVE PROGRAMMING (See Figure 1.) Non-Inverting Input) 


Rset to GROUND Reset to NEGATIVE SUPPLY 


(Top View) 


vec 
P1 SUFFIX 


PLASTIC PACKAGE 
CASE 626 


' Vcc -0.6 -VeE 
82 
Reet 


Typical Reet Values 


Vec. VEE! Iset = 10 vA Iser = T5UA 


Typical Ree;y Values 


U SUFFIX ss 
CERAMIC PACKAGE 


CASE 693 8 
1 


ACTIVE PROGRAMMING Offset Null [7] 18] ‘set 
inverting Input [2] Vec 
FET CURRENT SOURCE BIPOLAR CURRENT SOURCE si ecavaremataane a FS) output 
Vee [4] [5] Offset Null 


(Top View) 


ORDERING INFORMATION 


Pins not shown are not connected. 
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MC3476 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 
as” aa GE ee GAS ee GE 


Offset Null to Veg Voltage Voff~VEE +0.5 
Prowremming Curent ae ee ce ee 


Programming Voltage (Voc-0.6 V} 
(Voltage from Ise¢ terminal to ground) to 
Voc 
[Output Short Circuit Duration® tg dati 
J 


Storage Temperature Range Tstg 
Metal and Ceramic Packages 
Plastic Package 
Junction Temperature 

Metal and Ceramic Packages 
Plastic Package 


-65 to +150 
-55 to +125 


T 


*Short-Circuit to ground with Ige¢ < 15 uA. Rating applies up to ambient temperature of +70°C. 


EQUIVALENT SCHEMATIC DIAGRAM 


LL EE LC CL I TT St IT ETS 
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MC3476 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Iset = 15 vA, Ta = +25°C unless otherwise noted.) 


Characteristic 
Input Offset Voltage (Rg < 10 kM) 
Ta = +25°C 
0°C < Ta < 70°C 
Offset Voltage Adjustment Range 


3 


i ja 
° 3 
IO 
ono 


Input Offset Current 
Ta = +25°C 
Ta = 70°C 
Ta =0°C 

tnput Bias Current 
Ta = +25°C 
Ta = 70°C 
Ta =0°C 


Input Resistance 
Input Capacitance 


Input Common-Mode Voltage Range 

0°C < Ta < 70°C 
Large Signal Voltage Gain 

RL > 10 kQ, Vo = #10 V, Ta = +25°C 

RL = 10 k2, Vg = #10 V,0°C « Ty < 70°C 
Output Voltage Range 

Ri >= 10 kQ, Ta = +25°C 

RL = 10 k2, 0°C < Ty < 70°C 


Output Resistance 


Output Short-Circuit Current 


a 
° 


= 
te) 


Uv = 3 


< 
~ 
< 


Common-Mode Rejection Ratio 
Rg < 10 k2, 0°C < Ty < 70°C 


Supply Voltage Rejection Ratio 
Rs < 10 k2,0°C < Ta < 70°C 


Supply Current 
Ta = +25°C 
0°C < Ta < 70°C 
Power Dissipation 
Ta =+25°C 
0°C < Ta < 70°C 
Transient Response (Unity Gain) 
Vin = 20 mV,RL = 10 kQ, Cy = 100 pF 
Rise Time 
Overshoot 
Slew Rate (Ry_ > 10 kQ) 


TRANSIENT-RESPONSE 
VOLTAGE OFFSET TEST CIRCUIT 
NULL CIRCUIT 


7OVcc 


Pins not shown are not connected. 
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MC3476 
TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 
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Ise, SET CURRENT (yA) 
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SET CURRENT (yA) 


Iset, 


MC3476 


TYPICAL CHARACTERISTICS (continued) 
(Tp = +25°C unless otherwise noted.) 


FIGURE 7 — OUTPUT VOLTAGE SWING FIGURE 8 — OUTPUT SWING 
versus LOAD RESISTANCE versus SUPPLY VOLTAGE 
30 Pot ™ 
Vec=+15V 
Veg=-15V 
5 24} 'set = 15 uA = 
= z2 
Ber = 
= 2 18 a +—+ w 
2s S 
eu f 4 Fi 
<<} > 
ge" 5 
= 4 5 
a 2 
i ° 
s 6.0 + E 
0 tt 
10k 10k 100k 1.0M 
R,_, LOAD RESISTANCE (OHMS) Vcc. IVEEi, SUPPLY VOLTAGES (V) 
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MOTOROLA 
MC4558 
= SEMICONDUCTOR xy ’ 
TECHNICAL DATA MC4558AC, MC4558C 


DUAL WIDEBAND OPERATIONAL AMPLIFIER DUAL WIDE BANDWIDTH 
OPERATIONAL AMPLIFIER 
The MC4558, MC4558AC, and MC4558C combine all the out- 
standing features of the MC1458 and, in addition, possess three SILICON MONOLITHIC 
times the unity gain bandwidth of the industry standard. INTEGRATED CIRCUIT 
@ 2.5 MHz Unity Gain Bandwidth Guaranteed on MC4558 and | 
MC4558AC 
@ 2 MHz Unity Gain Bandwidth Guaranteed on MC4558C 
®@ Internally Compensated G SUFFIX 
®@ Short-Circuit Protection METAL PACKAGE 
é Pr CASE 601 
@ Gain and Phase Match between Amplifiers 
@ Low Power Consumption 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) ee 


-synin osestac| meanse | uns | 
Rating Symbol |MC4558AC} MC4558C Unit 
Vcc +22 +18 Vdc 


(5) 
or 
Oa 


(Top View) 
wa 
P1 SUFFIX 
PLASTIC PACKAGE 
Storage Temperature Range : CASE 626 
Metal and Ceramic Packages ~65 to +150 1 
Plastic Package -55 to +125 
Junction Temperature U SUFFIX R 
Metal and Ceramic Packages CERAMIC PACKAGE 
Plastic Package CASE 693 8 
1 
NOTES: 
1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to the D SUFFIX 
supp! PLASTIC PACKAGE 
pply voltage. 
Gor A 8 me? CASE 751 
2. Short circuit may be to ground or either supply. 1 


(SO-8) 


EQUIVALENT CIRCUIT SCHEMATIC 
(1/2 of Circuit Shown) 


inverting 


+0 
Non-tnverting 
input 


Ceramic DIP 


Metal Can 


Plastic DIP 
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MC4558, MC4558AC, MC4558C 


FREQUENCY CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = 25°C) 


MC4558, MC4558AC 
Symbol_| Min_| Typ _| 


il al 


Unity Gain Bandwidth 


3 
< 


Input Offset Voltage 
(Rg < 10 kQ) 


Large Signal Voltage Gain 
(Vo = +10 V, Ry = 2.0 ka) 


Output Resistance 

Common Mode Rejection Ratio 
(Rg < 10 kQ) 

Supply Voltage Rejection Ratio 
(Rg < 10 kQ) 

Output Voltage Swing 
(Ry = 10 kQ) 
(RL > 2 kQ) 

Output Short-Circuit Current 


Transient Response (Unity Gain) 
(Vy = 20mV, RL > 2k, CL <100pF) Rise Time 
(V; = 20mV, Ry >2k2,Cy_ < 100 pF) Overshoot 
(Vj=10V,R_L >2k2,C_ <100pF) Slew Rate 


3 


Input Offset Voltage 
(Rg < 10k) 
Input Offset Current 
(Ta = Thigh) 
(Ta = Tlow! 
(Ta = 0°C to +70°C) 
Input Bias Current 
(TA = Thigh) 
(Ta = Tow) 
(Ta = 0°C to +70°C) 
Common Mode Input Voltage Range 


300 


= 
pF] 


om 
= 
nN 
+ 
cs 
Ww 


t+ f 
= = 
wor 


Large Signa! Vottage Gain 
(Vo = #10 V, Ru = 2 kQ) 


Common Mode Rejection Ratio 
(Rg < 10 kQ) 

Supply Voltage Rejection Ratio 
(Rg < 10 kQ) 

Output Voltage Swing 
(Ry = 10 kM) 
(Rp >2kQ) 


wo 
oO 


Supply Currents (Both Amplifiers) 
(Ta = Thigh) 
(Ta = Tow) 


Power Consumption (Both Amplifiers) 
(Ta = Thigh) 
(Ta = Tlow) 


*Thigh = 125°C for MC4558 and 70°C for MC4558C and MC4558AC. 
Tiow = ~55°C for MC4558 and 0°C for MC4558C and MC4558AC. 
t1}g is out of the amplifier due to PNP input transistors. 
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MC4558, MC4558AC, MC4558C 


FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE 


E,,, INPUT NOISE (peak) (:V) 
En, INPUT NOISE (rms) (uV) 


10 100 10k 10% 100% TOM “10 100 10 10k 100 k 10M 
pa Side RR SISTANCE OHS! Rg, SOURCE RESISTANCE (OHMS) 


FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY 
= 
g & 
oH 4 
if = 
4 
Ss a 
5 S 
= 5 
° 2 
wr 
shail ii ee 
oo Lit I HH HH 
10 100 1.0k MOT 100 k 10M 10k 
Rs, SOURCE RESISTANCE (OHMS) f, FREQUENCY (Hz) 
FIGURE 5 — BURST NOISE TEST CIRCUIT 
Positive 
Threshold 0 
Voltage 
To Pass/Fail 
Indicator 
1k 
Operational Amplifier aa Pass 
Under Test Ute 
1.0 Hz to 1 kHz 
- Negative 
Threshold 
Voltage 
Unlike conventional peak reading or RMS meters, this system was The test time employed is 10 seconds and the 20 uV peak 
especially designed to provide the quick response time essential to limit refers to the operational amplifier input thus eliminating 
burst (popcorn) noise testing. errors in the closed-loop gain factor of the operational amplifier 
under test. 
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MC4558, MC4558AC, MC4558C 


FIGURE 6 — OPEN LOOP FREQUENCY RESPONSE FIGURE 7 — PHASE MARGIN versus FREQUENCY 
y T AG T= 2 a 1 on 
180 ee eee eee eee 
16 + bos 
g as ae 
2 w 140 
ft o 
3 a 120 r 
< Z 100 = 
Af ao 
° = 80 
g Z 
: 2 6 
é au 
= 40 
20 
0 
1.0 10 100 10k 10k 100k 10M 10M 1.0 10 100 40k 1k 100k 10M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 9 — NEGATIVE QUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus LOAD RESISTANCE 
15 =15 V SUPPLIES 15 +15 V SUPPLIES 
= 13t +4 _ 
a £12V EY 
= 11} +- > 11 
a w 
g 2 
o 9.0} “9V e 9.0 
2 $ 
‘a 
= 7.0 = = 7.0 
a 5 
° 5.0 s6V} 4 5 50 
i) f=) 
> > 
3.0 
+3V | ay 
Wem at itil Si 1.0 
100 500 10k 20k 10k 20k 50k 100k 100 500 1.0k 2.0k 10k 20k 50k 100k 
R,, LOAD RESISTANCE (OHMS) R,, LOAD RESISTANCE (OHMS) 
FIGURE 10 — POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 11~— TRANSIENT RESPONSE TEST CIRCUIT 


To Scope 
{Input} 


To Scope 
(Output) 


Vg, OUTPUT VOLTAGE (Vp_p) 


10 100 1.0k 10k 100 k 1.0M 
f FREQUENCY (Hz) 


ano ED 
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MOTOROLA 
» SEMICONDUCTOR Soo 
TECHNICAL DATA 


(QUAD MC1741) 
OPERATIONAL AMPLIFIERS 


The MC4741 series is a true quad MC1741. Integrated on a single 
monolithic chip are four independent, low-power operational 
amplifiers which have been designed to provide operating char- 
acteristics identical to those of the industry standard MC1741, and 
can be applied with no change in circuit performance. 

The MC4741 can be used in applications where amplifier matching 
or high packing density is important. Other applications include 
high impedance buffer amplifiers and active filter amplifiers. 


@ Each Amplifier is Functionally Equivalent to the MC1741 
@ Class AB Output Stage Eliminates Crossover Distortion 

@ True Differential Inputs 

@ Internally Frequency Compensated 

@ Short Circuit Protection 


@ Low Power Supply Current (0.6 mA/Amplifier) 


EQUIVALENT CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


wah a 


INVERTING 
INPUT 


MC4741 
MC4741C 


(QUAD MC1741) 
DIFFERENTIAL INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


(Top View) 


ORDERING INFORMATION 


[| Device | Temperature Range 
MC4741L — 55°C to +125°C | Ceramic DIP 


MC4741CD $O-14 
MC4741CL 0°c to + 70°C Ceramic DIP 
MC4741CP Plastic DIP 
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MC4741, MC4741C 


MAXIMUM RATINGS (T 4 = +25°C unless otherwise noted). 


Symbol | Mca7a1_| Mca74IC | Unie] 
Vv 
Vv 


Power Supply Voltage Vcc + +18 dc 
VEE - dc 
[24a 236 | vor | 
A 
J 


22 
-22 18 
Pte 


Output Short Circuit Duration | Continuous || 
Operating Ambient Temperature Range T -55 to +125 
Cc 
Cc 


Ceramic Package 
Plastic Package 


es tee! 
° 
Storage Temperature Range 
~65 to +150 
~55 to +125 
T fo) 
175 
150 


Junction Temperature 
Ceramic Package 
Plastic Package 


TYPICAL APPLICATION 


HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER 
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MC4741, MC4741C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = ~-15 V, Ta = 25°C unless otherwise noted). 


ina 
(Ro S10 k) 

[input OffsetCurrent tt | 20 | 
[Input BiasCurrent | 80_| 
Jinput Resistance | 2.0 | 
= 
ViOR 
Vicr| +12 1 


Large Signal Voltage Gain 
(Vg = 410 V, Ry 22.0 k) 


Output Resistance 


Common Mode Rejection Ratio CMRR 
(Rg S10 k) 


Supply Voltage Rejection Ratio 


< 


(Rg S10 k) 

Output Voltage Swing Vo 
(RL 210k) +12 +12 
(Rp 22k) +10 +10 


Output Short-Circuit Current 0 
Supply Current — (All Amplifiers) 


Power Consumption (Ail Amplifiers) 


fe) 


Transient Response (Unity Gain — Non-inverting) 
(Vj =20mV, RL > 2k,C_ < 100 pF) Rise Time 
(Vj = 20 mV, RL 2 2k, Cy < 100 pF) Overshoot 
(V;=10V, RL 22k,C,_ <100pF) Slew Rate 


i O 
arr ae Typ | Mex | Min | typ | Max | 
Input Offset Voltage Vio 7.6 mv 
(Rg S10 k&Y 


Input Offset Current 
(Ta = 125°C) 
(Ta = -55°C) 
(Ta = 0°C to +70°C) 


Input Bias Current 


~ 
J a 
= nN 


(Ta = 125°C) 

(Ta = -55°C) _ 

(Ta = 0°C to +70°C) = 800 
[Common Mode Input Voltage Range | ic | #12 | tg | - | OO - | | 


Large Signal Voitage Gain Ay Vimv 
ethene fs i a 
(Rg S10 k) 
Supply Voltage Rejection Ratio LVIV 
ee ae pee ae 
ene test es] =f sl al = | 
+12 +14 oe = 
+10 413 +10 +13 
Supply Currents — (Ai! Amplifiers) 
(Ta = 125°C) 
"Thigh = 125°C for MC4741 and 70°C for MC4741C 
Tiow = -55°C for MC4741 and 0°C for MC4741C 


(RL 210 k) 
mA 
(Ta = -55°C) 


(Ry 22k) 
Power Consumption (Ta = +125°C) Po 72 102 
(All Amplifiers) (Ta = —55°C) 108 150 
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MC4741, MC4741C 


TYPICAL CHARACTERISTICS 
(Vee = +15 Vde, Veg = -15 Vdc, Ta = +25°C untess otherwise noted). 


FIGURE 1 — POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 


Vg, QUTPUT VOLTAGE (Vp.p} 


10 foe 1.0k 10k 100 k 
f, FREQUENCY (Hz) 


FIGURE 3 — POSITIVE OUTPUT VOL TAGE SWING 
versus LOAD RESIGTANCE 


Tt -7 


¥g. QUTPUT VOLTAGE (Vp.p} 


“100 200 500 780 1.0k 28k 5§.0k70k 10k 
Ry, LOAB RESKSTANCE (OHMS) 


FIGURE S — OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Singie Supply Operation) 


Vg, OUTPUT VOLTAGE SWING (Vp-p) 
= 


@ 10 20 30 40 508 60 70 380 90 10 
RL, LOAD RESISTANCE (kQ) 


Avol, VOLTAGE GAIN (dB) 


Vo, OUTPUT VOLTAGE (Vp.p) 


+80 


+ 
& 


& 


+20 


FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE 


2 ae =F [2 


0 10 106 1.0 k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) 


FIGURE 4 — NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


al . 
100 200 500 700 1.0k 2.0k 50k 7.0k 10k 
R_, LOAD RESISTANCE (OHMS) 


FIGURE 6 — NONINVERTING PULSE RESPONSE 


5.0 V/DIV 


10 us/DiV 
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MC4741, MC4741C 


FIGURE 7 — BI-QUAD FILTER 


Veet 


Bandpass 
Output 


ci 
(——e Notch Output 


1 
Vref = 3 Vcc 
Where Tpp= Center Frequency Gain 
Tn = Passband Notch Gain 


FIGURE 8 — OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE FIGURE 9 — TRANSIENT RESPONSE TEST CIRCUIT 


To Scope 
(Input) 


To Scope 
(Output) 


Ay, VOLTAGE GAIN (dB) 


0 20 40 6.0 8.0 10 12 14 16 18 20 
Vcc, \VEE!, SUPPLY VOLTAGES (VOLTS) 


FIGURE 10 — ABSOLUTE VALUE DVM FRONT END 


MSD6150 


MC4741 Quad Op-Amp 
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MOTOROLA 


m= SEMICONDUCTOR seus 
TECHNICAL DATA 


DUAL, LOW NOISE 


OPERATIONAL AMPLIFIER 
The MC33077 is a precision high quality, high frequency, low DUAL, LOW NOISE 
noise monolithic dual operational amplifier employing innovative OPERATIONAL AMPLIFIER 


bipolar design techniques. Precision matching coupled with a 
unique analog resistor trim technique is used to obtain low input 
offset voltages. Dual-doublet frequency compensation techniques SILICON MONOLITHIC 
are used to enhance the gain bandwidth product of the amplifier. INTEGRATED CIRCUIT 
In addition, the MC33077 offers low input noise voltage, low tem- 
perature coefficient of input offset voltage, high slew rate, high 
ac and dc open-loop voltage gain and low supply current drain. 
The all NPN transistor output stage exhibits no deadband cross- 
over distortion, large output voltage swing, excellent phase and 
gain margins, low open-loop output impedance and symmetrical 
source and sink ac frequency performance. 

The MC33077 is tested over the vehicular temperature range 
and is available in plastic DIP and SO-8 package (P and D suffixes). 


® Low Voltage Noise: 4.4 nV/\/Hz @ 1.0 kHz 1 
@ Low Input Offset Voltage: 0.2 mV P SUFFIX 
@ Low TC of Input Offset Voltage: 2.0 uV/°C PLASTIC PACKAGE 
® High Gain Bandwidth Product: 37 MHz @ 100 kHz CASE 626 
@ High AC Voltage Gain: 370 @ 100 kHz 
1850 @ 20 kHz 
@ Unity Gain Stable: with Capacitance Loads to 500 pF 
@ High Slew Rate: 11 V/us 
@ Low Total Harmonic Distortion: 0.0007% 
@ Large Output Voltage Swing: +14 V to —14.7 V 8 x aad 
@ High DC Open-Loop Voltage Gain: 400 k (112 dB) 1 
@ High Common Mode Rejection: 107 dB D SUFFIX 
@ Low Power Supply Drain Current: 3.5 mA PLASTIC PACKAGE 
@ Dual Supply Operation: +2.5 Vto +18 V sh 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


PIN ASSIGNMENTS 


Duai, Top View 


ORDERING INFORMATION 


Ambient Test 
Op Amp Temperature 
Function| Device Range Package 
MC33077D} 3 on | 90-8 
ee ee 40°C to + 89°C | brastic DIP 
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MC33077 


MAXIMUM RATINGS 


Storage Temperature —60 
Maximum Power Dissipation | Pp | (Note 2) | 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = —15V, Ta = 25°C unless otherwise noted.) 
Characteristics 


Input Offset Voltage (Rg = 100, Vc = OV, Vo = OV) 
Ta = +25°C 
Ta = —40°C to +85°C 


Average Temperature Coefficient of Input Offset Voltage AV|Q/AT 2.0 pVvPC 
Rg = 109, Vom = OV, Vo = OV, Ta = —40°C to +85°C 

‘Input Bias Current (Vc = 0 V, Vo = 0 V) nA 
Ta = +25°C 1000 
Ta = —40°C to +85°C 1200 

Input Offset Current (Vcny = OV, Vo = 0 V) nA 
Ta = +25°C 15 180 
Ta = —40°C to +85°C _ 240 


Common Mode Input Voltage Range (AVi9 = 5.0 mV, Vo = 0 V) VICR | +135 | 214 [ — | vi | 


Large Signal Voltage Gain (Vo = +10 V, RL = 2.0 kQ) 
Ta = +25°C 


Ta = —40°C to +85°C 


Output Voltage Swing (Vip = +1.0 V) 
RL = 2.0 kN 
RL = 2.0 kD 
RL = 10 kQ 
RL = 10 kQ 


Power Supply Rejection (Note 3) 
Vcec/VEE = +15 V/-15 V to +5.0 V/-5.0 V 
Output Short Circuit Current (Vip = +1.0 V, Output to Ground) Isc 
Source +10 +26 
Sink —20 -33 
Power Supply Current (Vo = 0 V, All! Amplifiers) 
Ta = +25°C 
Ta = —40°C to +856°C 


Notes: 
1. Either or both input voltages should not exceed Vcc or Veg (See Applications information). 
2. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not exceeded (See power dissipation performance 
characteristic, Figure 1). 
3. Measured with Vcc and Veg simultaneously varied. 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15V, Ta = 25°C unless otherwise noted.) 
Characteristics 

Slew Rate (Vin = —10 V to +10 V, RL = 2.0 k, CL = 100 pF, Ay = +1.0) 

Gain Bandwidth Product (f = 100 kHz) 


AC Voltage Gain (Ri = 2.0k9, Vo = 0 V) 
f = 100 kHz 
f = 20 kHz 


Unity Gain Frequency (Open-Loop) 


Distortion (Ri = 2.0 kQ) 
Ay = +1.0,f = 20 Hz to 20 kHz 
Vo = 3.0 Vrms 


Ay = 2000, f = 20 kHz 
Vo = 2.0 Vp-p 
Vo = 10 Vp-p 

Ay = 4000, f = 100 kHz 
Vo = 2.0 Vp-p 
Vo = 10 Vp-p 


Differential Input Capacitance (Vcpy = 0 V) 


Equivalent Input Noise Voltage (Rg = 100 2) 
f = 10 Hz 
f = 1.0 kHz 


Equivalent Input Noise Current (f = 1.0 kHz) 
f = 10 Hz 
f = 1.0 kHz 


FIGURE 1 — MAXIMUM POWER DISSIPATION FIGURE 2 — INPUT BIAS CURRENT 
versus TEMPERATURE versus SUPPLY VOLTAGE 


lip, INPUT BIAS CURRENT (nA) 


0 
60-40-20 0 2 40 60 80 100 120 140 160 180 0 25 50 75 10 125 «415 «4175 ~ 20 
Ta, AMBIENT TEMPERATURE (°C) Vcc, \VEE|, SUPPLY VOLTAGE (VOLTS) 
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lip. INPUT BIAS CURRENT (nA) 


lig, INPUT BIAS CURRENT (nA) 


Vat, OUTPUT SATURATION VOLTAGE (VOLTS) 
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FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — INPUT OFFSET VOLTAGE 
versus TEMPERATURE versus TEMPERATURE 


Vio, INPUT OFFSET VOLTAGE (mV) 


Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — INPUT BIAS CURRENT FIGURE 6 — INPUT COMMON MODE VOLTAGE RANGE 
versus COMMON MODE VOLTAGE versus TEMPERATURE 


Voc = +3.0Vto +15V 
VEE = —3.0Vto —15V 
AVig = 5.0 mV 


10 5.0 0 +5.0 +10 +15 —55 —25 0 25 50 75 100 
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VicR. INPUT COMMON-MODE VOLTAGE RANGE (VOLTS) 


Vom, COMMON MODE VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 — OUTPUT SATURATION VOLTAGE FIGURE 8 — OUTPUT SHORT CIRCUIT CURRENT 
versus LOAD RESISTANCE TO GROUND versus TEMPERATURE 


Vcc = +15V 


|Iscl, OUTPUT SHORT CIRCUIT CURRENT (mA) 


(ee ats 
re oa Cy a CR GR (ees ee a oe 
0 0.5 1.0 15 2.0 2.5 3.0 
Ri, LOAD RESISTANCE TO GROUND (kQ) Ta, AMBIENT TEMPERATURE (°C) 
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—55 —25 0 25 50 75 100 125 


icc, SUPPLY CURRENT (mA) 


PSR, POWER SUPPLY REJECTION (dB) 


GBW, GAIN BANDWIDTH PRODUCT (MHz) 
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FIGURE 9 — SUPPLY CURRENT 
versus TEMPERATURE 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 11 — POWER SUPPLY REJECTION 
versus FREQUENCY 
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FIGURE 13 — GAIN BANDWIDTH PRODUCT 
versus TEMPERATURE 


Vec = +15V 
Veg = —15V 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — COMMON MODE REJECTION 
versus FREQUENCY 
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CMR, COMMON MODE REJECTION (dB} 
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FIGURE 12 — GAIN BANDWIDTH PRODUCT 
versus SUPPLY VOLTAGE 


GBW, GAIN BANDWIDTH PRODUCT (MHz) 


Vcc, \Veel, SUPPLY VOLTAGE (VOLTS) 


FIGURE 14 — MAXIMUM OUTPUT VOLTAGE 
versus SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE (Vp) 
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FIGURE 15 — OUTPUT VOLTAGE 
versus FREQUENCY 


Vo, OUTPUT VOLTAGE {Vp-p} 


f, FREQUENCY (Hz) 


FIGURE 17 — OPEN-LOOP VOLTAGE GAIN 
versus TEMPERATURE 


AvoL, OPEN-LOOP VOLTAGE GAIN (X1000 V/V) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 19 — CHANNEL SEPARATION 
versus FREQUENCY 
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FIGURE 16 — OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


RL = 20k 

f = 10 Hz 

AVo = 2/3 (Vcc — Vee} 
Ta = 25°C 


Avo, OPEN-LOOP VOLTAGE GAIN (X1000 V/V) 


Vee. \Veg|, SUPPLY VOLTAGE (VOLTS) 


FIGURE 18 — OUTPUT IMPEDANCE 
versus FREQUENCY 
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FIGURE 20 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 
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FIGURE 21 — TOTAL HARMONIC DISTORTION FIGURE 22 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY versus OUTPUT VOLTAGE 
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FIGURE 23 — SLEW RATE versus SUPPLY VOLTAGE FIGURE 24 — SLEW RATE versus TEMPERATURE 


SR, SLEW RATE (V/jzs) 
SR, SLEW RATE (V/s) 
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Vcc, \VeE|, SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 25 — VOLTAGE GAIN and PHASE FIGURE 26 — OPEN-LOOP GAIN MARGIN and PHASE 
versus FREQUENCY MARGIN versus OUTPUT LOAD CAPACITANCE 
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FIGURE 27 — PHASE MARGIN versus FIGURE 28 — OVERSHOOT versus 
OUTPUT VOLTAGE OUTPUT LOAD CAPACITANCE 
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FIGURE 33 — NON-INVERTING AMPLIFIER SLEW RATE FIGURE 34 — NON-INVERTING AMPLIFIER OVERSHOOT 
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FIGURE 35 — LOW FREQUENCY NOISE VOLTAGE 
versus TIME 
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SEE NOISE TEST CIRCUIT [i 
(FIGURE 36) 
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APPLICATIONS INFORMATION 

The MC33077 is designed primarily for its low noise, 
low offset voltage, high gain bandwidth product and 
large output swing characteristics. Its outstanding high 
frequency gain/phase performance make it a very 
attractive amplifier for high quality pre-amps, instru- 
mentation amps, active filters and other applications 
requiring precision quality characteristics. 

The MC33077 utilizes high frequency lateral PNP 
input transistors in a low noise bipolar differential 
stage driving a compensated Miller integration ampli- 
fier. Dual-doublet frequency compensation tech- 
niques are used to enhance the gain bandwidth prod- 
uct. The output stage uses an all NPN transistor design 
which provides greater output voltage swing and 
improved frequency performance over more conven- 
tional stages by using both PNP and NPN transistors 
(Class AB). This combination produces an amplifier 
with superior characteristics. 

Through precision component matching and inno- 
vative current mirror design, a lower than normal tem- 
perature coefficient of input offset voltage (2.0 n.V/°C as 
opposed to 10 »V/°C), as well as low input offset voltage, 
is accomplished. 

The minimum common mode input range is from 1.5 
volts below the positive rail (Vcc) to 1.5 volts above the 
negative rail (Veg). The inputs will typically common 
mode to within 1.0 volt of both negative and positive 
rails though degradation in offset voltage and gain will 
be experienced as the common mode voitage nears 
either supply rail. In practice, though not recommended, 
the input voltage may exceed Vcc by approximately 30 
volts and decrease below the V_g rail by approximately 
0.6 volts without causing permanent damage to the 
device. If the input voltage on either or both inputs is 
less than approximately 0.6 volts, excessive current 
may flow, if not limited, causing permanent damage to 
the device. 

The amplifier will not latch with input source currents 
up to 20 mA, though in practice, source currents should 
be limited to 5.0 mA so as to avoid any parametric 
damage to the device. If both inputs exceed Vcc, the 
output will be in the high state and phase reversal may 
occur. No phase reversal will occur if the voltage on one 
input is within the common mode range and the voltage 
on the other input exceeds Vcc. Phase reversal may 
occur if the input voltage on either or both inputs is less 
than 1.0 volt above the negative rail. Phase reversal will 
be experienced if the voltage on either or both inputs 
is less than Veg. 

Through the use of dual-doublet frequency compen- 
sation techniques, the gain bandwidth product has 
been greatly enhanced over other amplifiers using the 
conventional single pole compensation. The phase and 
gain error of the amplifier remains low to higher fre- 
quencies for fixed amplifier gain configurations. 


With the all NPN output stage, there is minimal swing 
loss to the supply rails, producing superior output 
swing, no crossover distortion and improved output 
phase symmetry with output voltage excursions. Out- 
put phase symmetry being the amplifiers ability to 
maintain a constant phase relation independent of its 
output voltage swing. Output phase symmetry degra- 
dation in the more conventional PNP and NPN transistor 
output stage was primarily due to the inherent cut-off 
frequency mismatch of the PNP and NPN transistors 
(typically 10 MHz and 300 MHz respectively) used caus- 
ing considerable phase change to occur as the output 
voltage changes. By eliminating the PNP in the output, 
such phase change has been avoided and a very sig- 
nificant improvement in output phase symmetry as well 
as output swing has been accomplished. 

The output swing improvement is most noticeable 
when operation is with lower supply voltages (typically 
30% with +5.0 V supplies). With a 10 k load, the output 
of the amplifier can typically swing to within 1.0 V of 
the positive rail (Vcc), and to within 0.3 V of the negative 
rail (VEE), producing a 28.7 Vp-p signal from +15 V 
supplies. Output voltage swing can be further improved 
by using an output pull-up resistor referenced to the 
Vcc. Where output signals are referenced to the posi- 
tive supply rail, the pull-up resistor will pull the output 
to Vcc during the positive swing and during the neg- 
ative swing, the NPN output transistor collector will pull 
the output very near Veg. This configuration will pro- 
duce the maximum attainable output signal from given 
supply voltages. The value of load resistance used 
should be much less than any feedback resistance so 
as to avoid excess loading and allow easy pull-up of the 
output. 

Output impedance of the amplifier is typically less 
than 50 ohms at frequencies less than the unity gain 
cross-over frequency (see Output Impedance versus 
Frequency curve). The amplifier is unity gain stable with 
output capacitance loads up to 500 pF at full output 
swing over the —55°C to + 125°C temperature range. 
Output phase symmetry is excellent with typically 4° 
total phase change over a 20 volt output excursion at 
25°C with a 2.0 kO. and 100 pF load. With a 2.0 kQ resis- 
tive load and no capacitance loading the total phase 
change is approximately one degree for the same 20 
volt output excursion. With a 2.0 kO and 500 pF load at 
125°C the total phase change is typically only 10° for a 
20 volt output excursion (see Phase Margin versus Out- 
put Voltage curve). 

As with all amplifiers, care should be exercised so as 
to insure that one does not create a pole at the input of 
the amplifier which is near the closed loop corner fre- 
quency. This becomes a greater concern when using 
high frequency amplifiers since it is very easy to create 
such a pole with relatively small values of resistance on 
the inputs. If this does occur, the amplifiers phase will 
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degrade severely causing the amplifier to become 
unstable. Effective source resistances, acting in con- 
junction with the input capacitance of the amplifier, 
should be kept to a minimum so as to avoid creating 
such a pole at the input (see Phase Margin and Gain 
Margin versus Differential Source Resistance curve). 
There is minimal effect on stability where the created 
input pole is much greater than the closed loop corner 
frequency. Where amplifier stability is affected as a 
result of a negative feedback resistor in conjunction with 
the amplifier’s input capacitance, creating a pole near 
the closed loop corner frequency, lead capacitor com- 
pensation techniques (lead capacitor in paraile! with the 
feedback resistor) can be employed to improve stability. 
The feedback resistor and lead capacitor RC time con- 
stant should be larger than that of the uncompensated 
input pole frequency. Having a high resistance con- 
nected to the non-inverting input of the amplifier can 
create a like instability problem. Compensation for this 
condition can be accomplished by adding a lead capac- 
itor in parallel with the non-inverting input resistor of 
such a value as to make the RC time constant larger 
than the RC time constant of the uncompensated input 
resistor acting in conjunction with the amplifiers input 
capacitance. 

For optimum frequency performance and stability 
careful component placement and printed circuit 
board layout should be exercised. For example, long 
unshielded input or output leads may result in 
unwanted input-output coupling. In order to reduce 
the input capacitance, the body of resistors connected 
to the input pins should be physically close to the 
input pins. This not only minimizes the input pole cre- 
ation for optimum frequency response, but also min- 


Voltage Gain 
= 50,000 


imizes extraneous signal “pickup” at this node. Power 
supplies should be decoupled with adequate capaci- 
tance as close as possible to the device supply pin. 

In addition to amplifier stability considerations, input 
source resistance values should be low so as to take 
full advantage of the low noise characteristics of the 
amplifier. Thermal noise (Johnson noise) of a resistor 
is generated by thermally-charged carriers randomly 
moving within the resistor creating a voltage. The rms 
thermal noise voltage in a resistor can be calculated 
from: 


Enr = V4kTR x BW 
where: 

k = Boltzmann's constant (1.38 x 10-23 joules/K) 

T = Kelvin temperature 

R = Resistance in ohms 

BW = Upper and lower frequency limit in hertz. 

By way of reference, a 1.0 k{Q resistor, at 25°C, will 
produce 4.0 nV/\/Hz of rms noise voltage. If this resis- 
tor is connected to the input of the amplifier, the noise 
voltage will be gained up in accordance to the ampli- 
fiers gain configuration. For this reason the selection 
of input source resistance for low noise circuit appli- 
cations warrants serious consideration. The total 
noise of the amplifier, as referred to its inputs, is typ- 
ically only 4.4 nV/\VHz at 1.0 kHz. 

The output of any one amplifier is current limited and 
thus protected from a direct short to ground. However, 
under such conditions, it is important to not allow the 
amplifier to exceed the maximum junction temperature 
rating. Typically for +15 volt supplies, any one output 
can be shorted continuously to ground without exceed- 
ing the temperature rating. 


1/2 MC33077 


4.3kQ 22 uF 


Scope 
x1 
Rin = 1.0 MQ 


FIGURE 36 — VOLTAGE NOISE TEST CIRCUIT 
(0.1 Hz-to-10 Hzp.p) 


Note: All capacitors are non-polarized. 
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LOW NOISE 
OPERATIONAL AMPLIFIER 


The MC33078/9 series is a family of high quality monolithic 
amplifiers employing Bipolar technology with innovative high- 
performance concepts for quality audio and data signal process- 
ing applications. This family incorporates the use of high fre- 
quency PNP input transistors to produce amplifiers exhibiting low 
input voltage noise with high gain bandwidth product and slew 
rate. The all NPN output stage exhibits no deadband crossover 
distortion, large output voltage swing, excellent phase and gain 
margins, low open-loop high frequency output impedance and 
symmetrical source and sink ac frequency performance. 

The MC33078/9 family offers both dual and quad amplifier ver- 
sions, tested over the vehicular temperature range and available 
in the plastic DIP and SOIC packages (P and D suffixes). 


Dual Supply Operation: +18 V (Max} 

Low Voltage Noise: 4.5 nV/\/Hz 

Low Input Offset Voltage: 0.15 mV 

Low T.C. of Input Offset Voltage: 2.0 nV/°C 
Low Total Harmonic Distortion: 0.002% 

High Gain Bandwidth Product: 16 MHz 

High Slew Rate: 7.0 V/us 

High Open-Loop ac Gain: 800 @ 20 kHz 
Excellent Frequency Stability 

Large Output Voltage Swing: + 14.1 V/— 14.6 V 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER} 


J4 


Amplifier 
Biasing 


DUAL/QUAD 
LOW NOISE 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


MC33078 


1 D SUFFIX 
P SUFFIX PLASTIC PACKAGE 
PLASTIC PACKAGE CASE 751 
CASE 626 (SO-8) 


fs} VCC 
Output 2 


| Inputs 2 


(Dual, Top View) 


MC33079 


D SUFFIX 
P SUFFIX PLASTIC PACKAGE 
PLASTIC PACKAGE CASE 751A 
CASE 646 (SO-14) 


(Quad, Top View) 


ORDERING INFORMATION 


Op 
Amp 
Function Device Range Package 


MC33078D } — 40°C to |SO-8 
MC33078P +85°C | Plastic DIP 
MC33079D | — 40°C to |SO-14 
MC33079P +85°C | Plastic DIP 
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MAXIMUM RATINGS 


Supply Voitage (Vcc to Veg) Vs +36 Volts 
Input Differential Voltage Range ViDR (Note 1) Volts 


Input Voltage Range (Note 1) Volts 
Output Short-Circuit Duration (Note 2) ts indefinite {Seconds 
Ty 


+150 
Tstg | —60to +150 


| Pp | (Note 2) 
Notes: 


1, Either or both input voltages must not exceed the magnitude of Vcc or VEE. 

2. Power dissipation must be considered to ensure maximum junction temperature (TJ) is not 
exceeded (See power dissipation performance characteristic, Figure 1). 

3. Measured with Vcc and V_g differentially varied simultaneously. 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = -15V, Ta = 25°C unless otherwise noted) 


Maximum Junction Temperature 


Storage Temperature 


Maximum Power Dissipation 


Characteristics | Symboi Min Typ__| Max Unit 
Input Offset Voltage (Rg = 109, Vc = OV, Vo = 0 V) Viol mV 
MC33078 Ta = +25°C _ 0.15 2.0 
Ta = —40°C to +85°C — — 3.0 
MC33079 Ta = +25°C _— 0.15 2.5 
Ta = —40°C to +85°C + — _— 3.5 
— tees —. 4 - 
Average Temperature Coefficient of Input Offset Voltage AVQ/AT — 2.0 —_ RVC 
Rs = 109, Vem = OV, Vo = OV, Ta = Tiow to Thigh L | | | | 
input Bias Current (Vcty = 0 V, Vo = 0 V) IB nA 
Ta = +25°C — 300 750 
Ta = —40°C to +85°C I eoeas — 800 
1 3 i 
Input Offset Current (Vc = 0 V, Vo = 0 V) lo nA 
Ta = +25°C — 25 150 
Ta = —40°C to +85°C 1 — eh 175 | 
Common Mode Input Voitage Range (AVig = 5.0 mV, Vo = 0 V) | __VICR Oe ie 13 a4 calee ees 
Large Signal Voltage Gain (Vo = +10 V, RE = 2.0 kO)} AVOL dB 
Ta = +25°C 90 110 a 
Ta = —40°C to +85°C 85 = _ 
T = : ar 1 + 
Output Voltage Swing (Vip = +1.0 V) Vv 
RL = 6000 Vo+ — 10.7 _ 
Rx = 600 0 Vo- — -11.9 — 
Ru = 2.0 ko Vo+ 13.2 13.8 — 
RE = 2.0 kQ Vo- See IG cl aD 
RE = 10 kX Vo+ 13.5 14.1 — 
Re = 10k Vo- _ —~ 14.6 —14 
— + nl 
i Common Mode Rejection (Vin, = +13 V) | CMR 80 100 eee dB 
Power Supply Rejection (Note 3) PSR 80 a 105 = dB 
Vec/VEE = +15 V/-15 V to +5.0 V/—-5.0 V 7 
Output Short Circuit Current (Vip = 1.0 V, Output to Ground) Isc mA 
Source +15 +29 — 
Sink | | 20 | 37 | a 
Power Supply Current (Vo = 0 V, All Amplifiers) Ip mA 
MC33078 Ta = +25°C — 4.1 5.0 
Ta = —40° to +85°C = = 5.5 
MC33079 Ta = +25°C — 8.4 10 
Ta = —40°C to +85°C — _ 11 


a 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = 25°C unless otherwise noted) 


Characteristics Symbol Min | typ | Max | unit | 
Slew Rate (Vin = ~10Vto +10 VAL = 20K, C= 100pF Ay = +1.0) | SR 50 | 70 | — | wus | 
Gain BAndwidth Product (f = 100 kHz) | Gew 10 | 16 | — | mb | 
Unity Gain Frequency (Open-Loop) fu oe | 80 pe | MHz 
| Gain Margin (RL, = 2.0 k) G=0er - |) «Am = epee 
CL = 100 pF a 
Phase Margin (RL = 2.0 kQ) CL = 0 pF be = ae Deg 
CL = 100 pF — 
Channel Separation (f = 20 Hz to 20 kHz) cs | — | -1200} — | op | 
Power Bandwidth (Vo = 27 Vp-p, RL = 2.0 kQ, THD < 1.0%) BWp = 120 | — | kHz | 
Distortion (RL = 2.0 k@), f = 20 Hz to 20 kHz, Vo = 3.0 Vrms, Av = +1.0) THD — | oo2 {| — [ % 


Open-Loop Output Impedance (Vo = 0 V, f = 9.0 MHz) iZol — 37 co) 
Differential Input Resistance (Vcjy = 0 V) RIN _ 175 kQ 
Differential Input Capacitance (Vcjy = 0 V) CIN —_ 12 pF 
Equivalent Input Noise Voltage (Rg = 100 9, f = 1.0 kHz) en _— 45 nv/V/Hz 
Equivalent Input Noise Current (f = 1.0 kHz) in = 0.5 pA/VHz 
TYPICAL CHARACTERISTICS 
FIGURE 1 — MAXIMUM POWER DISSIPATION 
versus TEMPERATURE FIGURE 2 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE 


Pp, MAXIMUM POWER DISSIPATION (mW) 
lg. INPUT BIAS CURRENT (nA) 
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Ta, AMBIENT TEMPERATURE (°C} Vcc, |Vegi, SUPPLY VOLTAGE (VOLTS) 
FIGURE 3 — INPUT BIAS CURRENT versus TEMPERATURE FIGURE 4 — INPUT OFFSET VOLTAGE versus TEMPERATURE 
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TYPICAL CHARACTERISTICS — continued 


FIGURES! INUT GAS OUBAENG vcane FIGURE 6 — INPUT COMMON-MODE VOLTAGE RANGE 
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FIGURE 10 — COMMON MODE REJECTION 


FIGURE 9 — SUPPLY CURRENT versus TEMPERATURE versus FREQUENCY 
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FIGURE 11 — POWER SUPPLY REJECTION FIGURE 12 — GAIN BANDWIDTH PRODUCT versus 
versus FREQUENCY SUPPLY VOLTAGE 
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FIGURE 13 — GAIN BANDWIDTH PRODUCT FIGURE 14 — MAXIMUM OUTPUT VOLTAGE 
versus TEMPERATURE versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS — continued 


FIGURE 17 — OPEN-LOOP VOLTAGE GAIN 
versus TEMPERATURE FIGURE 18 — OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 20 — TOTAL HARMONIC DISTORTION 
FIGURE 19 — CHANNEL SEPARATION versus FREQUENCY versus FREQUENCY 
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FIGURE 21 — TOTAL HARMONIC DISTORTION 
versus OUTPUT VOLTAGE FIGURE 22 — SLEW RATE versus SUPPLY VOLTAGE 
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FIGURE 23 — SLEW RATE versus TEMPERATURE 
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FIGURE 25 — OPEN-LOOP GAIN MARGIN AND 
PHASE MARGIN versus LOAD CAPACITANCE 
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FIGURE 27 — INPUT REFERRED NOISE VOLTAGE AND 
CURRENT versus FREQUENCY 
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f, FREQUENCY (Hz) 
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FIGURE 24 — VOLTAGE GAIN AND PHASE 
versus FREQUENCY 
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FIGURE 26 — OVERSHOOT versus OUTPUT LOAD 
CAPACITANCE 
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FIGURE 28 — TOTAL INPUT REFERRED NOISE VOLTAGE 
versus SOURCE RESISTANCE 


1.0 
10 100 1.0K 10K 100K 1.0M 
Rs, SOURCE RESISTANCE (2?) 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-267 


&, EXCESS PHASE (DEGREES) 


MC33078, MC33079 


TYPICAL CHARACTERISTICS — continued 


FIGURE 29 — PHASE MARGIN AND GAIN MARGIN versus 
DIFFERENTIAL SOURCE RESISTANCE 
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FIGURE 30 — INVERTING AMPLIFIER SLEW RATE 


Vo, OUTPUT VOLTAGE (5.0 V/DIV.) 
Qo 
Vg, OUTPUT VOLTAGE (5.0 ViDIV.) 


1, TIME (2.0 ps/DIV.) t, TIME (2.0 ys DIV.) 


FIGURE 33 — LOW FREQUENCY NOISE VOLTAGE 


FIGURE 32 — NON-INVERTING AMPLIFIER OVERSHOOT 
versus TIME 
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FIGURE 34 — VOLTAGE NOISE TEST CIRCUIT 
(0.1 Hz-TO-10 Hzp.p) 
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TECHNICAL DATA 


LOW POWER, SINGLE SUPPLY 
OPERATIONAL AMPLIFIERS 


Quality bipolar fabrication with innovative design concepts are 
employed for the MC33171/2/4, MC35171/2/4 series of monolithic 
operational amplifiers. This series of operational amplifiers oper- 
ates at 180 wA per amplifier and offers 1.8 MHz of gain bandwidth 
product and 2.1 V/us slew rate without the use of JFET device 
technology. Although this series can be operated from split sup- 
plies, it is particularly suited for single supply operation, since the 
common mode input voltage range includes ground potential 
(Veg). With a Darlington input stage, this series exhibits high input 
resistance, low input offset voltage and high gain. The all NPN 
output stage, characterized by no deadband crossover distortion 
and large output voltage swing, provides high capacitance drive 
capability, excellent phase and gain margins, low open-loop high 
frequency output impedance and symmetrical source/sink AC fre- 
quency response. 

The MC33171/2/4, MC35171/2/4 series of devices are specified 
over the industrial/vehicular or military temperature ranges. The 
complete series of single, dual and quad operational amplifiers 
are available in the plastic and ceramic DIP as well as the SOIC 
surface mount packages. 


@ Low Supply Current: 180 «A (Per Amplifier) 


®@ Wide Supply Operating Range: +3.0 V to +44 Vor +1.5V 
to +22 V 


Wide Input Common Mode Range Including Ground (Veg) 
Wide Bandwidth: 1.8 MHz 

High Slew Rate: 2.1 V/us 

Low Input Offset Voltage: 2.0 mV 


@ Large Output Voltage Swing: —14.2 Vto +14.2 V 
(with +/—15 V Supplies) 


Large Capacitance Drive Capability: 0 to 500 pF 
Low Total Harmonic Distortion: 0.03% 
Excellent Phase Margin: 60° 

Excellent Gain Margin: 15 dB 

Output Short Circuit Protection 


ORDERING INFORMATION 


Op Amp Temperature 


Single MC33171D —40 to + 85°C SO0-8 
MC35171U —55 to + 125°C Ceramic DIP 
MC33171P —40 to + 85°C Plastic DIP 
MC33172D -—40 to +85°C $O-8 
MC35172U —55 to + 125°C Ceramic DiP 
MC33172P —40 to +85°C Plastic DIP 

Quad MC33174D -—40 to +85°C $O-14 
MC35174L —55 to + 125°C Ceramic DIP 
MC33174P -—40 to +85°C Plastic DIP 


MC33171, MC35171 
MC33172, MC35172 


MC33174, MC35174 


LOW POWER, SINGLE SUPPLY 
OPERATIONAL AMPLIFIERS 


1 1 
P SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 


CASE 626 CASE 693 


‘& 


1 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


PIN ASSIGNMENTS 


5] NC 
Vec 


Invt Input ae 
Noninvt Input G] 1s] Output 
Veg [2] [5] Offset Null 


Single, Top View 


Offset Null (1) 


Dual, Top View 
14 § ‘ | : : 
1 1 
P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 646 CASE 632 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


14 ys 


1 
PIN ASSIGNMENTS 


Quad, Top View 
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MAXIMUM RATINGS 


Supply Voltage 


Input Differential Voltage Range 
Input Voltage Range 
Output Short Circuit Duration (Note 2) 


Operating Ambient Temperature Range 
MC35171/MC35172/MC35174 
MC33171/MC33172/MC33174 


—55 to +125 
—40 to +85 


Operating Junction Temperature 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


—65 to + 150 
—55to +125 


Notes: 1. Either or both input voltages must not exceed the magnitude of Vcc or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (TJ) is not exceeded. 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


Inputs 
+O 
Q19 


Current 
Limit 


Vee/Gnd 


O 
Offset Null 
(MC33171, MC35171) 


et ES 
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DC ELECTRICAL CHARACTERISTICS (Vcc = +15, Veg = —15V, RL connected to ground, Ta = Tiow to Thigh [Note 3] 
unless otherwise noted.) 


Characteristic Symbol Min Typ | Max | Unit 
Input Offset Voltage (VcM = 0 V) Vio mV 
Voc = +15 V, Veg = —15V,Ta = +25°C _ 2.0 4.5 
Vcc = +5V, Veg = OV, Ta = +25°C — 2.5 5.0 
Voc = +16V, Veg = —15V, Ta = Tow to Thigh = _ 6.5 
Average Temperature Coefficient of Offset Voltage AViQ/AT — 10 _ pVihC 
Input Bias Current (Vcjy = 0 V) iB nA 
Ta = +25°C _ 20 100 
TA = Tlow to Thigh = = 200 
Input Offset Current (Vc = 0 V) ho nA 
Ta = +25°C 5.0 20 
Ta = Tow to Thigh = 
Large Signal Voltage Gain (Vo = +10V, Ru = 


Ta = +25°C 
TA = Tlow t? Thigh 
Output Voltage Swing 


+ 25°C 3.5 4.3 _ 


Vcc = +5.0V, Veg = OV, RL = 10k, Ta = 
Vcc = +15V, Veg = -15V RL = 10k, Ta = +25°C 13.6 14.2 a 
Voc = +15 V, Veg = -15V, Rt = 10k, Ta = Tlow to Thigh 13.3 _— — 
Vcc = +5.0V, Veg = OV, RL = 10k, Ta = +25°C VOL =. @08 ! 0.15 
Vec = +15V, Veg = —15V, RL = 10k, Ta = +25°C ie -14.2 | -13.6 
Vec = +15 V, Veg = —15V, RL = 10k, TA = Tiow to Thigh _— _ — 13.3 
Output Short Circuit Current (Ta = +25°C) Isc mA 
Input Overdrive = 1.0 V, Output to Ground 
Source 3.0 5.0 _— 
Sink 15 27 ~ 
Input Common Mode Voltage Range VICR Vv 
Ta = +25°C VEE to (Vcc — 1.8) 
TA = Tlow t@ Thigh Veg to (Vcc — 2.2 
Common Mode Rejection Ratio (Rg = 10 k) CMRR 80 | 90 | — dB 
Power Supply Rejection Ratio (Rg = 100 0) | 100 | — dB 
Power Supply Current (Per Amplifier) Ip pA 
Vcc = +5.0V, Veg = OV, Ta = +25°C 180 250 
Vcc = +15V, Veg = —15V, Ta = +25°C 220 250 
Voc = +15V, Veg = -15V, TA = Tlow to Thigh _— 300 


Notes: (continued) 
3. Tlow = —55°C for MC35171/MC35172/MC35174 Thigh 
= ~40°C for MC33171/MC33172/MC33174 


+ 125°C for MC35171/MC35172/MC35174 
+ 85°C for MC33171/MC33172/MC33174 


t 
lt 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, Ri connected to ground, Ta = +25°C unless otherwise 


noted.) 


Characteristic 


Slew Rate (Vin = —10 Vto +10 V, RL = 10k, Cy = 100 pF) 
Ay +1 
Ay - 1 

Gain Bandwidth Product (f = 100 kHz) 


Power Bandwidth 
Ay = +1.0, RL = 10k, Vo = 20 Vp-p, THD = 5% 


pe 


Phase Margin 


RL = 10k 

RL = 10k, CL = 100 pF 
Gain Margin 

RL = 10k 

Rit = 10k, C_ = 100 pF 


Equivalent Input Noise Voltage 
Rs = 100 0, f = 1.0 kHz 


Equivalent input Noise Current (f = 1.0 kHz) 


Differential Input Resistance 
Vom =0V 


Input Capacitance 


Total Harmonic Distortion 
Ay = +10, RL = 10k, 2.0 Vp-p <= Vo < 20 Vp-p, f = 10 kHz 
Channel Separation (f = 10 kHz) 


Open-Loop Output Impedance (f = 1.0 MHz) 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT COMMON-MODE VOLTAGE RANGE 
versus TEMPERATURE 


VccVeE = +/-15Vto +/-22V 
AVig = 5.0 mV 


Vicr, INPUT COMMON-MODE VOLTAGE RANGE (V) 


—55 + 125 


~ 2 0 
Ta, AMBIENT TEMPERATURE (°C) 


+2 +50 +75 + 100 


VgaT, OUTPUT SATURATION VOLTAGE (V) 


FIGURE 2 — SPLIT SUPPLY OUTPUT SATURATION 
versus LOAD CURRENT 


|_, LOAD CURRENT ( + mA} 
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FIGURE 3 — OPEN-LOOP VOLTAGE GAIN AND FIGURE 4 — PHASE MARGIN AND PERCENT OVERSHOOT 
PHASE versus FREQUENCY versus LOAD CAPACITANCE 
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APPLICATIONS INFORMATION 
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES 


Although the bandwidth, slew rate, and settling time 
of the MC33171/72/74 amplifier family is similar to low 
power op amp products utilizing JFET input devices, 
these amplifiers offer additional advantages as a result 
of the PNP transistor differential inputs and an all NPN 
transistor output stage. 

Because the input common mode voltage range of this 
input stage includes the Veg potential, single supply op- 
eration is feasible to as low as 3.0 volts with the common 
mode input voltage at ground potential. 

The input stage also allows differential input voltages 
up to +44 volts, provided the maximum input voltage 
range is not exceeded. Specifically, the input voltages 
must range between Vcc and Veg supply voltages as 
shown by the maximum rating table. In practice, although 
not recommendeg, the input voltages can exceed the Vcc 
voltage by approximately 3.0 volts and decrease below 
the Vege voltage by 0.3 volts without causing product 
damage, although output phase reversal may occur. It is 
also possible to source up to 5.0 mA of current from VEE 
through either input’s clamping diode without damage 
or latching, but phase reversal may again occur. If at least 
one input is within the common mode input voltage 
range and the other input is within the maximum input 
voltage range, no phase reversal will occur. If both inputs 
exceed the upper common mode input voltage limit, the 
output will be forced to its lowest voltage state. 

Since the input capacitance associated with the small 
geometry input device is substantially lower (0.8 pF) than 
that of a typical JFET (3.0 pF), the frequency response for 
a given input source resistance is greatly enhanced. This 
becomes evident in D-to-A current to voltage conversion 
applications where the feedback resistance can form a 
pole with the input capacitance of the op amp. This input 
pole creates a 2nd order system with the single pole op 
amp and is therefore detrimental to its settling time. In 
this context, lower input capacitance is desirable espe- 
cially for higher values of feedback resistances (lower 
current DAC’s). This input pole can be compensated for 
by creating a feedback zero with a capacitance across the 
feedback resistance, if necessary, to reduce overshoot. 
For 10 kf. of feedback resistance, the MC33171/72/74 fam- 
ily can typically settle to within 1/2 LSB of 8 bits in 4.2 
ps, and within 1/2 LSB of 12 bits in 4.8 us for a 10 volt 
step. In a standard inverting unity gain fast settling con- 
figuration, the symmetrical slew rate is typically + 2.1 
volts/us. In the classic noninverting unity gain configu- 
ration the typical output positive slew rate is also 2.1 
volts/us, and the corresponding negative slew rate will 
usually exceed the positive slew rate as a function of the 
fall time of the input waveform. 

The all NPN output stage, shown in its basic form on 
the equivalent circuit schematic, offers unique advan- 
tages over the more conventional NPN/PNP transistor 
Class AB output stage. A 10 kQ. load resistance can typ- 
ically swing within 0.8 volt of the positive rail (Vcc) and 
negative rail (VEE), providing a 28.4 Vp-p swing from +15 
volt supplies. This large output swing becomes most no- 
ticeable at lower supply voltages. 

The positive swing is limited by the saturation voltage 
of the current source transistor Q7, the Vgg of the NPN 
pull up transistor Q17, and the voltage drop associated 
with the short circuit resistance, Rs. For sink currents less 
than 0.4 mA, the negative swing is limited by the satu- 
ration voltage of the pull-down transistor Q15, and the 
voltage drop across Rq and Rs. For small valued sink 
currents, the above voltage drops are negligible, allowing 
the negative swing voltage to approach within millivolts 


of Veg. For sink currents (> 0.4 mA), diode D3 clamps 
the voltage across Rq. Thus the negative swing is limited 
by the saturation voltage of Q15, plus the forward diode 
drop of D3 (~VegE +1.0 V). Therefore an unprecedented 
peak-to-peak output voltage swing is possible for a given 
supply voltage as indicated by the output swing 
specifications. 

If the load resistance is referenced to Vcc instead of 
ground for single supply applications, the maximum pos- 
sible output swing can be achieved for a given supply 
voltage. For light load currents, the load resistance will 
pull the output to Vcc during the positive swing and the 
output will pull the load resistance near ground during 
the negative swing. The load resistance value should be 
much less than that of the feedback resistance to maxi- 
mize pull up capability. 

Because the PNP output emitter follower transistor has 
been eliminated, the MC33171/72/74 family offers a 15 
mA minimum current sink capability, typically to an out- 
put voltge of (Veg + 1.8 V). In single supply applications 
the output can directly source or sink base current from 
a common emitter NPN transistor for high current switch- 
ing applications. 

In addition, the all NPN transistor output stage is inher- 
ently faster than PNP types, contributing to the bipolar 
amplifier’s improved gain bandwidth products. The asso- 
ciated high frequency low output impedance (200 © typ 
@ 1.0 MHz) allows capacitive drive capability from 0 to 
400 pF without oscillation in the noninverting unity gain 
configuration. The 60° phase margin and 15 dB gain mar- 
gin as well as the general gain and phase characteristics 
are virtually independent of the source/sink output swing 
conditions. This allows easier system phase compensa- 
tion, since output swing will not be a phase consideration. 
The ac characteristics of the MC33171/72/74 family also 
allow excellent active filter capability, especially for low 
voltage single supply applications. 

Aithough the single supply specification is defined at 
5.0 volts, these amplifiers are functional to at least 3.0 
volts @ 25°C. However slight changes in parametrics such 
as bandwidth, slew rate, and de gain may occur. 

If power to this integrated circuit is apptied in reverse 
polarity or if the IC is installed backwards in a socket, 
Jarge unlimited current surges will occur through the de- 
vice that may result in device destruction. 

As usual with most high frequency amplifiers, proper 
lead dress, component placement and PC board layout 
should be exercised for optimum frequency perfor- 
mance. For example, long unshielded input or output 
leads may result in unwanted input output coupling. In 
order to preserve the relatively low input capacitance 
associated with these amplifiers, resistors connected to 
the inputs should be immediately adjacent to the input 
pin to minimize additional stray input capacitance. This 
not only minimizes the input pole for optimum frequency 
response, but also minimizes extraneous “pick up” at this 
node. Supply decoupling with adequate capacitance 
immediately adjacent to the supply pin is also important, 
particularly over temperature, since many types of 
decoupling capacitors exhibit great impedance changes 
over temperature. 

The output of any one amplifier is current limited and 
thus protected from a direct short to ground. However, 
under such conditions, it is important not to allow the 
device to exceed the maximum junction temperature rat- 
ing. Typically for + 15 volt supplies, any one output can 
be shorted continuously to ground without exceeding the 
maximum temperature rating. 
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MC33171, MC33172, MC33174, MC35171, MC35172, MC35174 


FIGURE 9 — AC COUPLED NONINVERTING AMPLIFIER 
WITH SINGLE +5.0 V SUPPLY 


2.2 k 


100 k 


Ay = 101 
BW (~3.0 dB) = 20 kHz 


FIGURE 11 — DC COUPLED INVERTING AMPLIFIER 
MAXIMUM OUTPUT SWING WITH SINGLE 
+5.0 V SUPPLY 


BW (-3.0 dB) = 200 kHz | 


FIGURE 13 — ACTIVE HIGH-Q NOTCH FILTER 


Vin 2 0.2 Vde 


R 


16k Vo 


FIGURE 10 — AC COUPLED INVERTING AMPLIFIER 
WITH SINGLE +5.0 V SUPPLY 


Vcc 
© 


Ay = 10 
BW (—3.0 dB) = 200 kHz 


FIGURE 12 — OFFSET NULLING CIRCUIT 


Vec 
C) 


6 VEE 


Offset Nulling range is approximately +80 mV 
with a 10 k potentiometer, MC33171/MC35171 only. 


FIGURE 14 — ACTIVE BANDPASS FILTER 


Ve 
"In 


Vo 


Vec 


fo = 30 kHz 

Q = 10 

Ho = 1.0 

RI = R2 = R1R3 
Given fo = Center Frequency 2Ho 402 R1—R3 
Ag = Gain at Center Frequency 
Choose Value fg, Q, Ag, C no-=—o LE, 0.1 
oor ey aft GBW 


Then 
For less than 10% error from operational amplifier 
Where fo and GBW are expressed in Hz. 
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MOTOROLA 
= SEMICONDUCTOR soy 
TECHNICAL DATA 


HIGH OUTPUT CURRENT 
LOW POWER, LOW NOISE 
BIPOLAR OPERATIONAL AMPLIFIERS 


MC33178 


MC33179 


HIGH OUTPUT CURRENT 
LOW POWER, LOW NOISE 


The MC33178/9 series is a family of high quality monolithic OPERATIONAL AMPLIFIERS 


amplifiers employing Bipolar technology with innovative high 
performance concepts for quality audio and data signal process- 
ing applications. This device family incorporates the use of high 
frequency PNP input transistors to produce amplifiers exhibiting 
low input offset voltage, noise and distortion. In addition, the 
amplifier provides high output current drive capability while con- 
suming only 420 yA of drain current per amplifier. The NPN output 
stage used, exhibits no deadband crossover distortion, large out- 
put voltage swing, excellent phase and gain margins, low open- 
loop high frequency output impedance, symmetrical source and 
sink ac frequency performance. 

The MC33178/9 family offers both dual and quad amplifier ver- 
sions, tested over the vehicular temperature range. These devices 
are available in DIP and SOIC packages. 


@ 600 © Output Drive Capability 

Large Output Voltage Swing 

Low Offset Voltage: 0.15 mV (Mean) 

Low T.C. of Input Offset Voltage: 2.0 nV/°C 


Low Total Harmonic Distortion: 0.0024% 
(@ 1.0 kHz w/600 2 Load) 


High Gain Bandwidth: 5.0 MHz 
e@ High Slew Rate: 2.0 V/us 
e@ Dual Supply Operation: +2.0 V to +18 V 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


ORDERING INFORMATION 


Fully 
Compensated 


Op Amp 

Function 
MC33178D 
MC33178P 
MC33179D 
MC33179P 


Temperature 
Range 


Package 


$o-8 
Plastic DIP 

$0-14 
Plastic DIP 
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P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


PIN ASSIGNMENTS 


(Dual, Top View) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


PIN ASSIGNMENTS 


(Quad, Top View) 


MC33178, MC33179 


MAXIMUM RATINGS 
— 


[ Rating 


| Supply Voltage (Vcc to VEE) 


Volts 


i Input Differential Voltage Range 


(Note 1) 


Volts 


Input Voltage Range 


(Note 1) 


volts _| 


Output Short Circuit Duration (Note 2) 


L 
Maximum Junction Temperature 


Indefinite 


Seconds 


+150 
—~ 


°C 


— 


| Storage Temperature Range 


Maximum Power Dissipation 


—60 to + 150 
———t 
(Note 2) 


Characteristics 


Input Offset Voltage (Rg = 502, Vem = 0V, Vo = 0 V) 

(Vcc = 
Ta = +25°C 

Ta = ~40°C to +85°C 


ll 


Figure 
2 


+2.5V, Veg = ~25VtoVecc = +15V, VEE = —15V) 


Symbol 
Viol 


Min 


ae 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = ~15V, Ta = 25°C unless otherwise noted.) 


Typ 


Max 


Unit 
mV 


Average Temperature Coefficient of Input Offset Voltage 
(Rg = 509, Vow = 0V, Vo = 0V) 
Ta = —40°C to +85°C 


AVIO/AT 


input Bias Current (Vc = 0V, Vo = 0 V) 
Ta = +25°C 
Ta = ~40°C to +85°C 


3,4 


Input Offset Current (Vc = OV, Vo = 0 V) 
Ta = +25°C 
Ta = -40°C to +85°C 


Common Mode Input Voltage Range 
| (AViO = 5.0 mV, Vo = 0V) 


= +25°C 
~40°C to + 85°C 


TA 
TA = 


Large Signal Voitage Gain (Vo = -10 V to +10 V, RL = 600 22) 


VV 


| Output Voltage Swing (Vip = +1.0 V) 
(Vcc = +15V, Veg = —15V) 
= 300 

300 2 

600 0 

600 0 

= 2.0 kQ 

2.0 kD 

+2.5 V, Veg = -2.5 V) 
600 

= 6000 


Common Mode Rejection (Vij, = +13 V) 


11 


12 


Power Supply Rejection 


Vec’/VegE = +15 V/—-15V, +5.0 V/-15 V, +15 V/-5.0V 


Output Short Circuit Current (Vip = +1.0 V, Output to Ground) 
Source (Vcc = 2.5 V to 15 V) 
Sink (VEE = —2.5 V to —15 V) 


Power Supply Current (Vo = 0 V) 
(Vcc = 2.5V, Veg = ~2.5VtoVcc = +15V, Veg = —15 V) 
MC33178 (Dual) 
Ta = +25°C 
Ta = —40°C to + 85°C 
MC33179 (Quad) 
Ta = +25°C 
Ta = ~—40°C to +85°C 
NOTES: 
1. Either or both input voltages should not exceed Vcc or VEE. 


Woot 


1.7 


1.4 
1.6 


2.4 
2.8 


mA 


2. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded. (See power dissipation performance 


characteristic, Figure 1.) 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, Ta = 25°C unless otherwise noted.) 


Characteristics 


Figure 
16, 31 


Slew Rate 
(Vin = —10V to +10 V, RL = 2.0 kQ, CL = 100 pF, Ay = +1.0V) 


Gain Bandwidth Product (f = 100 kHz) | 7 


AC Voltage Gain (R_ = 600 2, Vo = OV, f = 20 kHz) |__18, 19 A 
Unity Gain Frequency (Open-Loop) (R, = 600 9, Cy = 0 pF} 

ee as 
Gain Margin (RL = 600 9, CL = 0 pF) 20, 22, 23 | Am 


Phase Margin (RL = 600 2, CL = 0 pF) 21, 22, 23 


Channel Separation (f = 100 Hz to 20 kHz) 24 
Power Bandwidth (Vo = 20 Vp-p» R_ = 600 2, THD <= 1.0%) 


Distortion (RL = 600 2, Vo = 2.0 Vp.p, Ay = +1.0 V) 
(f = 1.0 kHz) 
(f = 10 kHz) 


| __(f = 20 kHz) ee 
t—. 


Open Loop Output Impedance 
(Vo = OV, f = 3.0 MHz, Ay = 10 V) 


Differential Input Resistance (Vcjy = 0 V) 


Differential Input Capacitance (Vcjy = 0 V) a 
Equivalent Input Noise Voltage (Rg = 100 12) 


f = 10 Hz 
| f = 1.0 kHz 


vane 
Equivalent Input Noise Current 
f = 10 Hz 
f = 1.0 kHz ie 
FIGURE 1 — MAXIMUM POWER DISSIPATION FIGURE 2 — INPUT OFFSET VOLTAGE versus 
versus TEMPERATURE TEMPERATURE FOR 3 TYPICAL UNITS 
2400 


1200 


Vio. INPUT OFFSET VOLTAGE (mV) 


PE(MAX), MAXIMUM POWER DISSIPATION (mW) 


ES 
ee Se a ec See = cae ee ae ae 
~ 60-40 -20 0 +20 +40 +60 +80 +100 +120 +140 + 160 + 180 Ta, AMBIENT TEMPERATURE (°C) 


Ty, AMBIENT TEMPERATURE (°C) 
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Vicr. INPUT COMMON MODE VOLTAGE RANGE (VOLTS) 


MC33178, MC33179 


FIGURE 3 — INPUT BIAS CURRENT 
versus COMMON MODE VOLTAGE 


lyp, INPUT BIAS CURRENT (nA) 


& 8 8 


Vem. COMMON MODE VOLTAGE (VOLTS) 


FIGURE 5 — INPUT COMMON MODE VOLTAGE 
RANGE versus TEMPERATURE 


.OVto +18V 


.0Vto —18V 


Veg + 1.0V 
Veg +05 V 


VEE 


— 55 —25 +100 = +125 


0 +25 +50 +75 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 — VOLTAGE GAIN AND PHASE 
versus FREQUENCY 
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Avot, OPEN LOOP VOLTAGE GAIN (dB) 


1A) Phase (Ry 
— 30F— 2A) Phase RL oot 0. CL = 300 vs 
— 4g {— 18) Gain (RL = 600 2) 
B R 0 = 300 pF 
gp l_2BL Sain IAL = 600.2. = 300 +P a 


2 3 4 5 6 7 8 9 10 20 
f, FREQUENCY (MHz} 


FIGURE 4 — INPUT BIAS CURRENT 
versus TEMPERATURE 


lip, INPUT BIAS CURRENT (nA} 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — OPEN LOOP VOLTAGE GAIN 
versus TEMPERATURE 


Avo, OPEN LOOP VOLTAGE GAIN (kV/V) 


0 
~— 55 —2 0 +25 +50 +75 
Ta, AMBIENT TEMPERATURE (°C) 


+100 = +125 


FIGURE 8 — OUTPUT VOLTAGE SWING 
versus SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE (Vp-p) 


Vcc, Veg SUPPLY VOLTAGE (V) 
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Vsat, OUTPUT SATURATION VOLTAGE (V) 


CMR, COMMON MODE REJECTION (dB) 


lig¢|, OUTPUT SHORT CIRCUIT CURRENT (mA) 


MC33178, MC33179 


FIGURE 9 — OUTPUT SATURATION VOLTAGE 
versus LOAD CURRENT 


Vec = +5.0Vto +18V 
Veg = ~5.0Vto —18V 


|_, LOAD CURRENT ({ + mA) 


FIGURE 11 — COMMON MODE REJECTION 
versus FREQUENCY OVER TEMPERATURE 
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f, FREQUENCY (Hz) 


FIGURE 13 — OUTPUT SHORT CIRCUIT CURRENT 
versus OUTPUT VOLTAGE 
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FIGURE 10 — OUTPUT VOLTAGE 
versus FREQUENCY 
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FIGURE 12 — POWER SUPPLY REJECTION 
versus FREQUENCY OVER TEMPERATURE 
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FIGURE 14 — OUTPUT SHORT CIRCUIT CURRENT 
versus TEMPERATURE 


Vee = +15V 
Veg = —15V 
Vip = +1.0V 
RL < 102 


Isc], OUTPUT SHORT CIRCUIT CURRENT (mA) 


~ 65 -3 0 +25 +50 +75 
Ta, AMBIENT TEMPERATURE (°C) 
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GBW, GAIN BANDWIDTH PRODUCT (MHz) Icc, SUPPLY CURRENT/AMPLIFIER (1A) 


Ay, VOLTAGE GAIN (dB) 


MC33178, MC33179 


FIGURE 15 —- SUPPLY CURRENT versus SUPPLY 
VOLTAGE WITH NO LOAD 
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ey 


Vcc. IVee|, SUPPLY VOLTAGE (V1 


FIGURE 17 — GAIN BANDWIDTH PRODUCT 
versus TEMPERATURE 


+ 125 
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FIGURE 19 — VOLTAGE GAIN AND PHASE 
versus FREQUENCY 


of + SS 
gleseah sal 
oy Ree AG) 


1A) Phase Vcc = 18V, Veg = —18V 

— 39 | 2A) Phase Vcc = 1.5V, Veg = —1.5V 
1B) Gain Vcc = 18V, Veg = —18V 

~ 405-28) Gain Vcc = 1.5 V, Veg = —1.5V 


1.0M 
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FIGURE 16 — NORMALIZED SLEW RATE 
versus TEMPERATURE 
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FIGURE 18 — VOLTAGE GAIN AND PHASE 
versus FREQUENCY 


Ay, VOLTAGE GAIN (dB) 
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FIGURE 20 — OPEN LOOP GAIN MARGIN 
versus TEMPERATURE 
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Am, OPEN LOOP GAIN MARGIN (dB} Br, PHASE MARGIN (DEGREES) 


THD, TOTAL HARMONIC DISTORTION (%} 


MC33178, MC33179 


FIGURE 21 — PHASE MARGIN 
versus TEMPERATURE 
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FIGURE 23 — OPEN LOOP GAIN MARGIN AND PHASE 
MARGIN versus OUTPUT LOAD CAPACITANCE 


FIGURE 22 —- PHASE MARGIN AND GAIN MARGIN 
versus DIFFERENTIAL SOURCE RESISTANCE 
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FIGURE 24 — CHANNEL SEPARATION 
versus FREQUENCY 
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FIGURE 25 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 
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FIGURE 26 — OUTPUT IMPEDANCE 
versus FREQUENCY 
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MC33178, MC33179 


FIGURE 27 — INPUT REFERRED NOISE VOLTAGE FIGURE 28 — INPUT REFERRED NOISE CURRENT 
versus FREQUENCY versus FREQUENCY 
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FIGURE 29 — PERCENT OVERSHOOT versus FIGURE 30 — NONINVERTING AMPLIFIER SLEW RATE 
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FIGURE 31 — SMALL SIGNAL TRANSIENT RESPONSE FIGURE 32 — LARGE SIGNAL TRANSIENT RESPONSE 
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FIGURE 33 — TELEPHONE LINE 
INTERFACE CIRCUIT 


To 
Receiver 


From 
Microphone 


APPLICATION INFORMATION 


This unique device uses a boosted output stage to 
combine a high output current with a drain current 
lower than similar bipolar input op amps. Its 60° phase 
margin and 15 dB gain margin ensure stability with up 
to 1000 pF of load capacitance (see Figure 23). The abil- 
ity to drive a minimum 600 1 load makes it particularly 
suitable for telecom applications. Note that in the sam- 
ple circuit in Figure 33 both A2 and A3 are driving equiv- 
alent loads of approximately 600 . 

The low input offset voltage and moderately high 
slew rate and gain bandwidth product make it attractive 
for a variety of other applications. For example, 
although it is not single supply (the common mode 
input range does not include ground), it is specified at 
+5.0V with a typical common mode rejection of 
110 dB. This makes it an excellent choice for use with 
digital circuits. The high common mode rejection, which 
is stable over temperature, coupled with a low noise 
figure and low distortion is an ideal op amp for audio 
circuits. 

The output stage of the op amp is current limited and 
therefore has a certain amount of protection in the event 
of a short circuit. However, because of its high current 
output, it is especially important not to allow the device 
to exceed the maximum junction temperature, partic- 
ularly with the MC33179 (quad op amp). Shorting more 


Tip 


1N4678 | Phone Line 


Ring 


than one amplifier could easily exceed the junction tem- 
perature to the extent of causing permanent damage. 


STABILITY 


As usual with most high frequency amplifiers, proper 
lead dress, component placement, and PC board layout 
should be exercised for optimum frequency perfor- 
mance. For examole, long unshielded input or output 
leads may result in unwanted input/output coupling. In 
order to preserve the relatively low input capacitance 
associated with these amplifiers, resistors connected to 
the inputs should be immediately adjacent to the input 
pin to minimize additional stray input capacitance. This 
not only minimizes the input pole frequency for opti- 
mum frequency response, but also minimizes extra- 
neous “pick up” at this node. Supplying decoupling 
with adequate capacitance immediately adjacent to the 
supply pin is also important, particularly over temper- 
ature, since many types of decoupling capacitors exhibit 
great impedance changes over temperature. 

Additional stability problems can be caused by high 
load capacitances and/or a high source resistance. Sim- 
ple compensation schemes can be used to alleviate 
these effects. 
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If a high source resistance is used (R1 > 1.0 kQ2), a 
compensation capacitor equal to or greater than the 
input capacitance of the op amp (10 pF) placed across 
the feedback resistor (see Figure 34) can be used to 
neutralize that pole and prevent outer loop oscillation. 
Since the closed loop transient response will be a func- 
tion of that capacitance it is important to choose the 
optimum value for that capacitor. This can be deter- 
mined by the following formula: 


(1) Cc = (1+[R1/R2])2* Cz (Zo/R2) 


where: Zo is the output impedance of the op amp. 


FIGURE 34 — COMPENSATION FOR 
HIGH SOURCE IMPEDANCE 


R2 


Cc 


Ri 


For moderately high capacitive loads (500 pF < Cy < 
1500 pF) the addition of a compensation resistor on the 
order of 20 between the output and the feedback loop 
will help to decrease miller Joop oscillation (see Figure 
35). For high capacitive loads (C, > 1500 pF) a combined 
compensation scheme should be used (see Figure 36). 
Both the compensation resistor and the compensation 
capacitor affect the transient response and can be cal- 
culated for optimum performance. The value of Cc can 
be calculated using formula (1). The formula to calculate 
R¢ is as follows: 


(2) Rc = Zo RUR2 


FIGURE 35 — COMPENSATION CIRCUIT 
FOR MODERATE CAPACITIVE LOADS 
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ie 


FIGURE 36 — COMPENSATION CIRCUIT 
FOR HIGH CAPACITIVE LOADS 


R1 


R2 


CL 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-286 


MOTOROLA 
= SEMICONDUCTOR xxx 
TECHNICAL DATA 


HIGH PERFORMANCE 


OPERATIONAL 
SINGLE SUPPLY, HIGH SLEW RATE AMPLIFIERS 
LOW INPUT OFFSET VOLTAGE, 
BIPOLAR OPERATIONAL AMPLIFIERS SILICON MONOLITHIC 


INTEGRATED CIRCUIT 


The MC33272/4 series of monolithic operational amplifiers are 
quality fabricated with innovative Bipolar design concepts. This 
dual and quad operational amplifier series incorporates Bipolar 
inputs along with a patented Zip-R-Trim element for input offset 
voltage reduction. The MC33272/4 series of operational amplifiers 
exhibits a low input offset voltage and high gain bandwidth prod- 
uct. Dual-doublet frequency compensation is used to increase the 


MC33272 


8 e 


slew rate while maintaining low input noise characteristics. Its all 1 
NPN output stage exhibits no deadband crossover distortion, P SUFFIX D SUFFIX 
large output voltage swing, and an excellent phase and gain mar- alias eae re 
gin. It also provides a low open-loop high frequency output : (SO-8) 
impedance with symmetrical source and sink AC frequency 
performance. PIN ASSIGNMENTS 

The MC33272/4 series is specified over — 40°C to + 85°C and is 


available in the plastic DIP and SOIC surface mount packages (P Output 1 
and D suffixes). 


@ Input Offset Voltage Trimmed to 100 zV (Typ) 

@ Low Input Bias Current: 300 nA 

@ Low Input Offset Current: 3.0 nA 

@ High Input Resistance: 16 MQ 

@ Low Noise: 18 nV/\/Hz @ 1.0 kHz 

@ High Gain Bandwidth Product: 24 MHz @ 100 kHz (Dual, Top View) 

@ High Slew Rate: 10 V/yus 

@ Power Bandwidth: 160 kHz 

@ Excellent Frequency Stability MC33274 

@ Unity Gain Stable: w/Capacitance Loads to 500 pF 

® Large Output Voltage Swing: + 14.1 V/-14.6 V e 
®@ Low Total Harmonic Distortion: 0.003% 14 ee 
@ Power Supply Drain Current: 2.15 mA per Amplifier 1 i 

e ee Split Supply Operation: +3.0 V to +36 V or +1.5V Ee an hut Sido aat 


CASE 646 CASE 751A 
(SO-14) 


PIN ASSIGNMENTS 


Output 1 Output 4 


Inputs 1 Inputs 4 
ORDERING INFORMATION 


Specified Ambient 
Temperature Range Package 
MC33272P ~40°C to +85°C Plastic DIP 
MC33274P Plastic DIP 


(Quad, Top View) 
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MAXIMUM RATINGS 


Symbol [Vato [Unit] 
Supply Voltage Vectovee | +36 | 
input Differential Voltage Range VIDR (Note 1) | ov | 


Vv 
Vv 
input vorage Range in| Note) | V 
Output Short Greut Duration Nowe 2) [tg [indefinite | 

[Maximum Power Disipation [Pp | (Nowa) [mw 


NOTES: 
1, Either or both input voltages should not exceed Vcc or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not 
exceeded (see Figure 2). 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15V, Ta = 25°C unless otherwise noted) 


Characteristic | 


Input Offset Voltage (Rg = 109, Vem = OV, Vo = 0 V) 
(Vcc = +15 V, VEE = —15V) 
Ta = +25°C 
Ta = —40°C to +85°C 
5.0 V, VEE = 0) 
= +25°C 
Average Temperature Coefficient of Input Offset Voltage 
Rs = 1029, Vom = OV, Vo = OV, Ta = —40°C to + 85°C 
Input Bias Current (Vcjy = 0 V, Vo = 0 V) nA 
Ta = +25°C 
Ta = —40°C to +85°C 
Input Offset Current (Vc = 0V, Vo = OV) nA 
Ta = +25°C 
Ta = —40°C to +85°C 
Common Mode Input Voltage Range (AVig = 5.0 mV, Vg = 0 V) V 
Ta = +25°C 
Large Signal Voltage Gain (Vo = Oto 10 V, RL = 2.0 kQ} 7 dB 
Ta = +25°C 
Ta = —40°C to +85°C 
Output Voltage Swing (Vip = +1.0 V) 8,9, 12 Vv 
(Vcc = +15V, VEE = —15V) 
RL = 2.0 kO 
Ru = 2.0 kQ 
RL = 10 kD 
RL = 10 kX 
(Vcc = 5.0 V, Veg = 0 V) 
= 2.0 kN 10, 11 
Common Mode Rejection (Vjn = +13.2 V to ~15 V) dB | 
Power Supply Rejection dB 
Vcc/VeE = +15 V/~15 V, +5.0 V/-15 V, +15 V/-5.0 V 
Output Short Circuit Current (Vip = 1.0 V, Output to Ground) mA 
Source +25 +37 — 
—25 —37 _ 
Power Supply Current Per Amplifier (VQ = 0 V) mA 
+15 V, Veg = -—15V) 
+ 25°C 2.15 2.75 
— 40°C to +85°C = 3.0 
5.0 V, Veg = 0 V) 
+ 25°C _— 2.75 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = 25°C unless otherwise noted) 
Characteristic 


Slew Rate 
(Vin = —10Vto +10 V, RL = 2.0kQ, CL = 100 pF, Ay = +1.0) 


Gain Bandwidth Product (f = 100 kHz) 

AC Voltage Gain (RL = 2.0 kO, Vo = OV, f = 20 kHz) 
Unity Gain Frequency (Open-Loop) 
Gain Margin (RU = 2.0 kQ, CL = 0 pF) 
Phase Margin (RL = 2.0 kQ, CL = 0 pF) 


| Channel Separation (f = 20 Hz to 20 kHz) 


Power Bandwidth (Vo = 20 Vp-p RL = 2.0 kQ, THD < 1.0%) 
Total Harmonic Distortion 
(RL = 2.0 kO, f = 20 Hz to 20 kHz, Vo = 3.0 Vrms, Ay = +1.0) 


Open-Loop Output Impedance (Vo = 0 V, f = 6.0 MHz) 
Differential Input Resistance (Vcfy = 0 V) 


4 
=x 
N 


; 
a 


= 
= 
N 


Zz 


wW 
ol 


Differential Input Capacitance (Vcj = 0 V) 


QO 
Zz 


Equivalent Input Noise Voltage (Rg = 100 2, f = 1.0 kHz) 


{ 
on = 
wlal|r 
rs) 
Dia 
8 \o 


-| oO 


Equivalent Input Noise Current (f = 1.0 kHz) 
Pc i aI te aa le Ed 


ao] 
2 
a 


FIGURE 1 — EQUIVALENT CIRCUIT SCHEMATIC 
(EACH AMPLIFIER) 
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FIGURE 2 — MAXIMUM POWER DISSIPATION FIGURE 3 — INPUT OFFSET VOLTAGE versus TEMPERATURE 
versus TEMPERATURE FOR TYPICAL UNITS 


fl 
sa0g BEM IN 
SAT 
800 1—Vig > 0 @ 25°C 
2—Vig = 0@ 25°C 
3—Vig < 0 25°C 


Pp(MAX), MAXIMUM POWER DISSIPATION (mW) 
Vig. INPUT OFFSET VOLTAGE (mV) 


0 d 
—60 -40 —-20 0 +20 +40 +60 +80 +100 +120 +140 + 160 + 180 —55 —25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 4 — INPUT BIAS CURRENT versus FIGURE 5 — INPUT BIAS CURRENT versus TEMPERATURE 


COMMON MODE VOLTAGE 


lig. INPUT BIAS CURRENT (nA) 
lip, INPUT BIAS CURRENT (nA) 


-16 ~—12 ~80 -40 0 +40 +80 +12 +16 — 55 ~ 25 0 +25 +50 +75 +100 +125 
Vom. COMMON MODE VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 6 — INPUT COMMON MODE VOLTAGE RANGE FIGURE 7 — OPEN-LOOP VOLTAGE GAIN 
versus TEMPERATURE versus TEMPERATURE 


Voc = +5.0Vto + 18V 
Veg = —5.0Vto —18V 
AVig = 5.0 mV 


Avot, OPEN-LOOP VOLTAGE GAIN (X 1.0 kV:V) 


— 55 —25 0 +25 +50 +75 +100 +125 ~§5 —25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 


Vicr, INPUT COMMON MODE VOLTAGE RANGE (VOLTS) 
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FIGURE 8 — SPLIT SUPPLY OUTPUT VOLTAGE SWING FIGURE 9 — SPLIT SUPPLY OUTPUT SATURATION VOLTAGE 
versus SUPPLY VOLTAGE versus LOAD CURRENT 
ge 
g 
é: 5 
=— Oo 
| = 
: : 
= ES 
S 2 
= S 
G Vcc = +5.0Vto +18V 
L Veg = —5.0Vto —18V 
0 5.0 10 15 20 : 
Vcc. Veg SUPPLY VOLTAGE (V) IL, LOAD CURRENT ( + mA} 
FIGURE 10 — SINGLE SUPPLY OUTPUT SATURATION FIGURE 11 — SINGLE SUPPLY OUTPUT SATURATION 
VOLTAGE versus LOAD RESISTANCE TO GROUND VOLTAGE versus LOAD RESISTANCE TO Vcc 
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FIGURE 13 — COMMON MODE REJECTION 
FIGURE 12 — OUTPUT VOLTAGE versus FREQUENCY versus FREQUENCY 
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FIGURE 14 — POSITIVE POWER SUPPLY REJECTION 
versus FREQUENCY 
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FIGURE 16 — OUTPUT SHORT CIRCUIT CURRENT 


versus TEMPERATURE 
60 i T 
ci Vec = +15V 
Veg = —15V 
* Vip = +1.0V 


RL < 1000 
paeves 0 


lIgc|, OUTPUT SHORT CIRCUIT CURRENT (mA} 
Ww 
ao 


-—25 0 +50 +100 +125 


+75 
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FIGURE 18 — NORMALIZED SLEW RATE 
versus TEMPERATURE 


SR, SLEW RATE (NORMALIZED) 


+100 +125 


+75 
Ta, AMBIENT TEMPERATURE (°C) 


— PSR, POWER SUPPLY REJECTION (dB) 


icc, SUPPLY CURRENT (mA) 


GBW, GAIN BANDWIDTH PRODUCT (MHz) 


FIGURE 15 — NEGATIVE POWER SUPPLY REJECTION 
versus FREQUENCY 
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FIGURE 17 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 19 — GAIN BANDWIDTH PRODUCT 
versus TEMPERATURE 
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FIGURE 20 — VOLTAGE GAIN & PHASE versus FREQUENCY 
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FIGURE 22 — OPEN-LOOP VOLTAGE GAIN & PHASE 
versus FREQUENCY 
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FIGURE 24 — OPEN-LOOP GAIN MARGIN 
versus TEMPERATURE 
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FIGURE 21 — GAIN AND PHASE versus FREQUENCY 
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FIGURE 23 — OPEN-LOOP GAIN MARGIN AND PHASE 
MARGIN versus OUTPUT LOAD CAPACITANCE 
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FIGURE 25 — PHASE MARGIN versus TEMPERATURE 
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FIGURE 26 — PHASE MARGIN AND GAIN MARGIN versus 
DIFFERENTIAL SOURCE RESISTANCE 


FIGURE 27 — CHANNEL SEPARATION versus FREQUENCY 
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Vg, OUTPUT VOLTAGE (5.0 V/DIV) 


Vo, OUTPUT VOLTAGE (50 mV/DIV) 


MC33272, MC33274 


FIGURE 32 — PERCENT OVERSHOOT versus 
LOAD CAPACITANCE 


PERCENT OVERSHOOT (%) 


C_, LOAD CAPACITANCE (pF) 


FIGURE 33 — NONINVERTING AMPLIFIER SLEW RATE 
FOR THE MC33274 


Vee = +15V 
Veg = -15V 
Ay = +10 
Re = 2.0 kQ 
CL = 100 pF 
Ta = 26°C 


t, TIME (2.0 jxs/ DIV) 


FIGURE 35 — SMALL SIGNAL TRANSIENT RESPONSE 
FOR MC33274 
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FIGURE 34 — NONINVERTING AMPLIFIER OVERSHOOT 
FOR THE MC33274 
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t, TIME (2.0 ns/DIV) 


FIGURE 36 — LARGE SIGNAL TRANSIENT RESPONSE 
FOR MC33274 
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MOTOROLA MC33282 
EMI fe eae ee des 
SLeANIGRE DAAC MC33284 


Product Preview 


JFET 
OPERATIONAL 
LOW INPUT OFFSET, HIGH SLEW RATE, AMPLIFIERS 
WIDE BANDWIDTH, JFET INPUT 


OPERATIONAL AMPLIFIERS SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

The MC33282,4 series of monolithic operational amplifiers are 
quality fabricated with innovative Bipolar and JFET design con- 
cepts. This dual and quad operational amplifier series incorpo- 
rates JFET inputs along with a patented Zip-R-Trim element for 


input offset voltage reduction. The MC33282,4 series of opera- MC33282 

tional amplifiers exhibits jow input offset voltage, low input bias 

current, high gain bandwidth and high slew rate. Dual-doublet P SUFFIX 
frequency compensation is incorporated to produce high quality PLASTIC PACKAGE 


phase/gain performance. In addition, the MC33282,4 series CASE 626 
exhibits moderately low input noise characteristics for JFET input 
amplifiers. It's all NPN output stage exhibits no deadband cross- 
over distortion, large output voltage swing, excellent phase and 
gain margin, low open-loop high frequency output impedance D SUFFIX 
with symmetrical source and sink AC frequency performance. PLASTIC PACKAGE 

The MC33282,4 series is specified over — 40°C to + 85°C and is CASE 751 
available in the plastic DIP and SOIC surface mount packages (P 
and D suffixes). 


@ Low Input Offset Voltage: 200 nV 
@ Low Input Bias Current: 30 pA 
Low Input Offset Current: 6.0 pA 
High Input Resistance: 1012 0 
Low Noise: 18 nV/\/Hz @ 1.0 kHz 
High Gain Bandwidth Product: 30 MHz @ 100 kHz (Dual, Top View) 
High Slew Rate: 15 V/us 
Power Bandwidth: 175 kHz 
Excellent Frequency Stability MC33284 
Unity Gain Stable: w/Capacitance Loads to 300 pF 
Large Output Voltage Swing: +14.1 V/-14.6 V P SUFFIX 
Low Total Harmonic Distortion: 0.003% Bereta 
Power Supply Drain Current: 2.15 mA per Amplifier 
Dual Supply Operation: +2.5 V to +18 V (Max) 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


ORDERING INFORMATION 


Specified Ambient 
Temperature Range Package 


MC33282P ~ 40°C to +85°C Plastic DIP 

MC33284D SO-14 

MC33284P Plastic DIP 
This document contains information on a product under development. Motorola reserves the right 
to change or discontinue this product without notice. 


(Quad, Top View) 
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MAXIMUM RATINGS 
Rating 


Supply Voltage (Vcc to VEE) 
| Input Differential Voltage Range 
Input Voltage Range 

Output Short Circuit Duration (Note 2) 


Unit | 
Vv 

| Seconds | 
°C 


(Note 1) 
(Note 1) 
Indefinite 


Seconds 


Maximum Junction Temperature 
ja 


Storage Temperature 


—60 to +150 °C 
Maximum Power Dissipation 


Note 2 
NOTES: 


1. Either or both input voltages should not exceed Vcc or VEE. 

2. Power dissipation must be considered to ensure maximum junction temperature (TJ) is not 
exceeded. 

3. Vcc and VEE power supply rejection measured separately using 10 V power supply delta. 


FIGURE 1 — EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 
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DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = ~—15V, Ta = 25°C unless otherwise noted) 
Characteristic 


Input Offset Voltage (Rg = 109, Vcm = 0V, Vo = 0 V) 
Ta = +25°C 
Ta = —40°C to +85°C 

Average Temperature Coefficient of Input Offset Voltage 
Rs = 109, Vom = OV, Vo = OV, Ta = Tiow to Thigh 


Input Bias Current (Vc = 0V, Vo = 0 V) 
Ta = +25°C 
Ta = —40°C to +85°C 

Input Offset Current (Vcjy = 0 V, Vo = 0 V) 
Ta = +25°C 
Ta = —40°C to +85°C 


Common Mode Input Voltage Range 
(AVi9Q = 5.0 mV, Vo = 0 V) 
Large Signal Voltage Gain (Vo = +10 V, RL = 2.0 kf) 


Ta = +25°C 
Ta = —40°C to +85°C 


Output Voltage Swing (Vip = +1.0 V) 


Common Mode Rejection (Vjn = +11 V) 


Power Supply Rejection (Note 3) 
Vcc/VEE = +15 V/-15 Vto +5.0 V/-5.0 V 


Output Short Circuit Current (Vip = 1.0 V, Output to Ground) 
Source 
Sink 
Power Supply Current (VQ = 0 V, Per Amplifier) 
Ta = +25°C 
Ta = —40°C to +85°C 
NOTE: 
3. Vcc and Veg power supply rejection measured separately using 10 V power supply delta. 


AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, Ta = 25°C unless otherwise noted) 
Characteristic 


Slew Rate (Vi, = —10V to +10 V, Rt = 2.0 kM, CL = 100 pF, 
Ay = +1.0) 


Gain Bandwidth Product (f = 100 kHz) 
AC Voltage Gain (RL = 2.0 kD, Vo = OV, f = 20 kHz) 
Unity Gain Frequency (Open-Loop) 


Gain Margin (RL = 2.0 kQ, CL = 0 pF) 
Phase Margin (RL = 2.0 kQ, C, = 0 pF) 


+ 
c 


Total Harmonic Distortion 
(RL = 2.0 kQ, f = 20 Hz to 20 kHz, Vo = 3.0 Vrms, AV = +1.0) 


Differential Input Resistance (Vcyy = 0 V) 


Differential Input Capacitance (Vc = 0 V) 


Equivalent Input Noise Current (f = 1.0 kHz) 
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MOTOROLA MC34001, MC35001 
= SEMICONDUCTOR apps | NVIC34002, MC35002 
TECHNICAL DATA MC34004, MC35004 


JFET INPUT OPERATIONAL AMPLIFIERS JFET INPUT 


OPERATIONAL AMPLIFIERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


These low cost JFET Input operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic inte- 
grated circuit. Each internally compensated operational amplifier 
has well matched high voltage JFET input devices for low input 
offset voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset cur- 
rents, and supply currents. 

The Motorola BIFET family offers single, dual and quad oper- 
ational amplifiers which are pin-compatible with the industry stan- 
dard MC1741, MC1458, and the MC3403/LM324 bipolar devices. 
The MC35001/35002/35004 series are specified over the military 
operating temperature range of —55°C to +125°C and the 
MC34001/34002/34004 series are specified from 0°C to +70°C. 


@ Input Offset Voltage Options of 5.0 and 10 mV Maximum 

@ Low Input Bias Current — 40 pA 

©@ Low Input Offset Current — 10 pA 

@ Wide Gain Bandwidth — 4.0 MHz 

@ High Slew Rate — 13 V/us 

@ Low Supply Current — 1.4 mA per Amplifier 

High Input Impedance — 1012 0 

e@ High Common-Mode and Supply Voltage Rejection Ratios — 100 dB 
@ Industry Standard Pinouts 


G SUFFIX MC34001, MC35001 
METAL PACKAGE (Top View) 
CASE 601 NC 


81 Noninverting 
Input 


MC34002, MC35002 
(Top View) 


Vcc 


Output A Cy ©) (7) Output B 
tea ee: 
Vy NA 


Noninverting Noninverting 
Input A Inout B 


Inverting 


Inverting 
Input A 


Input B 


VEE 


_ 


ORDERING INFORMATION 


Op Amp Temperature 
Function Range Package 


eee 0 to +70°C 
MC34001BP, P Plastic DIP 
MC34001BU, U Ceramic DIP 


1 1 


P SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 CASE 693 


D SUFFIX 
mS. PLASTIC PACKAGE 
8 ; ~ CASE 751 


Messe -55 to +125°C 
MC35001BU, U Ceramic DIP 


MC34002BD, D mc34001, 
| Mc3400286,G bbe me meg 

Meneres 0 to +70°C 

MC34002BP, P Plastic DIP 

MC34002BU, U Ceramic DIP 


(J Offset Null (Top View) 


MC35002 
(Top View) 


Mes500286,/6 —55 to +125°C 
MC35002BU, U Ceramic DIP 
MC34004BP, P Plastic DIP 
MC35004BL, L —55 to + 125°C Ceramic DIP 


14 | | | | 14 
1 L SUFFIX 1 P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 MC34004, MC35004 (Top View) 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


MAXIMUM RATINGS 


MC35001 
MC35002 
MC35004 


Operating Junction Temperature 
Metal and Ceramic Packages 
Plastic Packages 


Storage Temperature Range Tstg 
Metal and Ceramic Packages —65 to +150] —65to +150 
Plastic Packages _ —55to +125 


NOTE: 
(1) Unless otherwise specified, the absolute maximum negative input 
voltage is equal to the negative power supply. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15V, Ta = 25°C unless otherwise noted) 
MC35001/35002/35004 | MC34001/34002/34004 
Typ Max 


aw 
oO 
ag 
=) 
3 
< 


Characteristic 
Input Offset Voltage (Rg < 10 k) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Average Temperature Coefficient of Input Offset Voltage AViQ/AT 
Rg < 10k, TA = Tiow to Thigh (Note 2) 


= 
ro) 


10 = } VPC 


Input Offset Current (Vcpy = 0) (Note 3) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Input Bias Current (Vc = 0) (Note 3) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Input Resistance 


Common Mode Input Voltage Range VICR +11 +15 
_— —12 


Large Signal Voltage Gain (Vo = +10V, Ry = 2.0 k) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 
Output Voltage Swing 
(Ru = 10 k) 
(RL = 2.0 k) 
Common Mode Rejection Ratio (Rg < 10 k) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 
Supply Voltage Rejection Ratio (Rs < 10 k) (Note 4) PSRR 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Supply Current (Each Amplifier) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Slew Rate (Ay = 1.0) 
Gain-Bandwidth Product GBW 


Equivalent Input Noise Voltage 
(Rg = 100 0, f = 1000 Hz) 


Equivalent Input Noise Current (f = 1000 Hz) 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, TA = Tlow to Thigh [Note 2]). 


MC35001/35002/35004 | MC34001/34002/34004 
Characteristic 


Input Offset Voltage (Rg < 10 k) 
MC3500XB, MC3400XB 
C3500X, MC3400X 


Input Offset Current (Vcfy = 0) (Note 3) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Input Bias Current (VcM = 0) (Note 3) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Common Mode input Voltage Range 


Large Signal (Vo = +10 V, RL = 2.0k) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Output Voltage Swing 
(RL = 10 k) 
(RL = 2.0 k) 


Common Mode Rejection Ratio (Rg < 10 k) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Supply Voltage Rejection Ratio (Rg < 10 k) (Note 4) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 


Supply Current (Each Amplifier) 
MC3500XB, MC3400XB 
MC3500X, MC3400X 
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NOTES: 
(2) Tow = —55°C for MC35001/350018 (3) The input bias currents approximately double for every 10°C rise in 
MC35002/35002B junction temperature, Ty. Due to limited test time, the input bias 
MC35004/35004B currents are correlated to junction temperature. Use of a heatsink is 
= 0°C for MC34001/34001B recommended if input bias current is to be kept to a minimum. 
MC34002/34002B (4) Supply voltage rejection ratio is measured for both supply magni- 
MC34004/34004B tudes increasing or decreasing simultaneously, in accordance with 
Thigh = +125°C for MC35001/35001B common practice. 

MC35002/35002B 

MC35004/35004B 

= +70°C for MC34001/34001B 

MC34002/34002B 

MC34004/34004B 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 2 — OUTPUT VOLTAGE SWING 


FIGURE 1 — INPUT BIAS CURRENT 


versus FREQUENCY 


versus TEMPERATURE 
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FIGURE 4 — OUTPUT VOLTAGE SWING 


FIGURE 3 — OUTPUT VOLTAGE SWING 


versus SUPPLY VOLTAGE 


versus LOAD RESISTANCE 
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FIGURE 6 — SUPPLY CURRENT PER AMPLIFIER 


FIGURE 5 — OUTPUT VOLTAGE SWING 


versus TEMPERATURE 


versus TEMPERATURE 
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Avo. OPEN LOOP GAIN 


MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


FIGURE 7 — LARGE-SIGNAL VOLTAGE GAIN AND 


FIGURE 8 — LARGE-SIGNAL VOLTAGE GAIN 


PHASE SHIFT versus FREQUENCY versus TEMPERATURE 


AvoL, VOLTAGE GAIN (VimV) 


FIGURE 9 —- NORMALIZED SLEW RATE 
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FIGURE 10 — EQUIVALENT INPUT NOISE VOLTAGE 


versus TEMPERATURE versus FREQUENCY 
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FIGURE 11 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 
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MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(Each Amplifier) 


Output 
| 
I Sa + Vcc 

| 
os a4 as a2 ih | ! 

| 

Q6 
eye er J2 | 
Inputs 2.0k ! 
+0 

ar7) ! 

oz | 
ee a20 J3 

Q23 24 
Ee ! ! 

Q14 
| 
Q24 | 
Q12 Q13 Q16 ? 
| 
Q11 | 
Q10 +3 il Qg Q8 | Q7 Q25 
—__—— > \ 
| 
Offset is Q 
Null 
(mc34001,¢ 1-5k iz | 
MCc35001 4 res Cae eee +o Veg 
only) Bias Circuitry | 
Common to All' 
Amplifiers 
TYPICAL APPLICATIONS 


FIGURE 12 — OUTPUT CURRENT TO VOLTAGE TRANSFORMATION 
FOR A D-TO-A CONVERTER 


Settling time to within 1/2 LSB (+19.5 mV) is approximately 4.0 
us from the time all bits are switched. 


*The value of C may be selected to minimize overshoot and ring- 
@ Vref ing (C = 68 pF). 


15 


Theoretical Vo 
plied fe ee = Miatiggy [AL AF AB AA AS AS, AT AB 
On RT O12 7 4 8 7 46 * 32 * Ga * 128 * 256 


Series 


Adjust Vref, R1 or Ro so that Vo with all digital inputs at high 
level is equal to 9.961 volts. 


Vref = 2.0 Vde 
R2 ~ 1.0 k 
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Run 


MC34001, MC35001, MC34002, MC35002, MC34004, MC35004 


FIGURE 13 — POSITIVE PEAK DETECTOR 


1/2 MC34002 


Reset e ; 
Polycarbonate capacitor 


D1 = Hi-speed, low-reverse leakage diode 


FIGURE 14 — LONG INTERVAL RC TIMER FIGURE 15 — ISOLATING LARGE CAPACITIVE LOADS 
+15V R2 5.1k 
Vcc out 
Cc 
R1 ce 
_|_ MC34001 
= 3 
+2.0V CL 
0 + ‘ 0.5 pF 
-2.0V = ue 
R5 %* Polycarbonate or VEE 
ae Polystyrene Capacitor @ Overshoot <10% 
* ®@ ts = 10 us 
Time (t) = R4 Cén (VR/VR-V}), R3 = Rg, R5 = 0.1 Rg @ When driving large C,, the Vout slew rate is determined by Cy. 
If R1 = R2: t = 0.693 R4C and lout(max): 
Design Example: 100 Second Timer AVout _ ! 0.02 


= 2 Vins = 0.04 Vins (with CL sh 
Va=10V C=1.0uF R3=R4= 144M at cL” os BS MOND CL shOwe 


R6 = 20k R5= 20k R1 = R2 = 1.0k 


FIGURE 16 — WIDE BW, LOW NOISE, 
LOW ORIFT AMPLIFIER 


C2 


fmax = 240 kHz 
10V 


Vin © -10V 
4 Mc34001 
O VEE 
@ Power BW: fmax = St = 240 kHz 
2nVp 


@ Parasitic input capacitance (C1 = 3 pF plus any additional jayout ca- 
pacitance) interacts with feedback elements and creates undesirable 
high-frequency pole. To compensate add C2 such that: R2C2 = R1C1. 
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MOTOROLA 


ma SEMICONDUCTOR yyy 


TECHNICAL DATA 


Single 


Op Amp 
| Function Device 


HIGH SLEW RATE, WIDE BANDWIDTH, 
SINGLE SUPPLY OPERATIONAL AMPLIFIERS 

Quality bipolar fabrication with innovative design concepts are 
employed for the MC33071/2/4, MC34071/2/4, MC35071/2/4 series 
of monolithic operational amplifiers. This series of operational 
amplifiers offer 4.5 MHz of gain bandwidth product, 13 V/us slew 
rate and fast settling time without the use of JFET device tech- 
nology. Although this series can be operated from split supplies, 
it is particularly suited for single supply operation, since the com- 
mon mode input voltage range includes ground potential (Veg). 
With a Darlington input stage, this series exhibits high input resis- 
tance, low input offset voltage and high gain. The all NPN output 
stage, characterized by no deadband crossover distortion and 
large output voltage swing, provides high capacitance drive capa- 
bility, excellent phase and gain margins, low open-loop high fre- 
quency output impedance and symmetrical source/sink ac fre- 
quency response. 

The MC33071/2/4, MC34071/2/4, MC35071/2/4 series of devices 
are available in standard or prime performance (A Suffix) grades 
and are specified over the commercial, industrial/vehicular or mil- 
itary temperature ranges. The complete series of single, dual and 
quad operational amplifiers are available in the plastic, ceramic 
DIP and SOIC surface mount packages. 

@ Wide Bandwidth: 4.5 MHz 

@ High Slew Rate: 13 V/us 

@ Fast Settling Time: 1.1 us to 0.1% 

@ Wide Single Supply Operation: 3.0 V to 44 V 


Low Input Offset Voltage: 3.0 mV Maximum (A Suffix) 

Large Output Voltage Swing: — 14.7 V to +14 V (with +15 V 
Supplies) 

Large Capacitance Drive Capability: 0 to 10,000 pF 

Low Total Harmonic Distortion: 0.02% 

Excellent Phase Margin: 60° 

Excellent Gain Margin: 12 dB 

Output Short Circuit Protection 


ORDERING INFORMATION 


Package 


Temperature Range 


Wide Input Common Mode Voltage Range: Includes Ground (Veg) 


MC34071P, AP Plastic DIP 
MC34071D, AD O°C to + 70°C SO0-8 
MC34071U, AU Ceramic DIP 
MC33071P, AP Plastic DIP 
MC33071D, AD — 40°C to +85°C SO-8 
MC33071U, AU Ceramic DIP 


MC35071U, AU ~55°C to +125°C Ceramic DIP 


| 


Plastic DIP 
SO-8 
Ceramic DIP 


Plastic DIP 


MC34072P, AP 
MC34072D, AD 
MC34072U, AU 


MC33072P, AP 


O°C to +70°C 


: 


Quad 


MC35074L, AL 


MC33072D, AD —40°C to + 85°C So-8 
MC33072U, AU Ceramic DIP 
MC35072U, AU —55°C to +125°C Ceramic DIP 
MC34074P, AP Plastic DIP 
MC34074D, AD O°C to + 70°C $O-14 
MC34074L, AL Ceramic DIP 


Plastic DIP 
SO-14 
Ceramic DIP 


MC33074P, AP 
MC33074D, AD 
MC33074L, AL 


—40°C to +85°C 


— 55°C to +125°C Ceramic DIP 


MC34071,2,4 


MC35071,2,4 
MC33071,2,4 


HIGH PERFORMANCE 
SINGLE SUPPLY 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


mM 


P SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 CASE 693 


D SUFFIX 
5m 
1 


PLASTIC PACKAGE 
CASE 751 


Offset Null CJ 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 


(Quad, Top View) 
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MC34071, 34072, 34074/MC35071, 35072, 35074/MC33071, 33072, 33074 


MAXIMUM RATINGS 


Rating 


Supply Voltage (from Veg to Vcc) 


Input Differential Voltage Range 


Input Voltage Range 
Output Short-Circuit Duration (Note 2) 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


Seconds 
°C 
NOTES: 
1, Either or both input voltages should not exceed the magnitude of Vcc or VEE. 


2. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not exceeded (see Figure 1). 


-65 to +160 
-—60 to +150 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


Base 
Current 
Cancellation 


Offset Null 
(MC33071, MC34071, MC35071 only) 
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Current 
Limit 


MC34071, 34072, 34074/MC35071, 35072, 35074/MC33071, 33072, 33074 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, RL = connected to ground unless otherwise noted. 
See [Note 3] for Ta = Tiow to Thigh) 


Characteristic 


input Offset Voltage (RS = 1000, Vcy = OV, Vo = OV) 
Vcc = +15 V, Veg = ~15V,Ta = +25°C 
Vcc = +5.0V, Veg = OV, Ta = +25°C 
Voc = +15 V, Veg = ~15V, Ta = Tiow to Thig 


Average Temperature Coefficient of Input Offset Voltage 
Rg = 100, Vem = 0V, Vo = OV, Ta = Tiow to Thigh 


Input Bias Current (VcM = 0 V, Vo = 0 V) 
Ta = +25°C 
TA = Tlow to Thigh 
Input Offset Current (Vc = 0V, Vo = 0 V) 
Ta = +25°C 
TA = Tlow to Thigh 
Input Common Mode Voltage Range 
Ta = +25°C Veg to (Vcc — 1.8) | VEE to (Vcc — 1.8) 
TA = Tlow to Thigh Veg to (Vcc ~2.2) | Veg to (Vcc — 2.2) 
Large Signal Voltage Gain (Vo = +10 V, RL = 2.0 kQ) 
Ta = +25°C 
TA = Tlow to Thigh 
Output Voltage Swing (Vip = +1.0 V) 
Vcc = +5.0V, Veg = OV, RL = 2.0k9, Ta = +25°C 
Vec = +15V, Veg = —15V, RL = 10k9, Ta = +25°C 
Vec = +15V, Vee = —15V, RL = 2.0 kQ, Ta = Tlow to Thigh 


Vec = +5.0V, Veg = OV, RL = 2.0k0, Ta = +25°C 
Vcc = +15V, Veg = ~15V, RE = 10k, Ta = +25°C - 
Vcc = +15V, Vee = —15V, RE = 2.0 kQ, Ta = Tlow to Thig 


Output Short-Circuit Current (Vip = 1.0 V, Vo = OV, Ta = 25°C) 
Source 
Sink 


Common Mode Rejection 
Rs = 100 k®, Vom = Vicr, Ta = 25°C 


Power Supply Rejection (Rg = 100 9) 
\cc/VEE = +16.5 V/-16.5 V to +13.5 V/- 13.5 V, Ta = 25°C 


Power Supply Current (Per Amplifier, No Load) 
= +5.0V, Veg = OV, Vo = +2.5V, Ta = +25°C 
= +15V, Veg = -15V,Vo = OV, Ta = +25°C 
= +15V, Vee = -15V, Vo = OV, Ta = Tow to Thigh 
NOTES: (continued) 
3. Tlow = —55°C for MC35071,2,4,/A Thigh 
— 40°C for MC33071,2,4,/A 
O°C for MC34071,2,4,/A 


=} 
> 


3 
> 


3 3 3 


+ 125°C for MC35071,2,4,/A 
+ 85°C for MC33071,2,4,/A 
+ 70°C for MC34071,2,4,/A 


ion od 
teow ft 
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MC34071, 34072, 34074/MC35071, 35072, 35074/MC33071, 33072, 33074 


AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, RL = connected to ground, Ta = +25°C unless 
otherwise noted) 


[haraernis ———* a 


= +1.0 
- 1.0 


Settling Time (10 V Step, Ay = —1.0) 
To 0.1% (+1/2 LSB of 9-Bits) 
To 0.01% (+ 1/2 LSB of 12-Bits) 


Power Bandwidth 
Ay = +1.0, RL = 2.0 kQ, Vg = 20 Vp-5, THD = 5.0% 


Phase Margin 
RL = 2.0 kQ 
RL = 2.0 kQ, CL 
Gain Margin 
= 2.0 kQ 
2.0 kD, CL 


Equivalent Input Noise Voltage 
Rs = 1000, f = 1.0 kHz 


Equivalent Input Noise Current 
f = 1.0 kHz 


Differential! Input Resistance 
Vom = 0V 
Differential Input Capacitance 
Vom = 0V 
Total Harmonic Distortion 
Ay = +10, RL = 2.0 kO, 2.0 Vp-p = Vo =< 20 Vp-p: f = 10 kHz 
Channel Separation (f = 10 kHz) 


Open-Loop Output Impedance (f = 1.0 MHz) 


FIGURE 1 — POWER SUPPLY CONFIGURATIONS FIGURE 2 — OFFSET NULL CIRCUIT 


SINGLE SUPPLY SPLIT SUPPLIES 
3.0 V to 44V Vcc + |VeE| < 44V 


© VEE 


Offset nulling range is approximately +80 mV with a 10 k 
potentiometer (MC33071, MC34071, MC35071 only). 
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MC34071, 34072, 34074/MC35071, 35072, 35074/MC33071, 33072, 33074 


TYPICAL PERFORMANCE CURVES 


FIGURE 3 — MAXIMUM POWER DISSIPATION versus 
TEMPERATURE FOR PACKAGE TYPES 


Pp, MAXIMUM POWER DISSIPATION (mW) 


100 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — INPUT COMMON MODE VOLTAGE 
RANGE versus TEMPERATURE 


Vcc — 0.8 


Voc — 1.6 


Vec — 2.4 


Vee + 0.01 


VEE 
—55 -2 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 — NORMALIZED INPUT BIAS CURRENT versus 
INPUT COMMON MODE VOLTAGE 


Vec = +15V 
Veg = -15V 
Ta = 25°C 


lyg. INPUT BIAS CURRENT (NORMALIZED) 


— 12 —80 —40 0 4.0 8.0 12 
Vic. INPUT COMMON-MODE VOLTAGE (V) 


Vicr, INPUT COMMON-MODE VOLTAGE RANGE (V) 


FIGURE 4 — INPUT OFFSET VOLTAGE versus 
TEMPERATURE FOR REPRESENTATIVE UNITS 


| Voc = +15V 
Veg = —15V 


Vio. INPUT OFFSET VOLTAGE (mV) 


yp, INPUT BIAS CURRENT (NORMALIZED) 


Vo, OUTPUT VOLTAGE SWING (Vp.p} 


— 55 —2 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — NORMALIZED INPUT BIAS CURRENT 
versus TEMPERATURE 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — SPLIT SUPPLY OUTPUT VOLTAGE 
SWING versus SUPPLY VOLTAGE 


T T T 
Ri Connected 


to Ground Ta = 26°C 


Vcc [VeE|, SUPPLY VOLTAGE (V| 
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MC34071, 34072, 34074/MC35071 


FIGURE 9 — SPLIT SUPPLY OUTPUT SATURATION 
versus LOAD CURRENT 


Vener = +50¥/— 5.0Vto +22V/—22V 
ee 


25°C 


VeE + 2.0 


Veg + 1.0 


VEE 


IL, LOAD CURRENT ( + mA) 


, 35072, 35074/MC33071, 33072, 33074 


FIGURE 10 — SINGLE SUPPLY OUTPUT SATURATION 
versus LOAD RESISTANCE TO GROUND 


Vec = +15V 
RL = Gnd 
Ta = 28°C 


rH LC 
mati fo) 


Vgat, OUTPUT SATURATION VOLTAGE (V) 


R,, LOAD RESISTANCE TO GROUND (() 


FIGURE 11 — SINGLE SUPPLY OUTPUT SATURATION versus FIGURE 12 — OUTPUT SHORT CIRCUIT CURRENT 


LOAD RESISTANCE TO Voc 


Vat. OUTPUT SATURATION VOLTAGE [V). 


100 1.0K 10K 100K 
RL, LOAD RESISTANCE TO Veg (@) 


versus TEMPERATURE 


T Vec = +15 V0 
Vee = —15V 
+ Rp <010 
AVin = 1.0V 


Igc, OUTPUT CURRENT (mA) 


Ta, AMBIENT TEMPERATURE (°C} 


FIGURE 13 — OUTPUT IMPEDANCE versus FREQUENCY FIGURE 14 — OUTPUT VOLTAGE SWING versus FREQUENCY 
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Vee = —15V 


Ct ce 
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f, FREQUENCY (Hz) 


Zo, OUTPUT IMPEDANCE (0) 
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T Veo = +15V 


VQ, OUTPUT VOLTAGE SWING (Vp.p) 
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MC34071, 34072, 34074/MC35071, 35072, 35074/MC33071, 33072, 33074 
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FIGURE 15 —- OUTPUT DISTORTION versus FREQUENCY 


f, FREQUENCY (Hz) 


FIGURE 17 — OPEN-LOOP VOLTAGE GAIN versus 
TEMPERATURE 


Vec = +15V 

Veg = —15V 

Vout = —10Vto +10V 
Ru = 10k 

f< 10Hz 


1.0 


- 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 19 — OPEN-LOOP VOLTAGE GAIN AND 
PHASE versus FREQUENCY 


Phase 
Margin = 60° Gain 
Margin = 12 dB 


s 


teen“ aaha amo TA a 
3—Gain RL = 2.0k ‘ 
4—Gain RL = 2.0k,C, = 300 pF 
Vee = +15V 
Vee = —15V 
Vout = 0V Ta = 25°C 
2.0 3.0 50 70 10 20 30 
f, FREQUENCY (MHz) 
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@, EXCESS PHASE (DEGREES) 
GBW, GAIN BANDWIDTH PRODUCT 


AVOL, OPEN-LOOP VOLTAGE GAIN (dB) 


FIGURE 16 — OUTPUT DISTORTION versus 
OUTPUT VOLTAGE SWING 


T T T 
Vec = +15 V 
Vege = —15V 
30 Re = 2.0k 


THD, OUTPUT DISTORTION (%) 
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FIGURE 18 — OPEN-LOOP VOLTAGE GAIN AND 
PHASE versus FREQUENCY 


Vec = +15V 
Veg = —15V 
Vout = 9V 
RL = 2.0k 
Ta = 25°C 


, EXCESS PHASE (DEGREES) 
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FIGURE 20 — NORMALIZED GAIN BANDWIDTH 
PRODUCT versus TEMPERATURE 
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Am, GAIN MARGIN (dB) 


MC34071, 34072, 34074/MC35071, 35072, 35074/MC33071, 33072, 33074 


PERCENT OVERSHOOT 


Am, GAIN MARGIN (dB) 


FIGURE 21 — PERCENT OVERSHOOT versus FIGURE 22 — PHASE MARGIN versus 
LOAD CAPACITANCE LOAD CAPACITANCE 
100 jo oh ose | TH TI ot 70 TIM y Ty yr Tr TOT TTI 
I Vcc = +15V fest ail f44 Vec = +15V 
Veg ab | — 60 fe eet Veg = —15V | 
EE 15 = ++ 
80 Ry = 20k ‘aan TT i Ay = +10 
L Vg = —10Vto +10V+4+-+- + +444 © 50 +++ RL = 20k to 2 
Ta = 25° : a Vo = -10Vto +10V 
60 A = 26°C 0 
tt Z 4 LL Ta = 26°C | 
ac 
= 
40 Ww tT 
< 
= 20 +4 
20 € 
10 
oe 0 
10 100 1.0K 10K 10 100 1.0K 10K 
Ci, LOAD CAPACITANCE (pF) C_, LOAD CAPACITANCE (pF) 
FIGURE 23 — GAIN MARGIN versus LOAD CAPACITANCE FIGURE 24 — PHASE MARGIN versus TEMPERATURE 
14 T 1a saan = ae oot oe at 8 
Vec = +15V 
12 Pod f—+—+tt14 Veg = —15¥ _ 
i} Ay = +1.0 2 
10 RL = 20k tox iia 
o 
Vo = —10Vto +10V wi 
8.0 = 25°C z 
| 2 
6.0 = 
GA RL = 2.0 k to 
= Vo = —10Vto +10V 
4.0 a 
= ery as 
20 > C_ = 10,000 pF 
ee a eee 
10 100 1.0K 10K 
C_, LOAD CAPACITANCE (pF) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 26 — PHASE MARGIN AND GAIN MARGIN versus 
FIGURE 25 — GAIN MARGIN versus TEMPERATURE DIFFERENTIAL SOURCE RESISTANCE 
16 12 
i TIM 10 
aan I A ul BRR 
__Vec = +15V 
10 AH ae 60 
rT 7p) 
aves HE HT g 
Ay = +10 a 8.0 Si ttt tt tt 50 © 
RL = 2.0 kto x = Vo ING a 
Vo = —10Vto +10V @ 60 40 Z 
8.0 = - <= od 
2 é N 2 
z 40 Vee = +15V NI ss 
3 | Veg = -15V Phase g 
= 10,000 pF = 90 EE NIN = 
4.0 — ea : RT = Ry + Ro N 20 a 
Ay = +100 i alli € 
0 Vo = 0V THT 10 
0 il Ta = 26°C ; 


— 55 -2 0 25 50 75 100 125 1.0 10 100 1.0K 10K 100K 
Ta, AMBIENT TEMPERATURE (°C) Rt, DIFFERENTIAL SOURCE RESISTANCE (9) 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-313 


MC34071, 34072, 34074/MC35071, 35072, 35074/MC33071, 33072, 33074 


FIGURE 27 — NORMALIZED SLEW RATE 
versus TEMPERATURE 


FIGURE 28 — OUTPUT SETTLING TIME 
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FIGURE 33 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 35 — CHANNEL SEPARATION versus FREQUENCY 
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FIGURE 34 — POWER SUPPLY REJECTION 
versus TEMPERATURE 
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APPLICATIONS INFORMATION 
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES OF THE MC34071 SERIES 


Although the bandwidth, slew rate, and settling time 
of the MC34071 amplifier series are similar to op amp 
products utilizing JFET input devices, these amplifiers 
offer other additional distinct advantages as a result of 
the PNP transistor differential input stage and an all NPN 
transistor output stage. 

Since the input common mode voltage range of this 
input stage includes the Veg potential, single supply 
operation is feasible to as low as 3.0 volts with the 
common mode input voltage at ground potential. 

The input stage also allows differential input voltages 
up to +44 volts, provided the maximum input voltage 
range is not exceeded. Specifically, the input voltages 
must range between Veg and Vcc supply voltages as 


shown by the maximum rating table. !n practice, 
although not recommended, the input voltages can 
exceed the Vcc voltage by approximately 3.0 volts and 
decrease below the Veg voltage by 0.3 volts without 
causing product damage, although output phase rever- 
sal may occur. It is also possible to source up to approx- 
imately 5.0 mA of current from Veg through either 
input’s clamping diode without damage or latching, 
although phase reversal may again occur. 

If one or both inputs exceed the upper common mode 
voltage limit the amplifier output is readily predictable 
and may be in a low or high state depending on the 
existing input bias conditions. 
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Since the input capacitance associated with the small 
geometry input device is substantially lower (2.5 pF) 
than the typical JFET input gate capacitance (5.0 pF), 
better frequency response for a given input source resis- 
tance can be achieved using the MC34071 series of 
amplifiers. This performance feature becomes evident, 
for example, in fast settling D-to-A current to voitage 
conversion applications where the feedback resistance 
can form an input pole with the input capacitance of the 
op amp. This input pole creates a 2nd order system with 
the single pole op amp and is therefore detrimental to 
its settling time. In this context, lower input capacitance 
is desirable especially for higher values of feedback 
resistances (lower current DAC’s). This input pole can 
be compensated for by creating a feedback zero with a 
capacitance across the feedback resistance, if neces- 
sary, to reduce overshoot. For 2.0 kO of feedback resis- 
tance, the MC34071 series can settle to within 1/2 LSB 
of 8 bits in 1.0 xs, and within 1/2 LSB of 12 bits in 2.2 us 
for a 10 volt step. In a inverting unity gain fast settling 
configuration, the symmetrical slew rate is +13 volts/ 
us. In the classic noninverting unity gain configuration 
the output positive slew rate is +10 volts/us, and the 
corresponding negative slew rate will exceed the pos- 
itive slew rate as a function of the fall time of the input 
waveform. 

Since the bipolar input device matching character- 
istics are superior to that of JFETs, a low untrimmed 
maximum offset voltage of 3.0 mV prime and 5.0 mV 
downgrade can be economically offered with high fre- 
quency performance characteristics. This combina- 
tion is ideal for low cost precision, high speed quad 
Op amp applications. 

The all NPN output stage, shown in its basic form on 
the equivalent circuit schematic, offers unique advan- 
tages over the more conventional NPN/PNP transistor 
Class AB output stage. A 10 kQ load resistance can 
swing within 1.0 volt of the positive rail (Vcc), and 
within 0.3 volts of the negative rail (Veg), providing a 
28.7 Vp-p swing from + 15 voit supplies. This large out- 
put swing becomes most noticable at lower supply 
voltages. 

The positive swing is limited by the saturation voltage 
of the current source transistor Q7, and Vpe of the NPN 
pull up transistor Q47, and the voltage drop associated 
with the short circuit resistance, R7. The negative swing 
is limited by the saturation voltage of the pull-down 
transistor Q16, the voltage drop ILRg, and the voltage 
drop associated with resistance R7, where It is the sink 
load current. For smal! valued sink currents, the above 
voltage drops are negligible, allowing the negative 
swing voltage to approach within millivolts of Veg. For 
large valued sink currents (>5.0 mA), diode D3 clamps 
the voltage across Rg, thus limiting the negative swing 
to the saturation voltage of Q7¢, plus the forward diode 
drop of D3 (~Vege + 1.0 V). Thus for a given supply 
voltage, unprecedented peak-to-peak output voltage 
swing is possible as indicated by the output swing 
specifications. 

If the load resistance is referenced to Vcc instead of 
ground for single supply applications, the maximum 
possible output swing can be achieved for a given sup- 


ply voltage. For light load currents, the load resistance 
will pull the output to Vcc during the positive swing 
and the output will pull the load resistance near ground 
during the negative swing. The load resistance value 
should be much less than that of the feedback resistance 
to maximize pul! up capability. 

Because the PNP output emitter-follower transistor 
has been eliminated, the MC34071 series offers a20 mA 
minimum current sink capability, typically to an output 
voltage of (Veg + 1.8 V). In single supply applications 
the output can directly source or sink base current from 
a common emitter NPN transistor for fast high current 
switching applications. 

In addition, the all NPN transistor output stage is 
inherently fast, contributing to the bipolar amplifier’s 
high gain bandwidth product and fast settling capability. 
The associated high frequency low output impedance 
(30 0 typ @ 1.0 MHz) allows capacitive drive capability 
from 0 to 10,000 pF without oscillation in the unity 
closed loop gain configuration. The 60° phase margin 
and 12 dB gain margin as well as the general gain and 
phase characteristics are virtually independent of the 
source/sink output swing conditions. This allows easier 
system phase compensation, since output swing will 
not be a phase consideration. The high frequency char- 
acteristics of the MC34071 series also allow excellent 
high frequency active filter capability, especially for low 
voltage single supply applications. 

Although the single supply specification is defined at 
5.0 volts, these amplifiers are functional to 3.0 volts @ 
25°C although slight changes in parametrics such as 
bandwidth, slew rate, and dc gain may occur. 

lf power to this integrated circuit is applied in reverse 
polarity or if the IC is installed backwards in a socket, 
large unlimited current surges will occur through the 
device that may result in device destruction. 

Special static precautions are not necessary for these 
bipolar amplifiers since there are no MOS transistors 
on the die. 

As usual with most high frequency amplifiers, proper 
lead dress, component placement, and PC board layout 
should be exercised for optimum frequency perfor- 
mance. For example, long unshielded input or output 
leads may result in unwanted input-output coupling. In 
order to preserve the relatively low input capacitance 
associated with these amplifiers, resistors connected to 
the inputs should be immediately adjacent to the input 
pin to minimize additional stray input capacitance. This 
not only minimizes the input pole for optimum fre- 
quency response, but also minimizes extraneous ‘‘pick 
up” at this node. Supply decoupling with adequate 
capacitance immediately adjacent to the supply pin is 
also important, particularly over temperature, since 
many types of decoupling capacitors exhibit great 
impedance changes over temperature. 

The output of any one amplifier is current limited and 
thus protected from a direct short to ground. However, 
under such conditions, it is important not to allow the 
device to exceed the maximum junction temperature 
rating. Typically for +15 volt supplies, any one output 
can be shorted continuously to ground without exceed- 
ing the maximum temperature rating. 
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TYPICAL SINGLE SUPPLY APPLICATIONS Vcc = 5.0 VOLTS 


FIGURE 37 — AC COUPLED NONINVERTING AMPLIFIER 
Vcc 
20k Cin om 


FIGURE 38 — AC COUPLED INVERTING AMPLIFIER 


1.0 k Ay = 101 
Ay = 10 BW (-3.0 dB) = 450 kHz 


BW (—3.0 dB) = 45 kHz 


lk 


FIGURE 39 — DC COUPLED INVERTING AMPLIFIER 
MAXIMUM OUTPUT SWING 


FIGURE 40 — UNITY GAIN BUFFER TTL DRIVER 
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FIGURE 41 — ACTIVE HIGH-Q NOTCH FILTER FIGURE 42 — ACTIVE BANDPASS FILTER 


Vin 2 0.2 Vde 


MC34071 


Vin © 
Vo 
fo = 30 kHz 
Q = 10 
d 0.4 Vcc H. = 1.0 
1.0 kHz Given fo = Center Frequency o=!. 
Ao = Gain at Center Frequency 
1 Choose Value fp, Q, Ap, C 
= Then ra = 2. p= 2 gp B18 
aRC ttigC 2Ho 402R1-R3 
2c 2c For less than 10% error from operational amplifier 
0.02 0.02 p 
Qofo < 94 
GBW 


Where fy and GBW are expressed in Hz. 
GBW = 4.5 MHz Typ. 
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FIGURE 44 — HIGH SPEED LOW VOLTAGE COMPARATOR 
FIGURE 43 — LOW VOLTAGE FAST D/A CONVERTER 
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FIGURE 45 — LED DRIVER FIGURE 46 — TRANSISTOR DRIVER 
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FIGURE 48 — PHOTOVOLTAIC CELL AMPLIFIER 
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FIGURE 49 — LOW INPUT VOLTAGE COMPARATOR 


FIGURE 50 — HIGH COMPLIANCE VOLTAGE TO 


WITH HYSTERESIS SINK CURRENT CONVERTER 
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FIGURE 51 — HIGH INPUT IMPEDANCE FIGURE 52 — BRIDGE CURRENT AMPLIFIER 


DIFFERENTIAL AMPLIFIER 
R1 R2 + VRef 
iE ——wn— ~WA—— 0 


+V10 


+V20 
de = Re (Critical to CMRR) 
Ri RB AR Re 
Vo = VRef 5p 
4 R4 R ; 
Vo = (+ e\(v2 - v1 *) pear : = 
R3 R3 Rp >>R = (Vo 2 0.1 V) 


For (V2 = V1},V >0 


FIGURE 54 — HIGH FREQUENCY PULSE 
WIDTH MODULATION 


FIGURE 53 — LOW VOLTAGE PEAK DETECTOR 
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GENERAL ADDITIONAL APPLICATIONS INFORMATION Vs = +15 VOLTS 


FIGURE 55 — SECOND ORDER LOW-PASS ACTIVE FILTER 


FIGURE 56 — SECOND ORDER HIGH-PASS ACTIVE FILTER 
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FIGURE 58 — BASIC INVERTING AMPLIFIER 
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FIGURE 59 — BASIC NON INVERTING AMPLIFIER FIGURE 60 — UNITY GAIN BUFFER (Ay = + 1.0) 
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FIGURE 61 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 


MC34074 


Example: 


Let: R = Re = 12k R 
Then: Ay = 3.0 a ae a 


R BW = 1.5 MHz 


FIGURE 62 — DUAL VOLTAGE DOUBLER 
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MOTOROLA MC34080/MC35080 


ma SEMICONDUCTOR ooo thru 
TECHNICAL DATA MC34085/MC35085 


HIGH SLEW RATE, WIDE BANDWIDTH, 
JFET INPUT OPERATIONAL AMPLIFIERS 


These devices are a new generation of high speed JFET input HIGH PERFORMANCE 
monolithic operational amplifiers. Innovative design concepts JFET INPUT 
along with JFET technology provide wide gain bandwidth product OPERATIONAL AMPLIFIERS 
and high slew rate. Well matched JFET input devices and ad- 
vanced trim techniques ensure low input offset errors and bias 
currents. The all NPN output stage features large output voltage 


swing, no deadband crossover distortion, high capacitive drive 

Capability, excellent phase and gain margins, low open-loop out- 

put impedance, and symmetrical source/sink ac frequency 8 : 
response. 1 : 


This series of devices are available in standard or prime per- 


formance (A suffix) grades, fully compensated or decompensated ny ceeded a ec ice 
(AvCL=2) and are specified over commercial or Military temper- CASE 626 CASE 693 
ature ranges. They are pin compatible with existing Industry stan- 

dard operational amplifiers, and allow the designer to easily up- D SUFFIX 

grade the performance of existing designs. PLASTIC PACKAGE g R 

@ Wide Gain Bandwidth: 8.0 MHz for Fully Compensated Devices CASE 751 1 


(SO-8) 
PIN ASSIGNMENTS 


16 MHz for Decompensated Devices 


@ High Slew Rate: 25 V/us for Fully Compensated Devices 
50 V/us for Decompensated Devices 


® High Input Impedance: 1012 Invt Input 
Input Offset Voltage: 0.56 mV Maximum (Single Amplifier) Noninvt Input 


@ Large Output Voltage Swing: — 14.7 V to +14 V for 
Vcc/VEE = +15V 


Low Open-Loop Output Impedance: 30 2 @ 1.0 MHz 
@ Low THD Distortion: 0.01% 


Excellent Phase/Gain Margins: 55°/7.6 dB for Fully Compen- 
sated Devices 


ORDERING INFORMATION 


Op Amp Fully AvcL22 Temperature Dual, Top View 
Function as Compensated Decompensated Range Package _| 
[ MC35081U,AU MC35080U,AU —55 to +125°C| Ceramic DIP 


Single So-8 
Plastic DIP 
Plastic DIP 
Ceramic DIP 


SO-16L 
Plastic DIP 


MC34081D,AD 
MC34081P,AP 


MC34082P,AP 


MC35084L,AL 
Quad MC34084DW,ADW | MC34085DW,ADW| 9 to +. 79°C 
MC34084P,AP MC34085P,AP | 


MC34080D,AD 
MC34080P,AP 


MC34083P,AP 
MC35085L,AL 


Oto +70°C 


Dual 


—55 to +125 


14 


1 


P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 646 CASE 632 


PIN ASSIGNMENTS 


Output 1 


1 


Inputs 1 - 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751G 
(SO-16L) 


Quad, Top View 
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MAXIMUM RATINGS 


| Value | unit _| 
er ee ee 
| Noe) [| ov | 
| wore) | ov | 
|_Indefinite | Seconds | 


Vv 
Vv 
Vv 
°C 
°C 
°C 


Operating Ambient Temperature Range 
MC35XXX —55 to +125 
MC34XXX Oto +70 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Storage Temperature Range 
Ceramic Package —65 to +165 
Plastic Package —55 to +125 


NOTES: 
1, Either or both input voltages must not exceed the magnitude of Vcc or Veg. 
2. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not 


exceeded. 
EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 

estes Se o VCC 

— oO J1 O Output 
Inputs 0 
+0 
as 
500 
D4 
300 pA k 
=f a = ae oO VEE 
® RM 
Null Adjust 


(MC34080, 081)* 


*Pins 1 & 5 (MC34080,081) should not be directly grounded or connected to Vcc. 
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MC34080, MC35080 Series 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = —15V, TA = Tlow to Thigh {Note 3], unless otherwise noted) 
4 


4 


ASutix | __—Non-Sutfix —_—| 
Characteristic Symbol | Min T [Ma Mi T > | M 
| Min | Typ ax [Min yp | ax Unit 
Input Offset Voltage (Note 4) Vio | 7 mV 
Single 
Ta = +25°C — | 03 | 05 | ~ 05 | 1.0 
Ta = 0°C to +70°C (MC34080, MC34081) — — 2.5 _ — 3.0 
Ta = —55°C to + 125°C (MC35080, MC35081) _ _— 3.5 _ _ 4.0 
Dual 
Ta = +25°C — | 06] 10 | ~ 1.0 | 3.0 
Ta = 0°C to + 70°C (MC34082, MC34083) _— — 3.0 _ — 5.0 
Ta = —55°C to + 125°C (MC35082, MC35083) _ —_— 4.0 _~ _ 6.0 
Quad 
Ta = +25°C — | 30 | 60 | — 6.0 12 
Ta = 0°C to + 70°C (MC34084, MC34085) _ — 8.0 — —_ 14 
Ta = —58°C to + 125°C (MC35084, MC35085) _ ~ 9.0 _— _ 15 | 
Average Temperature Coefficient of Offset Voltage act 10 ae eee | 10 _ BVI 
}—— ae 
Input Bias Current (Vcjy = 0 Note 5) ae 
Ta = +25°C _— 0.06 0.2 _ 0.06 0.2 nA 


Ta = 0°C to +70°C 

Ta = —55°C to + 125°C 

| input Offset Current (Vc = 0 Note 5) 

Ta = +25°C 

Ta = 0°C to +70°C 

LL Ta = —55°C to + 125°C 
Large Signal Voltage Gain (Vo = 

Ta = +25°C 

Ta = Tow t0 Thigh 

Output Voltage Swing 

Re = 2.0k, Ta = +25°C 
= 10k, Ta = +25°C 
= 10k, Ta = Tlow to Thigh 


+10V, RL = 2.0k) 


DD 
- 
Ht 


RL = 2.0k, Ta = +25°C 
10k, Ta = +25°C 
RL = 10 k, Ta = Tiow to Thigh 


a 
rr 
i 


| 


Output Short-Circuit Current (Ta = +25°C) 
Input Overdrive = 1.0 V, Output to Ground 


Source 20 31 
Sink 20 | 28 = 20 i 28 _ — 
lapar Common Mode Voltage Range VICR | (VEE + 4.0) to (VEE + 4.0) to Vv 
L Ta = +25°C {_ (ec ~ 2.0) (ec — 2.0) 
onion Mode Rejection Ratio (Rs <= 10k, Ta = +25°C) CMRR oe 75 {| 90 | ier 70 
Power Supply Rejection Ratio (Rg = 100 0, Ta = 25°C PSRR 75 86 _— 70 
pply Rej (Rs A ) poled eae 
Power Supply Current Ip mA 
Single 
Ta = +25°C — | 25 | 34 | — 25 | 3.4 
TA = Tlow to Thigh = 4.2 _— _ 4.2 
Dual 
Ta = +25°C _ 4.9 6.0 _ 4.9 6.0 
TA = Tiow to Thigh > 7.5 _ _ 7.5 
Quad 
Ta = +25°C = 9.7 11 _ 9.7 11 
‘7 Ta = Tlow tO Thigh alll eee Iso} ee _ I 13 


NOTES: (CONTINUED) 


3. Tlow = —55°C for MC35080,A —- Tipw = 0°C for MC34080,A Thigh = +125°C for MC35080,A —- Thigh = +70°C for MC34080,A 


MC35081,A MC34081,A MC35081,A MC34081,A 
MC35082,A MC34082,A MC35082,A MC34082,A 
MC35083,A MC34083,A MC35083,A MC34083,A 
MC35084,A MC34084,A MC35084,A MC34084,A 
MC35085,A MC34085,A MC35085,A MC34085,A 


4. See application information for typical changes in input offset voltage due to solderability and temperature cycling. 
5. Limits at Ta = +25°C are guaranteed by high temperature (Thigh) testing. 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, TA = +25°C unless otherwise noted) 
a ee toa 


Characteristic 


Slew Rate (Vi, = -10Vto +10 V, RL = 2.0k, CL = 100 pF) SR 
Compensated Ay = +1.0 
Ay = —1.0 
Decompensated Ay = +2.0 
Ay = —1.0 


Settling Time (10 V Step, Ay = —1.0) 
To 0.10% (+ % LSB of 9-Bits) 
To 0.01% {+ % LSB of 12-Bits) 


Gain Bandwidth Product (f = 200 kHz) GBW 
Compensated 6.0 
Decompensated 12 

BWp 


Power Bandwidth (RL = 2.0k, Vo = 20 Vp_p, THD = 5.0%) 
Compensated Ay = +1.0 — 400 _ — 400 _ 
Decompensated Ay = —1.0 — 800 _ = 800 = 


Phase Margin (Compensated) oa Degrees 


RL = 2.0k 
RL = 2.0k, Cy = 100 pF 


Gain Margin (Compensated) Am 
RL = 2.0k 
Ry = 2.0 k, CL = 100 pF 


Equivalent Input Noise Voltage en 
Rs = 100 0, f = 1.0 kHz 


Equivalent Input Noise Current (f = 1.0 kHz) In 


Input Capacitance 


Input Resistance 


Total Harmonic Distortion 
Ay = +10, RL = 2.0k, 2.0 = Vg = 20 Vp_p, f = 10 kHz 


Channel Separation (f = 10 kHz) 


Open-Loop Output Impedance (f = 1.0 MHz) Ea 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — INPUT COMMON MODE VOLTAGE RANGE FIGURE 2 — INPUT BIAS CURRENT 
versus TEMPERATURE versus TEMPERATURE 


VecVeg = £3.0Vto +22V, 
AVio = 5.0 mV “Vcc T 


lig, INPUT BIAS CURRENT (pA) 


—55 ~ 2 0 +25 +50 +75 +100 «+125 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 


Vicr, INPUT COMMON-MODE VOLTAGE RANGE (VOLTS) 
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MC34080, MC35080 Series 


FIGURE 3 — INPUT BIAS CURRENT versus FIGURE 4 — OUTPUT VOLTAGE SWING 
INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE 


BASE 
gE 


ea 


lip. INPUT BIAS CURRENT (pA) 


Vo, OUTPUT VOLTAGE SWING [Vp _ p) 


0 
—12 —8.0 -40 0 4.0 8.0 12 0 +5.0 +10 +15 +20 +2 
Vic, INPUT COMMON-MODE VOLTAGE {VOLTS) VccVee, SUPPLY VOLTAGE {VOLTS) 
FIGURE 5 — OUTPUT SATURATION versus FIGURE 6 — OUTPUT SATURATION versus 
LOAD CURRENT LOAD RESISTANCE TO GROUND 


i 
1 
THEE me 
Ta = 26°C 


Vsat- OUTPUT SATURATION VOLTAGE (VOLTS) 


Vgat: OUTPUT SATURATION VOLTAGE (VOLTS) 


1H 

UTE SHH 

300 3.0K 30K 300K 
Ri, LOAD RESISTANCE TO GROUND (1) 


FIGURE 7 — OUTPUT SATURATION versus FIGURE 8 — OUTPUT SHORT CIRCUIT CURRENT 
LOAD RESISTANCE TO Vcc versus TEMPERATURE 


RL to Vec 
T—T Ta = 25°C 


Isc, OUTPUT SHORT CIRCUIT CURRENT (mA) 


Vgat, OUTPUT SATURATION VOLTAGE (VOLTS) 


50 
Ta, AMBIENT TEMPERATURE (°C} 
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MC34080, MC35080 Series 


FIGURE 9 — OUTPUT IMPEDANCE versus FREQUENCY FIGURE 10 — OUTPUT IMPEDANCE versus FREQUENCY 
80 conn: 1 80 Trt 
| voovee = £15V ‘il VecVee = +15V Hill 
Vem = 0 Vom = 0 
vo=0 Z A EIT TT 
@ Fb alg = +05mA S 60 V' 
wy Ta = 25°C 3 i) 
z T Compensated Fas 
z 4g |. Units Only S 4g |_ Units Only | ; | 7 
: ee : cet | 
2 =- ar = 7 — Leth 7 
= > 
5 ot TT ri ef tL TIT 
5 wr wre y, A a yr 7 
eee vw all | [pe lJ 
asd ell | 
Le TTL eee aol 
1.0K 10K 1.0M 10M 1.0K 10K 100K 1.0 10M 
f, FREQUENCY (Hz) 


100K 
f, FREQUENCY (Hz) 


FIGURE 11 — OUTPUT VOLTAGE SWING 
versus FREQUENCY 


ah 
VecVeE = £15V 
RL = 2.0k 
THD = 1.0% 
Ta = 26°C 


Decompensated 


THD, OUTPUT DISTORTION (%} 


Vg, OUTPUT VOLTAGE SWING (Vp. 9) 


10 100 1.0K 10K 100K 
f, FREQUENCY (Hz} 


FIGURE 13 — OPEN-LOOP VOLTAGE GAIN 
versus TEMPERATURE 


VecVee = +15V 

Vo = —10Vto +10V 
AL = 10k 

f < 10 Hz 


Ayo, OPEN-LOOP VOLTAGE GAIN 
(dB NORMALIZED) 


— 55 ~2 0 +25 +60 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


LN 
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MC34080, MC35080 Series 


FIGURE 14 — OPEN-LOOP VOLTAGE GAIN AND FIGURE 15 — OPEN-LOOP VOLTAGE GAIN AND PHASE 
PHASE versus FREQUENCY versus FREQUENCY 


om 4 
VecVEE = £15V 
Vo =0V 
RL = 2.0k 


Land 
So 


@, EXCESS PHASE (DEGREES) 


a 
VecVeE = +15V_] } 


Vo = 0V 6 
Ta = 25°C ope 


aD 
oS 


co 
So 


&, EXCESS PHASE (DEGREES) 
Avot, OPEN-LOOP VOLTAGE GAIN (dB) 
H 


Solid Line Curves — Compensated Units 
Dashed Line Curves — Decompensated Units 


4— Phase, RU = 2.0k, Cy = 100 pF 
Compensated Units Only 
1 


Avo, OPEN-LOOP VOLTAGE GAIN (dB) 


NR 
S 
Ss 


~ 40 a peat cae bees 2 
1.0 10 100 1.0K 10K 100K 1.0M 10M 100M 1.0 20 30 5.0 70 10 2 ~~ 30 50 
f, FREQUENCY (H2| f, FREQUENCY (MHz) 
FIGURE 16 — OPEN-LOOP VOLTAGE GAIN AND PHASE FIGURE 17 — NORMALIZED GAIN BANDWIDTH 
versus FREQUENCY PRODUCT versus TEMPERATURE 
20 B 1.20 T [ 
qu 
sa 100 = a | 
Sale = lene 15V 
— = +t 
= 208 1.10 li i 
oO uw = RL = 2.0k 
o 0 So & 
5 140 2 a 
© 10} VeoNEE = = 15V 2 £100 
S Vo = 0V a - 
So + 105 8 
3 | Ta = 26 Z 8 
& ~ 2071 — Gain, RL = 20k oS 
OF 2—Gain RL = 20k, CL = 180° 0.90 
S-30+3—Phase Ry = 2.0k z 
> 
= | 4—Phase Ry = 2.0k, C, = 100 pF [ee ited lay S 
— 4g { Decompensated Units Only LL a Re B 0.80 
1.0 20 3.0 50 7.0 10 20 30 50 —55 ~25 0 25 50 75 100125 
f, FREQUENCY (MHz) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 18 — PERCENT OVERSHOOT versus FIGURE 19 — PHASE MARGIN versus 
LOAD skate LOAD CAPACITANCE 
ot 5 a a 
VecVeg = +15V 
60 Compensated = FFF + —— | = 20k to 
Units Ay = +1.0 AVo = 100 mV 
a Vo = —10Vto +10V1) 
S & Ta = 25°C 
a & 40 
a z 
> Oo 
fo) cx 30 
5 = 
uu 
& 2 20 
a. a 
AVo = 100 MVp-p $191 
Vo = —10Vto +10V s 
OL 
10 100 1.0K 
C, LOAD CAPACITANCE (pF) C_, LOAD CAPACITANCE (pF) 
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MC34080, MC35080 Series 


FIGURE 20 — GAIN MARGIN versus LOAD CAPACITANCE 
10 


+—VccVeg = +15V 


+ 


Ay. GAIN MARGIN (dB 


Am. GAIN MARGIN (dB) 


Ri = 2.0kto~ 
8.0 Compensa in 
Units Ay = +10 AV = 100 mVp-p 
| Vo = —10Vto +10V 

6.0 4 TA = 25°C 
4.0 
2.0 

0 


100 
C,, LOAD CAPACITANCE (pF) 


FIGURE 22 — GAIN MARGIN versus TEMPERATURE 


Solid Line Curves — Compensated Units Ay = + 1.0 
Dashed Line Curves — Decompensated Units Ay = + 2.0 


t- AVQ = 100 MVp_p 
Vo = -10Vto +10V 


+75 
Tp, AMBIENT TEMPERATURE (°C) 


+25 +50 +100 +125 


SR, SLEW RATE (NORMALIZED) 


on, PHASE MARGIN (DEGREES) 


FIGURE 21 — PHASE MARGIN versus TEMPERATURE 


+2.0 


VccVeg = +15V  AVo = 100 MVp-p 
RL = 2.0 k to oo Vo = —10Vto + 10V 


~— 55 — 2 0 25 50 75 100 425 
Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 23 — NORMALIZED SLEW RATE versus 
TEMPERATURE 
1.40 on —- —r 
VecVeg = +15V 
Ay = + 1.0 for Compensated Units 
Ay = —1.0 for Decompensated Units 
1.20 RL = 20k 
CL = 100 pF 
Vo = —10Vto +10V 
1.00 
0.80 


0.60 


— 55 0 


25 
Ta, AMBIENT TEMPERATURE (°C) 


50 75 100 125 
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MC34080, MC35080 Series 


MC34084 TRANSIENT RESPONSE 
Ay = +1.0, RL = 2.0k, Vcc/Veg = +15 V, Ta = 25°C 


FIGURE 24 — SMALL-SIGNAL FIGURE 25 — LARGE-SIGNAL 


Vertical = 50 mV/Div Vertical = 5.0 ViDiv 
Horizontal 0.2 yzs/Div Horizontal = 0.5 us/Div 
C, = 10 pF CL = 100 pF 


MC34085 TRANSIENT RESPONSE 
Ay = +2.0, RL = 2.0k, Voc/VEE = +15 V, Ta = 25°C 


FIGURE 26 — SMALL-SIGNAL FIGURE 27 — LARGE-SIGNAL 


Vertical = 5,0 V/Div 
Horizontal = 0.5 us/Div 
CL = 100 pF 


Vertical = 50 mV/Div 
Horizontal = 0.2 us/Div 
Cy = 10 pF 
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MC34080, MC35080 Series 


FIGURE 28 — COMMON-MODE REJECTION RATIO 
versus FREQUENCY 


CMRR, COMMON-MODE REJECTION RATIO (dB) 


10 100 1.0K 10K 100K 10M 10M 
f, FREQUENCY (Hz) 


FIGURE 30 — POWER SUPPLY REJECTION RATIO 


versus TEMPERATURE 


PSRR, POWER SUPPLY REJECTION RATIO (dB) 


FIGURE 32 — CHANNEL SEPARATION versus FREQUENCY 


120 


Negative 
Supply —VccVeg = +15V 


Compensated Units Ay = + 1.0 
Decompensated Units Ay = + 2.0 


Ta, AMBIENT TEMPERATURE (°C) 


CHANNEL SEPARATION (dB) 


VocVee io 


+15V 


f, FREQUENCY (Hz) 


FIGURE 29 — POWER SUPPLY REJECTION RATIO 
versus FREQUENCY 


PSRR, POWER SUPPLY REJECTION RATIO (dB) 


0.1 1.0 10 100 1.0K 10K = 100K = 1.0M = 10M 
f, FREQUENCY (Hz) 


FIGURE 31 — NORMALIZED SUPPLY CURRENT 
versus SUPPLY VOLTAGE 


lec, SUPPLY CURRENT (NORMALIZED) 


+1 +15 + 
Vg, SUPPLY VOLTAGE (VOLTS) 


FIGURE 33 — SPECTRAL NOISE DENSITY 


Hz) 


€n, INPUT NOISE VOLTAGE (nV 


1.0 
f, FREQUENCY (Hz) 
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APPLICATIONS INFORMATION 

The bandwidth and slew rate of the MC34080 series 
is nearly double that of currently available general pur- 
pose JFET op-amps. This improvement in ac perfor- 
mance is due to the P-channel JFET differential input 
stage driving a compensated miller integration ampli- 
fier in conjunction with an all NPN output stage. 

The all NPN output stage offers unique advantages 
over the more conventional NPN/PNP transistor Class 
AB output stage. With a 10 k load resistance, the op-amp 
can typically swing within I.0 V of the positive rail (Vcc), 
and within 0.3 volts of the negative rail (VEE), providing 
a 28.7 Vp—p swing from +15 volt supplies. This large 
output swing becomes most noticeable at lower supply 
voltages. If the load resistance is referenced to Vcc 
instead of ground, the maximum possible output swing 
can be achieved for a given supply voltage. For light 
load currents, the load resistance will pull the output to 
Vcc during the positive swing and the NPN output tran- 
sistor will pull the output very near Veg during the neg- 
ative swing. The load resistance value should be much 
less than that of the feedback resistance to maximize 
pull-up capability. 

The all NPN transistor output stage is also inherently 
fast, contributing to the operational amplifier’s high 
gain-bandwidth product and fast settling time. The as- 
sociated high frequency output impedance is 50 ohms 
(typical) at 8.0 MHz. This allows driving capacitive loads 
from 0 to 300 pF without oscillations over the military 
temperature range, and over the full range of output 
swing. The 55° phase margin and 7.6 dB gain margin 
as well as the general gain and phase characteristics 
are virtually independent of the sink/source output 
swing conditions. The high frequency characteristics of 
the MC34080 series is especially useful for active filter 
applications. 

The common mode input range is from 2.0 volts be- 
low the positive rail (Vcc) to 4.0 volts above the neg- 


ative rail (Veg). The amplifier remains active if the inputs 
are biased at the positive rail. This may be useful for 
some applications in that single supply operation is pos- 
sible with a single negative supply. However, a degra- 
dation of offset voltage and voltage gain may result. 

Phase reversal does not occur if either the inverting 
Or noninverting input (or both) exceeds the positive 
common mode limit. If either input (or both) exceeds 
the negative common mode limit, the output will be in 
the high state. The input stage also allows a differential 
up to +44 volts, provided the maximum input voltage 
range is not exceeded. The supply voltage operating 
range is from +5.0 V to +22 V. 

For optimum frequency performance and stability 
careful component placement and printed circuit board 
layout should be exercised. For example, !ong un- 
shielded input or output leads may result in unwanted 
input-output coupling. In order to reduce the input ca- 
pacitance, resistors connected to the input pins should 
be physically close to these pins. This not only mini- 
mizes the input pole for optimum frequency response, 
but also minimizes extraneous “pickup” at this node. 

Supply decoupling with adequate capacitance close 
to the supply pin is also important, particularly over 
temperature, since many types of decoupling capacitors 
exhibit large impedance changes over temperature. 

Primarily due to the JFET inputs of the op amp, the 
input offset voltage may change due to temperature 
cycling and board soldering. After 20 temperature 
cycles (— 55°C to 165°C), the typical standard deviation 
for input offset voltage is 559 wV and 473 pV in the 
plastic and ceramic packages respectively. With respect 
to board soldering (260°C, 10 seconds) the typical stan- 
dard deviation for input offset voltage is 525 uV and 
227 wV in the plastic and ceramic package respectively. 
Socketed plastic or ceramic packaged devices should 
be used over a minimal temperature range for optimum 
input offset voltage performance. 


FIGURE 34 — OFFSET NULLING CIRCUIT 
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MC35181,2,4 


MOTOROLA 


= SEMICONDUCTOR xoxox 
TECHNICAL DATA 


LOW POWER, HIGH SLEW RATE, WIDE BANDWIDTH, 
JFET INPUT OPERATIONAL AMPLIFIERS 


Quality bipolar fabrication with innovative design concepts are 
employed for the MC33181/2/4, MC34181/2/4, MC35181/2/4 series 
of monolithic operational amplifiers. This JFET input series of 
operational amplifiers operate at 210 nA per amplifier and offer 
4.0 MHz of gain bandwidth product and 10 V/ys slew rate. Pre- 
cision matching and an innovative trim technique of the single 
and dual versions provide low input offset voltages. With a JFET 
input stage, this series exhibits high input resistance, low input 
offset voltage and high gain. The all NPN output stage, charac- 
terized by no deadband crossover distortion and large output 
voltage swing, provides high capacitance drive capability, excel- 
lent phase and gain margins, low open-loop high frequency out- 
put impedance and symmetrical source/sink ac frequency 
response. 

The MC33181/2/4, MC34181/2/4, MC35181/2/4 series of devices 
are specified over the commercial, industrial/vehicular or military 
temperature ranges. The complete series of single, dual and quad 


MC33181,2,4 


LOW POWER 
JFET INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


este 


P SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 CASE 693 


D SUFFIX 
Se PLASTIC PACKAGE 
7 CASE 751 
1 (SO-8) 


operational amplifiers are available in the plastic and ceramic DIP 
as well as the SOIC surface mount packages. 


Low Supply Current: 210 nA (Per Amplifier) 
Wide Supply Operating Range: +1.5V to +18V 
Wide Bandwidth: 4.0 MHz 

High Slew Rate: 10 V/us 

Low Input Offset Voltage: 2.0 mV 


Large Output Voltage Swing: —14 V to +14 V (with +15 V 
Supplies) 


Large Capacitance Drive Capability: 0 to 500 pF 
Low Total Harmonic Distortion: 0.04% 
Excellent Phase Margin: 67° 

Excellent Gain Margin: 6.7 dB 

Output Short Circuit Protection 


Offset Null 


(Dual, Top View) 


ORDERING INFORMATION 


Op Amp Test Temperature L SUFFIX 
Function Device Range Package P SUFFIX CERAMIC PACKAGE 
Single | MC34181P Oto +70°C Plastic DIP PLASTIC PACKAGE CASE 632 
MC34181D SO-8 CASE 646 
MC33181P P Plastic DIP D SUFFIX 
—40 to +85°C 
MC33181D SO-8 iy Le PLASTIC PACKAGE 
MC35181U —55 to + 125°C Ceramic DIP CASE 751A 
[ 
Dual MC34182P ° Plastic DIP 
MC34182D kasi SO-8 
MC33182P Plastic DIP 
—40 to +85°C 
MC33182D SO-8 
[ MC35182U —55 to + 125°C Ceramic DIP oe 
Quad MC34184P e Plastic DIP 
MC34184D NS S0-14 
— a 
MC33184P Plastic DIP 
-—40 to +85°C 
MC33184D as SO-14 
| __ MC35184L —55 to +125°C Ceramic DIP (Quad, Top View) 
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MC34181,2,4, MC35181,2,4, MC33181,2,4 


MAXIMUM RATINGS 


Supply Voltage (from Vcc to VEE) 


Input Differential Voltage Range 


Input Voltage Range 


Output Short-Circuit Duration (Note 2) 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


Rating | symbol Value 
Ve +36 Volts 
VID Note 1 Volts 
R ea iced 
VIR Note 1 8 
ts Indefinite Seconds | 
Ty °C 
+160 
[ +150 
Tstg °C 
—65 to +160 
| | 60 to +150 


NOTES: 


1. Either or both input voltages must not exceed the magnitude of Vcc or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not exceeded (see Figure 1). 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


Internal 
Bias 
Network 


Nuil Offsets 


MC3X181 (Single) Only 


5 


—_————_OVEE 
25 kD 


MC3X181 Input Offset 
Voltage Null Circuit 
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DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -—15V, Ta = 25°C unless otherwise noted) 


Input Offset Voltage (Rg = 502, Vo = 0 V) 
Single 
Ta = +25°C 
Ta = 0°C to +70°C (MC34181) 
Ta = —40°C to +85°C (MC33181) 
— 56°C to + 125°C (MC35181) 


= +25°C 
Ta = 0°C to +70°C (MC34182) 

= —40°C to + 85°C (MC33182) 
—55°C to + 125°C (MC35182) 


= +256°C 
Ta = 0°C to +70°C (MC34184) 
= —40°C to +85°C (MC33184) 
-— 55°C to + 125°C (MC35184) 


Average Temperature Coefficient of Vig (Rs 


Input Offset Current (Vom = 0 V, Vo = 0 V) 
Ta = +25°C 
Ta = 0°C to +70°C 
= —40°C to +85°C 
= —55°C to + 125°C 


= 500, Vo = 0V) 


Ta = +25°C 
Ta = 0°C to +70°C 

Ta = —40°C to +85°C 
Ta = —55°C to +125°C 
Input Common Mode Voltage Range 


Large Signal Voltage Gain (Ri = 10 kM, Vo = +10 V) 
Ta = +25°C 

TA = Tlow to Thigh 
Output Voltage Swing (Vip = 1.0 V, RL = 10 kQ) 
Ta = +25°C 


Common Mode Rejection (Rg = 500, Vem = Vicr. Vo = 0 V) 
Power Supply Rejection (Rg = 500, Vc = OV, Vo = 0 V) 


Output Short Circuit Current (Vip = 1.0 V, Output to Ground) 
Source 
Sink 
Power Supply Current (No Load, Vg = 0 V) 
Single 
Ta = +25°C 
TA = Tow to Thigh 
Dual 


= +25°C 
Tlow to Thigh 


4 
> 
| 


+ 25°C 
Tlow to Thig 
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MC34181,2,4, MC35181,2,4, MC33181,2,4 


AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V. Ta = +25°C unless otherwise noted) 


ss —— 1 
ar i T Unit 
Characteristic a Symbol 1 Min {Typ Max ot ni _| 
Siew Rate (Vin = —10 Vto +10 V, RL = 10 kQ, CL = 100 pF) SR V/us 
Ay = +1.0 7.0 10 — 
Ay = ~1.0 fi: = 10 = t 
Settling Time (Ay = —1.0, RL = 10 kQ, Vo = 0 Vto +10 V Step) ts <f “| iT MS 
To Within 0.10% As — 
To Within 0.01% _| —_— 1.5 
Gain Bandwidth Product (f = 100 kHz) GBW 3.0 zi 4.0 
Power Bandwidth (Ay = +1.0, RL = 10°kQ, Vo = 20 Vp-p, THD = 5%) 
Phase Margin (~10 V < Vo < +10 V) Om Degrees 
RL = 10 ko 
{| RL = 10k, C= 100 pF rea a ce 
—T 
Gain Margin (~10 V < Vg < +10 V) Am dB 
Re = 10 kQ _— 6.7 _— 
Re = 10 kQ, CL = 100 pF — 3.4 — 
RL L p | ci | 4 aos eek 
Equivalent Input Noise Voltage en = 38 _ nV/VHz 
Rs = 100 ©, f = 1.0 kHz 
: : a = 
Equivalent Input Noise Current in — 0.01 — pA/VHz 
f = 1.0 kHz 
Differential Input Capacitance ane Cj —_ 3.0 — pF 
| 
bene Input Resistance oe Ri Lote 1012 i — 0 
Total Harmonic Distortion THD — 0.04 — % 
Ree Ay = 10, Re = 10 kf, 2 Vp-p < Vo < 20 Vp-p: f = 10 kHz _| _| { {_ 
| Channel Separation (RL = 10 kQ, —10 V < Vg < +10 V, 0 Hz < f < 10 kHz) — — 120 — dB 
; 7 l 200] 
Open-Loop Output Impedance iZo| — 200 _— 10) 
[| __ {f = 1.0 MHz) | | >} | 
FIGURE 1 — MAXIMUM POWER DISSIPATION versus FIGURE 2 — INPUT COMMON-MODE VOLTAGE RANGE 
TEMPERATURE FOR PACKAGE VARIATIONS versus TEMPERATURE 


7 + 1 
8 & 14 PIN CERAMIC PKG. 
+——_+ + + 

8 & 14 PIN PLASTIC PKG. 


Voc = +3.0Vto +15 V 
Veg = —3.0Vto —15V Voc (Vem to Vcc) 


AVio = 5.0 mV 


Pp, MAXIMUM POWER DISSIPATION (mW) 


Vicr, INPUT COMMON-MODE VOLTAGE 
RANGE (VOLTS) 


-—55~-40 -20 0 20 40 60 80 100 120 140 160 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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Vo, OUTPUT VOLTAGE SWING (VOLTS) Ijp, INPUT BIAS CURRENT (nA) 


VgaT, OUTPUT SATURATION VOLTAGE {VOLTS} 


MC34181,2,4, MC35181,2,4, MC33181,2,4 


FIGURE 3 — INPUT BIAS CURRENT 
versus TEMPERATURE 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — OUTPUT VOLTAGE SWING 


versus SUPPLY VOLTAGE 


Ri Connected to Ground 
Ta = 25°C 


Vcc, \Veg|, SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 — OUTPUT SATURATION VOLTAGE versus 


LOAD RESISTANCE TO GROUND 


Vee = +15V 


Veg 15V 
Ta = +25°C 


| ant 
Ce 


100K 
RL. ee RESISTANCE TO GROUND 


Vgat, OUTPUT SATURATION VOLTAGE (VOLTS) 


Vgat, OUTPUT SATURATION VOLTAGE (VOLTS) 


FIGURE 4 — INPUT BIAS CURRENT versus INPUT 
COMMON-MODE VOLTAGE 


lip. INPUT BIAS CURRENT (pA) 


0 
0 


—5.0 0 5.0 10 
Vicr. INPUT COMMON-MODE VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT SATURATION VOLTAGE versus 
LOAD CURRENT 
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FIGURE 8 — OUTPUT SATURATION VOLTAGE versus 
LOAD RESISTANCE TO Vcc 
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MC34181,2,4, MC35181,2,4, MC33181,2,4 


FIGURE 9 — OUTPUT SHORT CIRCUIT CURRENT 
versus TEMPERATURE FIGURE 10 — OUTPUT IMPEDANCE versus FREQUENCY 


Voc = +15V 
Veg = —15V 
RE = 0.10 


8 
S 


AlouT = 10 A 
Ta = 25°C 


i pert: ee 
ATT 7 } AT 
Ay = 1000 

Gr Za0iaaiN a 
OP atl 
LUE Ul et LT 
100 1.0K 10K 100K 1.0M 
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz) 


N 
co] 
o 


Igc, OUTPUT SHORT CIRCUIT CURRENT (mA) 


FIGURE 11 — OUTPUT VOLTAGE SWING 
versus FREQUENCY FIGURE 12 — OUTPUT DISTORTION versus FREQUENCY 
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FIGURE 15 — NORMALIZED GAIN BANDWIDTH PRODUCT FIGURE 16 — OUTPUT VOLTAGE OVERSHOOT versus 
versus TEMPERATURE LOAD CAPACITANCE 
13 1 100 + 
Vec = +15V Vcc = +15V 
12 Vee = —15V Vee = —15V 


AVin = 100 mVp. 
-10V<Vgo< +10V 


null eG I 

40 
a ea ae 
Lrft tT | TE TT 
Cee tie et 


o 
wo 


GBW, GAIN BANDWIDTH PRODUCT (NORMALIZED) 
Ss 
Vos, OUTPUT VOLTAGE OVERSHOOT (%] 


0.8 
07 ge oe ee Oh 
— 55 - 2 0 25 50 75 100 125 10 100 1,0K 
Ta, AMBIENT TEMPERATURE (°C) C,, LOAD CAPACITANCE (pF) 
FIGURE 17 — PHASE MARGIN versus LOAD CAPACITANCE FIGURE 18 — GAIN MARGIN versus LOAD CAPACITANCE 
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FIGURE 19 — PHASE MARGIN versus TEMPERATURE FIGURE 20 — GAIN MARGIN versus TEMPERATURE 
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FIGURE 22 — COMMON MODE REJECTION versus 
FREQUENCY 
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FIGURE 21 — NORMALIZED SLEW RATE 
versus TEMPERATURE 
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FIGURE 23 — INPUT NOISE VOLTAGE versus FREQUENCY 
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FIGURE 25 — POWER SUPPLY REJECTION 
versus FREQUENCY 
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FIGURE 24 — POWER SUPPLY REJECTION 
versus TEMPERATURE 
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SUPPLY VOLTAGE (VOLTS) 


CHANNEL SEPARATION (dB) 


MC34181,2,4, MC35181,2,4, MC33181,2,4 


FIGURE 27 — CHANNEL SEPARATION versus FREQUENCY FIGURE 28 — TRANSIENT RESPONSE 
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FIGURE 29 — SMALL SIGNAL TRANSIENT RESPONSE 
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mz SEMICONDUCTOR yyy 
TECHNICAL DATA 


VIDEO AMPLIFIER 


SILICON MONOLITHIC 
DIFFERENTIAL TWO STAGE VIDEO AMPLIFIER INTEGRATED CIRCUIT 


The SE/NE592 is a monolithic, two stage, differential output, 
wideband video amplifier. It offers fixed gains of 100 and 400 with- 
out external components and adjustable gains from 400 to O with 
one external resistor. The input stage has been designed so that with 
the addition of a few external reactive elements between the gain 
select terminals, the circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit ideal for use as a video 
or pulse amplifier in communications, magnetic memories, display 
and video recorder systems. The 592 is a pin-for-pin replacement for 
the MC1733. 


H SUFFIX 
METAL PACKAGE 
CASE 603 


@ 90 MHz Bandwidth 


G2p Gain Select (3) @) (5) VEE 


G1g Gain Select 
@ Adjustable Pass Band (Top View) 


@ Adjustable Gains From 0 to 400 


*Pin 5 connected to case 
@ No Frequency Compensation Required 


14 é - 
14 1 
1 


D SUFFIX 


N SUFFIX PLASTIC PACKAGE 
PLASTIC PACKAGE CSE 751A 


CIRCUIT SCHEMATIC CASE 646 (SO-14) 


PIN CONNECTIONS 


Gain Gain 
Select Select 


Gain 
Select 


(Top View) 


ORDERING INFORMATION 


| Device _| Temperature Range 


NE592D SO-14 
NE592N 0 to 70°C Plastic DIP 
NE592H Metal Can 


SE592H —85 to +125°C 
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NE592, SE592 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Operating Ambient Temperature Range 
SE592 -55 to +125 
NE592 0 to +70 


Operating Junction Temperature Range 
Metal and Ceramic Packages 
Plastic Package 
Storage Temperature Range 
Metal and Ceramic Packagee -65 to +150 
Plastic Package -55 to +125 


Differential Voltage Gain — Figure 3 
(RE = 2k, egyt = 3 Ve-P) 
(Gain 1, Note 1) 
(Gain 2, Note 2) 
Bandwidth — Figure 3 
(Gain 1, Note 1) 
(Gain 1, Note 2) 
Rise Time — Figure 3 
(Gain 1, egy = 1 Vp-p, Note 1) 
(Gain 2, e9yy = 1 VP-P, Note 2) 


Propagation Delay — Figure 3 
(Gain 1, egy = 1 Vp-p, Note 1} 
{Gain 2, eoyt = 1 VP-P, Note 2) 


x 
+e) 


Input Resistance 
(Gain 1, Note 1) 
(Gain 2, Note 2) 20 

Input Capacitance 
(Gain 2, Note 2) 


Input Offset Current (Gain 3, Note3)—Fig.2/ ig 


Elo 
Pin 


Input Bias Current (Gain 3, Note 3)— Fig. 2 


Input Noise Voltage (Gain 1 and Gain 2) 
(BW = 1 kHz to 10 MHz) — Figure 1 


Common-Mode Rejection Ratio — Figure 3 CMRR 
(Gain 2, Vom = £1V, £100 kHz) 
(Gain 2, Vom = £1 V, f = 5 MHz) 

Supply Voltage Rejection Ratio — Figure 2 PSRR 
(Gain 2, d Vg= +39.5 V) : 


Output Offset Voltage — Figure 2 Vv 


(Gain 3, Ry =, Note 3) 


Output Common-Mode Voltage — Figure 2 Vcomo 
(RL = 2, Gain 3, Note 3) 


J 
Sle 
< < < ay 
3 > 
2 


1.0 
50 
4 
Output Voltage Swing — Figure 3 Vo 
(RL = 2k, Gain 2, Note 2) 


Output Resistance 


Power Supply Current — Figure 2 
(RL =~, Gain 2, Note 2) 


Note 1. Gain select pins G1a and G1g connected together. 


+ 
2 
3 


0 


Cin 
Vn 
Input Voltage Range (Gain 2, Note 2)— Fig. 3 
oOo 
fo 


EB 


Note 2. Gain select pins G2~a and G2g connected together. 
Note 3. All gain select pins open. 
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NE592, SE592 


ELECTRICAL CHARACTERISTICS Ta = Thigh to Tlow unless otherwise noted.* (Vcc = +6.0 Vdc, Veg = -6.0 Vde, Vem = 9) 


Characteristic 


Differential Voltage Gain — Figure 3 
(Ry =2k2, egyy = 3 Vp-p) 
(Gain 1, Note 1) 
(Gain 2, Note 2) 


Input Resistance (Gain 2) 
Input Offset Current (Gain 3) — Figure 2 


Input Bias Current (Gain 3) — Figure 2 


Input Voltage Range (Gain 2) — Figure 3 


Common-Mode Rejection Ratio — Figure 3 
(Gain 2, Vom = #1 V, f < 100 kHz) 
Supply Voltage Rejection Ratio — Figure 2 

(Gain 2,A V, = +05 V) 


Output Offset Voltage (Gain 3) — Figure 2 
Output Voltage Swing (Gain 2) — Figure 3 
Power Supply Current (Gain 2) — Figure 2 


*Tlow = 0°C for NE592, -55°C for SE592 
Thigh = +70°C for NE592, +125°C for SE592 


GENERAL TEST CIRCUITS 
FIGURE 1 


HP 3400A 
or Equiv. 


Gain 1 
e, (Differential Noise At Input) = egV/2 


400 
Gain 2 


Cn = egV2 


100 


FIGURE 2 FIGURE 3 


0.2 uF 


51 | a 
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NE592, SE592 


FIGURE 4 — GAIN 1 versus FREQUENCY FIGURE 5 — GAIN 2 versus FREQUENCY 


VOLTAGE GAIN 


VOLTAGE GAIN 


0 N 
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FIGURE 6 — OUTPUT VOLTAGE SWING ASA FIGURE 7 — OUTPUT VOLTAGE SWING AS A FUNCTION 
FUNCTION OF FREQUENCY OF LOAD RESISTANCE 
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o Qo 
| | < 
5 3.0 ita tt tt 5 30 
Oo Oo 
> > 
5 2.0— + tattHt = 2.0 
— = 
po) | — 
° 10 titi 24:9 
Lt titi 0 
1.0 5.0 ©6010 50-100 500 1000 10 ik 
FREQUENCY (MHz) LOAD RESISTANCE (QHMS) 


FIGURE 8 — VOLTAGE GAIN AS A FUNCTION OF 
Ragj RESISTANCE 


VccVer = *6.0 V 
f = 100 kHz 


OIFFERENTIAL VOLTAGE GAIN (V/V) 


= “1.0 10 100 1k 10k 100k 1M 
Vg=#6.0V Ta= 25°C Ragj (OHMS) 
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NE592, SE592 


FIGURE 9 — DISK/TAPE PHASE MODULATED 
READBACK SYSTEMS 


AMPLITUDE: 1~—10 mV p-p 
FREQUENCY: 1-4MHz |! lL 


NE/SE529 


6 


IH 


| = 
READ HEAD | DIFFERENTIATOR/AMPLIFIER 


ZERO CROSSING DETECTOR 


FIGURE 10 — DIFFERENTIATION WITH HIGH COMMON 
MODE NOISE REJECTION 


+6.0 V 
O 


O 
6.0V e 


FOR FREQUENCY fy <<1/2 7 (32) C 


Yo = 1.4x 104c at 


FIGURE 11 — FILTER NETWORKS 


BASIC CONFIGURATION 


FILTER vg (s) TRANSFER 


Z NETWORK 


TYPE vy (s) FUNCTION 
1.4 x 104 1 
4 : 1.4 x 104 s 
vo (s) _ 1.4.x 10 High Pass a 3+ 17RC 


v1 (3) 2(s) + 2rg 


L3 
[ 3? + A/Lst ze] 


Band Reject 


1.4 x 104 
Z(s) + 32 


1.4 x 104 s2 + 1/LC ] 
R s2 + 1/LC + s/RC 


NOTE: 
In the networks above, the R vatue used is assumed 
to include 2 re, or approximately 30 Ohms. 
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TECHNICAL DATA 


ULTRA-LOW NOISE PRECISION, HIGH SPEED 
OPERATIONAL AMPLIFIER 


The OP-27 series of monolithic operational amplifiers combine 
low-noise, precision dc performance and high bandwidth in one 
device. Advanced Bipolar processing and innovative design tech- 
niques are used to produce this low noise precision operational 
amplifier. This device is trimmed for extremely low initial input 
offset voltage by utilizing a highly stable and reliable zener zap 
technique during factory testing which yields guaranteed Vio lim- 
its as tight as 25 wV. A unique input bias current cancellation 
scheme maintains low lp and lio to typically +20 nA and 15 nA 
respectively over the full military temperature range. Other 
sources of input errors are reduced in excess of — 120 dB due to 
extremely high common mode and power supply rejection ratios. 
The OP-27 has a gain bandwidth product of 8.0 MHz and slew 
rate of 2.8 V/us. 

The precision, low noise and high speed characteristics of this 
device makes it ideal for amplifying transducer signals, RIAA 
phono, NAB tape head and microphone preamplifiers, wide band 
instrumentation amplifiers and high speed signal conditioning for 
data acquisition systems. 


@ Extremely Low-Noise — 3.0 nV/VHz at 1.0 kHz 
80 nVp-p, 0.1 Hz to 10 Hz 


@ Low Initial Input Offset Voltage — 10 nV 
Uitra Stable Input Offset Voltage — 0.2 nV/mo. 


High Gain Bandwidth Product and High Slew Rate — 8.0 MHz, 
2.8 Vins 


High Open-Loop Gain — 1.8 Million 
High Common-Mode Rejection — 126 dB 


ORDERING INFORMATION 


Device 


Temperature 
Range 


Package 


Slew Rate Vio = 60 nV | Vio < 100 pV 
OP-27BZ OP-27CZ 


—55 to + 125°C 
—25 to +85°C 


Ceramic DIP 


OP-27GP Oto +70°C 


217 Vins OP-27FZ OP-27GZ 
OP-27FP 


Ceramic DIP 
Plastic DIP 


ULTRA-LOW NOISE 
PRECISION, HIGH SPEED 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


il 


Z SUFFIX 
CERAMIC PACKAGE 
CASE 693 


PIN CONNECTIONS 


Offset Null | 8) Offset Null 


(Top View) 
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OP-27 


MAXIMUM RATINGS 


Rating Symbol Value Unit 
Supply Voltage Vcc +22 Vv 
VEE 22 

Input Voltage Range (Note 1) VIDR 
Differential Input Voltage (Note 2) Vip +0.7 Vv 
Differential input Current (Note 2) lip +25 mA 
Output Short-Circuit Duration Indefinite 
Power Dissipation and Thermal Characteristics 

Plastic Package (P Suffix) Ta = +36°C 500 mw 

Derate above Ta = +75°C 1/ReJA 6.7 mWw/°C 
Ceramic Package (Z Suffix) Ta = +75°C | Pp | 500 mW 
Derate above Ta = +80°C VROJA 7.1 mWw/rc 

Operating Ambient Temperature TA °C 

A,B and C Grades ~55 to +125 

F and G Grades 

(Ceramic Package) —25 to +85 

FP and GP Grades 

L (Plastic Package) Oto +70 | 

Junction Temperature Tr + 150 °C 
Storage Temperature Range Tstg °C 

Ceramic Package —65 to +150 

Plastic Package ~65 to +125 

NOTES: 


1. For supply voltages less than + 22 V, the absolute maximum input voltage range is equal 
to the supply voltage. 

2. The inputs are protected by back-to-back diodes. Current limiting resistors are not used 
in order to achieve low noise. If differential input voltage exceeds =0.7 V, the input current 
must be limited to 25 mA. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = +25°C unless otherwise noted) 


OP-27B/F/FP OP-27C/G/GP 
Characteristic Symbol Min Typ Max Min Typ Max Unit 


i 
Input Offset Voltage Vio _— 20 60 —_ 30 100 pV 
| Long Term Input Offset Voltage Stability (Note 3) Vio't | — 0.3 1.5 — 0.4 2.0 uV/mo 
12 


Input Offset Current lo —_— 9.0 50 — 


Input Bias Current 1B _— +12 +55 _— +15 +80 nA 
| — 09 


Input Noise Voltage 0.1 to 10 Hz (Note 4) €np-p 0.08 0.18 — 0. 0.25 | pVp-p 
——- 
Input Noise Voltage Density (Note 4) en iit. nv/\/Az 
fo = 10 Hz _ 3.5 5.5 —_— 3.8 8.0 
fo = 30 Hz — 3.1 4.5 —_ 3.3 5.6 
fo = 1000 Hz — 3.0 3.8 —t 3.2 4.5 
fear Noise Current Density (Note 4) in | pA/V/Hz 
fo = 10 Hz —_ 1.7 4.0 _ 1.7 _ 
fo = 30 Hz Some es aes > ee ee | a 
fo = 1000 Hz — 0.4 0.6 _ 0.4 0.6 


Input Resistance — Differential Mode rj 1.2 | 5.0 | — | 0.8 4.0 
Input Resistance — Common Mode | Rinem | — | 26 | — | — | 20 | — | ca 


| Input Voltage Range VIR [+11 | +123 _ #11 | +12.3 — Vv 
(continued) 
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OP-27 


ELECTRICAL CHARACTERISTICS (continued) (Vcc = +15 V, Veg = ~15V, Ta = +25°C unless otherwise noted) 
OP-27B/F/FP OP-27C/G/GP 


Characteristic | Symbol 
Common Mode Rejection Ratio CMRR 
Vem = +£11V 


Power Supply Rejection Ratio 
Vec/VEE = +4.0Vto +18V 


Large-Signal Voltage Gain 


RL = 2.0k9, Vg = +10V 
RL = 1.0k9, Vo = +10V 
RL = 6009, Vg = +1.0V, 


Vec/VEeE = +4.0V to +18 V 


Output Voltage Swing 
RL = 2.0 kQ 
R, = 600 


Slew Rate, RL = 2.0 kQ 
Gain Bandwidth Product 


Open Loop Output Resistance 
Vo =0,lo = 0 


Power Dissipation 
Vo = 0, No Load 
Offset Adjustment Range 
Rp = 10 kQ 
NOTES (continued): 


3. Long term input offset voltage stability for the OP-27 series, refers to the average trend line of Vic versus time over extended periods after the 
first 30 days of operation. Exctuding the first hour of operation, changes in Vig during the first 30 days are typically 2.5 pV. 
4. Sample tested. 


ELECTRICAL CHARACTERISTICS (Vcc = +15V, Veg = -15V, Ta = Tow to Thigh [Note 5]) 


Characteristic 


input Offset Voltage 


Average Input Offset Drift 
(Note 6) 


Input Offset Current 


Input Bias Current 


Input Voltage Range 


Common Mode Rejection Ratio 
VcmM = +10V 


Power Supply Rejection Ratio 
Vcc/VeE = +45 V to +18V 


Large-Signal Voltage Gain 
RL = 2k, Vg = +10 V 


Output Voltage Swing 


VimV 


RL = 2 ko 
NOTES (continued): 
5. Tlow = —55°C for OP-278 Thigh = + 125°C for OP-27B 
OP-27C OP-27C 
= —25°C for OP-27F = +865°C for OP-27F 
OP-27G OP-27G 
= 0°C for OP-27FP = +70°C for OP-27FP 
OP-27GP OP-27GP 


6. TCVig performance is within specifications unnulled or when nulled with a potentiometer Rp = 8.0 kf. to 20 ki. 
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OP-27 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = Tiow to Thigh [Note 5]) 
OP-27F/FP OP-27G/GP 
Characteristic Symbol Min Typ Max 


| 
< 
] 
Cc 
3. 
- 


Input Offset Voltage 
Average Input Offset Drift (Note 6) 
input Offset Current 


Input Voltage Range ViR +10.5} +11. 


Common Mode Rejection Ratio 
VcmM = +10V 


Power Supply Rejection Ratio 


nN 

N 

—] 
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3 /< 
oO 
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feo} 
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wo 
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No 
or 
o 
= 
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Vec/VEE = +45Vto +18V 
Large-Signal Voltage Gain AVOL 450 1000 V/mvV 
Ri 2 2.0 kO, Vg = +10V 
Output Voltage Swing Vo £11.4) +135) — +11 | +133 Vv 
Rx, 2 2.0 kQ 
NOTES (continued): 
5. Tlow = — 55°C for OP-27B Thigh = + 125°C for OP-27B 
OP-27C OP-27C 
= —25°C for OP-27F = +85°C for OP-27F 
OP-27G OP-27G 
= 0°C for OP-27FP = +70°C for OP-27FP 
OP-27GP OP-27GP 
6. TCVic¢ performance is within specifications unnulied or when nulled with a potentiometer Rp = 8.0 kf} to 20 kQ. 
ABBREVIATED CIRCUIT SCHEMATIC 
Offset Null 
"_— 
O 
Vcc 
Non- O Output 
Inverting 
Input (+) 
Inverting 
Input (—) 


*R1 & R2 are trimmed 
at wafer test for minimum 
offset voltage. 
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OP-27 


TYPICAL CHARACTERISTICS 


FIGURE 1 — VOLTAGE NOISE TESTER GAIN FIGURE 2 — VOLTAGE NOISE TEST CIRCUIT 
versus FREQUENCY (0.1 Hz-TO-10 Hz) 


100 


0.1 pF 
= 0 22 wF 
= Scope 
= x1 
Pd Rin = 1. 
ey i 10 2 2.2 pF | Rin = 1.0MQ 
ww Time of 10 
re ie 
td 
3 Op-27 “7 HF 110 ko 
> £ DUT. 1 
3 Voltage Gain ; = 
3 = 50,000 24.3 kQ 
> 
30 Li , . 4 
0.01 0.1 1.0 10 700 Note: All capacitor values are for 


nonpolarized capacitors only. 


f, FREQUENCY (Hz) 


FIGURE 4 — INPUT WIDEBAND VOLTAGE NOISE versus 
FIGURE 3 — VOLTAGE NOISE versus FREQUENCY BANDWIDTH (0.1 Hz TO FREQUENCY INDICATED) 
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VOLTAGE NOISE (nV/V/Az) 


VOLTAGE NOISE (uVpms) 
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FIGURE 8 — CURRENT NOISE versus FREQUENCY 


FIGURE 7 — VOLTAGE NOISE versus SUPPLY VOLTAGE 
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INPUT BIAS CURRENT versus TEMPERATURE 


FIGURE 10 — 


FIGURE 9 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 12 — COMMON MODE INPUT RANGE 


versus SUPPLY VOLTAGE 


INPUT OFFSET CURRENT versus TEMPERATURE 


FIGURE 11 — 
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FIGURE 13 — OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 
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FIGURE 15 — MAXIMUM OUTPUT SWING 
versus RESISTIVE LOAD 


uv 
Oo 
“2 
= 
oO 
1" 
VY \y 
NAT I 
aw 
A 
Cn 


tive [| [det SMBS 
sek otc 
PAR peel TP CT 
LAA | Set Tt 
ZA El ee el 
ie as | 


Vo, OUTPUT SWING (V) 
co 
Ss 


Hs agar mal anid 
scqucpa BO 
BEE ee 


Ri, LOAD acaerie (kQ) 


FIGURE 17 — COMMON MODE REJECTION RATIO 
versus FREQUENCY 
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FIGURE 14 — OPEN LOOP VOLTAGE GAIN 
versus LOAD RESISTANCE 
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FIGURE 16 — POWER SUPPLY REJECTION RATIO 
versus FREQUENCY 


Pspp, POWER SUPPLY REJECTION RATIO (dB) 
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FIGURE 18 — OPEN LOOP GAIN versus FREQUENCY 
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PEAK-TO-PEAK OUTPUT VOLTAGE (V) 


OP-27 


FIGURE 19 — MAXIMUM UNDISTORTED OUTPUT 
versus FREQUENCY 
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FIGURE 20 — SMALL-SIGNAL TRANSIENT RESPONSE 


t, TIME (500 ns/DIV) 
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FIGURE 21 — LARGE-SIGNAL TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 


The designer is cautioned that stray thermoelectric 
voltages generated by dissimilar metals at the contacts 
to the input terminals can prevent realization of the drift 
performance indicated. Best operation will be obtained 
when both input contacts are maintained at the same 
temperature, preferably close to the temperature of the 
device’s package. 


OFFSET VOLTAGE ADJUSTMENT 


The input offset voltage and drift over temperature 
are permanently trimmed at wafer testing. However, if 
further adjustment of Vig is required, nulling with a 
10 kQ potentiometer as shown in Figure 22 will not 
degrade TCVio¢. Other potentiometer values from 1.0 kN 
to 1.0 MQ can be used with a slight degradation (0.1 to 
0.2 wV/°C) of TCVig. Trimming to a value other than 
zero creates a drift of (VijQ/300) nV/°C, e.g. if Vic is 
adjusted to 100 nV, the change in TCVjg will be 0.33 
BuV/C. The offset voltage adjustment range with a 10 kX. 
potentiometer is +4.0 mV. Ifa smaller adjustment range 
is required, the sensitivity and/or resolution of the null- 
ing can be increased by using a smaller pot in con- 
junction with fixed resistors. 


FIGURE 22 — OFFSET NULLING CIRCUIT 


NOISE MEASUREMENTS 


The extremely low noise of these devices can make 
accurate measurement a difficult task. In order to realize 
the 80 nV peak-to-peak noise specification of the op amp 
in the 0.1 Hz to 10 Hz frequency range, the following 
guidelines must be observed: 


(1) The device has to be warmed up for at least five 
minutes. As the op amp warms up, its offset voitage 
changes typically 4.0 nV due to its chip temperature 
increasing 14 to 20°C from the moment the power 
supplies are turned on. In the 10 sec measurement 
interval these temperature-induced effects can eas- 
ily exceed tens of nanovolts. 


(2) For similar reasons, the device has to be well 
shielded from air currents to eliminate the possi- 
bility of thermoelectric effects in excess of several 
nanovolts. 
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(3) Sudden motion in the vicinity of the device can the op amp and the source resistance of the generator. 
also “feed-through” to increase the observed noise. With Re = 500 O, the output is capable of handling the 

(4) The test time to measure 0.1 Hz to 10 Hz noise current requirements (IL < 20 mA at 10 V) and the ampli- 
should not exceed 10 sec. As shown in the noise fier stays in its active mode and a smooth transition will 
tester frequency response curve (Figure 1) the 0.1 eeure 
Hz conieris defined ty only one Be The oat time As with all operational amplifiers when Rp > 2.0 kf, 
of 10 sec acts as an additional zero to eliminate noise a pole will be created with Rr and the amplifier’s input 
contributions from the frequency band below 0.1 capacitance (8.0 pF), creating additional phase shift and 
Hz. reducing the phase margin. A small capacitor (20 to 50 


pF) in parallel with Re will eliminate this problem. 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10 Hz 
noise-voltage density measurement will correlate well 
with a 0.1 Hz-to-10 Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 


FIGURE 23 — PULSED OPERATION 


UNITY GAIN BUFFER APPLICATIONS 


When Rr = 100 2 and the input is driven with a fast, 
large signal pulse (> 1.0 V), the output waveform will 
look as shown in Figure 23. 

During the initial fast input step, the input protection 
diodes effectively short the output to the input and cur- 
rent limit only by the output short circuit protection of 
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m=z SEMICONDUCTOR oy 
TECHNICAL DATA 


Advance Information 


DUAL POWER 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
DUAL POWER OPERATIONAL AMPLIFIER INTEGRATED CIRCUIT 


The TCA0372 is a monolithic circuit intended for use as a power 
Operational amplifier in a wide range of applications, including 
servo amplifiers and power supplies. No deadband crossover dis- 
tortion provides better performance for driving coils. 


@ Output Current to 1.0A 

© Slew Rate of 1.3 Vins Sie qe nee ce 
@ Wide Bandwidth of 1.1 MHz CASE 648 

@ Internal Thermal Shutdown 

@ Single or Split Supply Operation 


@ Excellent Gain and Phase Margins DP1 SUFFIX 
@ Common Mode Input Includes Ground PLASTIC PACKAGE 
@ Zero Deadband Crossover Distortion ASE B20 


PIN CONNECTIONS 


(Top View) 


SIMPLIFIED BLOCK DIAGRAM 


Current 
Bias 
Monitoring 


Output 


ORDERING INFORMATION 


Operating Junction 
Temperature Range; Package 


Thermal 
= Protection 


TCA0372DP1 Ty = —40°C to | Plastic DIP 
TCA0372DP2 + 125°C Plastic DIP 
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MAXIMUM RATINGS 


[Rating ———SSSC* Symbol] Vatu 
Supply Voltage (from Vcc to Veg) | vs | 40 | 
Input Differential Voltage Range VIDR | (Note 1) | Volts 


Vs 
+128 
Foc OutputCurent —SSSCSC*=“—*‘“*~dCSt SCC 
[Peak Output Current (Nonrepettive) | Imax | A 


DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15 V, Ri connected to ground Tj = Tlow to Thigh (Note 3) 
unless otherwise noted) 


Input Offset Voltage (Vom = 0) 
Vcc = +15V, Vee = —19V, Ty = +25°C 
Vcc = +15V, Veg = —15V, Ty = Tlow to Thigh 


Average Temperature Coefficient of Offset Voltage 
input Bias Current (Von = 0) 
Input Offset Current (Von = 0) 


Large Signal Voltage Gain 
Vo = +10V,R, = 2.0k 


Output Voltage Swing (IL = 100 mA) 
Vcc = +15V, Veg = -—15V, Ty = +25°C 
Vcc = +16 V, Vee = —15V, TJ = Tlow to Thigh 


Vcc = +15 V, Veg = -16V, Ty = 


Vec = +15V, Veg = —-16V, Ty = 


Output Voltage Swing (IL = 1.0 A) 
Vec = +24V, Veg = OV, Ty = 
Vec = +24V, VEE = OV, TJ = Tlow to Thigh 


Vcc = +24V, Veg = OV, Ty = +25°C 
Vcc = +24V, Vee = OV, Ty = Tlow to Thig 
Input Common Mode Voltage Range 
Ty = +25°C Veg to (Vcc — 1.0) 
TJ = Tlow to Thigh Veg to (Vcc — 1.3) 


Common Mode Rejection Ratio (Rg = 10 k) 


Power Supply Rejection Ratio (Rg = 100 9) 


Power Supply Current 
Vec = +15V, VEE = = +256°C 
Vcc +15 V, Veg = Tlow to Thig 
NOTES: 
1. Either or both input voltages must not exceed the magnitude of Vcc or VEE. 
2. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not exceeded. 
3. Tlow = —40°C Thigh = + 125°C 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, RL connected to ground, Ty = +25°C 
unless otherwise noted) 


Slew Rate (Vi, = —10 Vto +10 V, RL = 2.0k, C_ = 100 pF) 

Ay = —1.0, Ty = Tiow to Thigh 

Gain Bandwidth Product (f = 100 kHz, CL = 100 pF, Rp = 2.0 k) 
ae 25°C 

= Tlow to Thigh 


aa Margin TJ = Tiow to Thigh 
RL = 2.0 k, C_ = 100 pF 
Gain Margin 
Ru = 2.0k, CL = 100 pF 


Equivalent Input Noise Voltage 
Rg = 100 Ohms, f = 1.0 kHz to 100 kHz 


Total Harmonic Distortion 
Av = —1.0, RL = 50 Ohms, Vo = 0.5 VRMS, f = 1.0 kHz 


NOTE: In case Veg is disconnected before Vcc, a diode between Veg and GROUND is recommended to avoid damaging device. 


FIGURE 1 — BIDIRECTIONAL DC MOTOR CONTROL WITH 
MICROPROCESSOR-COMPATIBLE INPUTS 


Vcc 
) 


Vs = Logic Supply Voltage 
Must Have Vcc > Vs 
E1, E2 = Logic Inputs 


FIGURE 2 — BIDIRECTIONAL SPEED CONTROL 
OF DC MOTORS 


te Pe 2R3 + R1 
For circuit stability ensure that R, > Ry where 
M 
Ry = internal resistance of motor. The voltage avail- 
able at the terminals of the alas is: 


VM = 2 (V4 - “s) + |Rol* Im 


2R3 + RI 


A and Iy is the motor current. 
x 


where [Rol = 


10 k 


10 k 10 k 

THERMAL INFORMATION This must be greater than the sum of the products of 
The maximum power consumption an integrated cir- the supply voltages and supply currents at the worst 

cuit can tolerate at a given operating ambient temper- case operating condition. 
ature, can be found from the equation: TJ(max) = Maximum operating junction temperature 
Ty(max) ~ TA as listed in the maximum ratings section. 
PD(TA) = Raja (TYP) TA = Maximum desired operating ambient 

temperature. 
Where: Pp(TA) = Power dissipation allowable at a RgJa(typ) = Typical thermal resistance junction to 

given operating ambient temperature. ambient. 
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TECHNICAL DATA 


LOW POWER JFET INPUT 
OPERATIONAL AMPLIFIER 


These JFET input operational amplifiers are designed for low 
power applications. They feature high input impedance, low input 
bias current and low input offset current. Advanced design tech- 
niques allow for higher slew rates, gain bandwidth products and 
output swing. The TLO61 device provides for the external null 
adjustment of input offset voltage. 

These devices are specified over the commercial, vehicular and 
military temperature ranges. The commercial and vehicular 
devices are available in Plastic dual in-line and SOIC packages. 
The military devices are available in Ceramic dual in-line 
packages. 

@ Low Supply Current — 200 »A/Amplifier 
@ Low Input Bias Current — 5.0 pA 

@ High Gain Bandwidth — 2.0 MHz 

High Slew Rate — 6.0 V/us 

High Input impedance — 1012 0 

Large Output Voltage Swing — +14 V 


Output Short Circuit Protection 


ORDERING INFORMATION 


Op Amp Tested 
Function Device 


Temperature Range 
TLO61CD, ACD 


TLO61CP, ACP 


TLO61VD 
TLO61VP 


TLOGIMJG 


TLO62CD, ACD 
TLO62CP, ACP 
TLO62VD 
TLO62VP 


So-8 
Plastic DIP 
SO0-8 
Plastic DIP 
Ceramic DIP 
SO-8 
Plastic DIP 
SO0-8 
Plastic DIP 
Ceramic DIP 


SO-14 
Plastic DIP 


SO-14 
Plastic DIP 


Ceramic DIP 


0 to +70°C 


—40 to + 85°C 


—55 to + 125°C 


Oto +70°C 


—40 to +85°C 
TLO62MJG 


TLO64CD, ACD 
TLO64CN, ACN 


TLO64VD 
TLO64VN 


TLO64MJ 


—55 to + 125°C 


Oto +70°C 


—40 to +85°C 


—55 to + 125°C 


LOW POWER 
JFET INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


om 


P SUFFIX JG SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 CASE 693 


D SUFFIX 
mk 


PLASTIC PACKAGE 
Offset Null [J 


CASE 751 
(SO-8) 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646 


J SUFFIX 
CERAMIC PACKAGE 
CASE 632 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 


(Quad, Top View) 
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TLO61, TLO62, TLO64 


MAXIMUM RATINGS 
SS, ; oes 
Rating Symbol Value Unit 
| Supply Voltage (from Vcc to Veg) Vs oh +36 Vv 
Input Differential Voltage Range (Note 1) ae VIDR +30 Vv 
+ 
Input Voltage Range (Notes 1 and 2 Vv +15 Vv 
p g ge ( ) IR L 
; Output Short-Circuit Duration (Note 3) ts Indefinite Seconds 
Tr 
Operating Junction Temperature (Note 3} Ty °C 
Ceramic Package + 160 
Plastic Package + 150 
Storage Temperature Range | Tstg °C 
Ceramic Package —65 to +160 
|___Plastic Package ~60 to +150 | 


NOTES: 
1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply or 15 volts, whichever is less. 
3. Power dissipation must be considered to ensure maximum junction temperature (Ty) is not exceeded. (See Figure 1.) 


EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER) 


*Null adjustment pins for 
TLO61 only. 


TLO61 input offset voltage 
null adjust circuit 


EE 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = 0°C to +70°C, unless otherwise noted) 


TLO61AC TLO61C 
TLO62AC TLO62C 
TLO64AC TLO64C 
aes 
Characteristic Symbol Min Typ 
Input Offset Voltage (Rg = 50, Vo = 0V) 
Ta = 25°C 


Ta = 0°C to +70°C 


Average Temperature Coefficient for Offset Voltage 
(Rg = 509, Vo = OV) 


Input Offset Current (Vc = 0 V, Vo = 0 V) 
Ta = 25°C 

Ta = 0°C to +70°C 

Input Bias Current (VcM = 0 V, Vo = 0 V) 
Ta = 25°C 

Ta = 0°C to +70°C 

Input Common Mode Voltage Range 

Ta = 25°C 
Large Signal Voltage Gain (Ry = 10 kQ, Vo = +10 V) 
Ta = 25°C 

Ta = 0°C to +70°C 

Output Voltage Swing (Ry = 10 kO, Vip = 1.0 V) 

Ta = 25°C 


Ta = 0°C to +70°C 


Common Mode Rejection 
(Rg = 509, Vom = VicR min, Vo = OV, Ta = 25°C) 


Power Supply Rejection 

(Rg = 500, Vom = OV, Vo = 0, Ta = 25°C) 
Power Supply Current (each amplifier) 

(No Load, Vg = OV, Ta = 25°C) 


Total Power Dissipation (each amplifier) 
(No Load, Vo = OV, Ta = 25°C) 
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DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V. Ta = Tlow to Thigh (Note 4), unless otherwise noted) 
— — ON auigh. © a 


TLO61M,V 
| TLO62M,V TLO64M,V | 
=F 
Characteristic Symbol {| Min | Typ | Max | Min | Typ | Max | Unit 
r red + 
Input Offset Voltage (Rg = 50 9, Vo = 0 V) VIO mv 
Ta = 25°C — | 30 | 60} — | 30 } 90 
TA = Tlow to Thigh die Eh eee | 9.0 _ el. 18 | 
Average Temperature Coefficient of Offset Voltage AVIQ/AT pViC 
(Rg = 500, Vg = 0V) io sot 10" _— 10 \ebemaias | 
Input Offset Current (Vc = 0 V, Vo = 0 V) Ho 
Ta = 25°C _ 5.0 100 _ 5.0 100 pA 
Ta = Tiow to Thigh LL lot mI —_ |_20 —_— _— | 20 L nA_| 
Input Bias Current (Vcyy = 0 V, Vo = 0 V) is} 
Ta = 25°C — 30 200 _ 30 200 pA 
Ta = Tlow to Thigh Le Seis 80 tp. | hs BO TA 
Input Common Mode Voltage Range (Ta = 25°C) VICR — j+14.5)+11.5) — |]+14.5/+11.5) V 
11.5 12 11.5) —12 _ 
eds a | | 
Large Signal Voltage Gain (RL = 10 kQ, Vg = +10 V) AVOL VmvV 
Ta = 25°C 4.0 58 _— 4.0 58 _ 
fs Ta = Tlow to Thigh I 4.0 Sele 4.0 — - — | 
Output Voltage Swing (RL = 10 kQ, Vip = 1.0 V} Vv 
Ta = 25°C Vo+ +10) +14) — | +10) +14; — 
Vo - — | -14] ~-10| — | -14] -10 
TA = Tiow to Thigh Vo+ | +10] — | — | +10} — | — 
Moya sce | eee ei es Uf ae 4 
Common Mode Rejection CMR dB 
(Rg = 500, Vem = Vicr min, Vo = OV, Ta = 25°C) . 
Power Supply Rejection PSR dB 
(Rg = 500, Vom = OV, Vo = OV, Ta = 25°C) 86 | — 
Power Supply Current (each Amplifier) ID pA 
(No Load, Vg = OV, Ta = 25°C) — | 200 | 250; — | 200 | 250 
Total Power Dissipation (each Amplifier) Pp mW 
(No Load, Vo = OV, Ta = 25°C) _ 6.0 | 7.5 — 6.0 | 7.5 
Note 4. TLO6XM Tigw = ~55°C Thigh = +125°C 
TLO6BXV Tiow = -40°C Thigh = +85°C 
AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15V, Ta = +25°C, unless otherwise noted) 
Characteristic | Symbol Min Typ Max | Unit 
Slew Rate (Vin) = —10 Vto +10 V, Rp = 10k, C_ = 100 pF, Ay = +1.0} \ SR ai 2.0 6.0 creer | Vips A 
Rise Time (Vin = 20 mV, RL = 10k, CL = 100 pF, Ay = +1.0) tr - 0.1 =~ us 
Overshoot (Vin = 20 mV, RL = 10 kO, CL = 100 pF, Ay = +1.0) Os _ 10 ee nM ee 
ml 
Settling Time ts BS 
(Vcc = +15 V, Veg = -15V, Ay = —1.0, To within 10 mV = 1.6 = 
RL = 10k, Vo = 0 V to +10 V step) To within 1.0 mV _ 2.2 _ 
Gain Bandwidth Product (f = 200 kHz) _| GBW i co 2.0 [ _— MHz 
Equivalent Input Noise (Rg = 100 0, f = 1.0 kHz) en _ 47 — [ava Hz 
—T 
Input Resistance Rj = 1012 =| 
Channel Separation (f = 10 kHz) >i cs — 120 — dB 


L 
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Pp. MAXIMUM POWER DISSIPATION (mW) 


TLO61, TLO62, TLO64 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — MAXIMUM POWER DISSIPATION versus 
TEMPERATURE FOR PACKAGE VARIATIONS 
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FIGURE 3 — OUTPUT VOLTAGE SWING 
versus TEMPERATURE 
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Vo, OUTPUT VOLTAGE SWING (Vp. 


Vo, OUTPUT VOLTAGE SWING [Vp.5] 
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Vec = +15V 
Vege = —15V 
RL = 10kQ 
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FIGURE 5 — OUTPUT VOLTAGE SWING 
versus FREQUENCY 
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f, FREQUENCY (Hz) 
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Vo, OUTPUT VOLTAGE SWING (Vp-p) 


Vo, OUTPUT VOLTAGE SWING (Vp.p) 


Avo, LARGE SIGNAL VOLTAGE GAIN (V/mV)} 


FIGURE 2 — OUTPUT VOLTAGE SWING 
versus SUPPLY VOLTAGE 
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FIGURE 4 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 6 — LARGE SIGNAL VOLTAGE GAIN 
versus TEMPERATURE 
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TLO61, TLO62, TLO64 


FIGURE 7 — OPEN-LOOP VOLTAGE GAIN FIGURE 8 — SUPPLY CURRENT PER AMPLIFIER 
AND PHASE versus FREQUENCY versus SUPPLY VOLTAGE 


Avo, OPEN-LOOP VOLTAGE GAIN (dB) 
ob, EXCESS PHASE (DEGREES) 
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FIGURE 9 — SUPPLY CURRENT PER AMPLIFIER FIGURE 10 — TOTAL POWER DISSIPATION 
versus TEMPERATURE versus TEMPERATURE 


Icc, SUPPLY CURRENT (A) 


Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 11 — COMMON-MODE REJECTION FIGURE 12 — COMMON-MODE REJECTION 
versus TEMPERATURE versus FREQUENCY 
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TLO61, TLO62, TLO64 


FIGURE 13 — POWER SUPPLY REJECTION 
versus FREQUENCY 
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FIGURE 15 — INPUT BIAS CURRENT 
versus TEMPERATURE 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 17 — SMALL SIGNAL RESPONSE 
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FIGURE 14 — NORMALIZED GAIN BANDWIDTH PRODUCT, 
SLEW RATE AND PHASE MARGIN versus TEMPERATURE 
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Vee = —15V 
RL = 10kQ 


¢ 
“phase Margin 


@m, NORMALIZED PHASE MARGIN 


Ta, AMBIENT TEMPERATURE (°C} 


FIGURE 16 — INPUT NOISE VOLTAGE versus FREQUENCY 
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@n, INPUT NOISE VOLTAGE (nviW/Hz 


Vo, OUTPUT VOLTAGE (5.0 V DIV) 
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FIGURE 18 — LARGE SIGNAL RESPONSE 


t, TIME (2.0 2s DIV) 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-365 
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FIGURE 19 — AC AMPLIFIER FIGURE 20 — HIGH-Q NOTCH FILTER 


O Output 
Input O 


R1 = R2 = 2R3 = 1.5 M0 
C1 = c2= 2 = 110 pF 
fis ce Foune 
0” 2nR1C1 


10k 10 kf 
0.1% 0.1% 


Input 
P © 


O Output 


Input BO 


10 kQ 10k 
0.1% 0.1% 


FIGURE 22 — 0.5 Hz SQUARE-WAVE OSCILLATOR 
Rp = 100 kQ 


Cr = 3.3 pF 


O Output B 


© Output C 
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MOTOROLA 


= SEMICONDUCTOR ox 
TECHNICAL DATA 


LOW NOISE, JFET INPUT 
OPERATIONAL AMPLIFIERS 


These low noise JFET input operational amplifiers combine 
two state-of-the-art linear technologies on a single monolithic 
integrated circuit. Each internally compensated operational 
amplifier has well matched high voltage JFET input devices for 
low input offset voltage. The BIFET technology provides wide 
bandwidths and fast slew rates with low input bias currents, 
input offset currents, and supply currents. Moreover, the devices 
exhibit low noise and low harmonic distortion making them ideal 
for use in high fidelity audio amplifier applications. 

These devices are available in single, dual and quad opera- 
tional amplifiers which are pin-compatible with the industry 
standard MC1741, MC1458, and the MC3403/LM324 bipolar 
products. 


Low Input Noise Voltage — 18 nV/VHz Typ 
Low Harmonic Distortion — 0.01% Typ 
Low Input Bias and Offset Currents 

High Input Impedance — 1012 9 Typ 

High Slew Rate — 13 V/us Typ 

Wide Gain Bandwidth — 4.0 MHz Typ 

Low Supply Current — 1.4 mA per Amp 


ORDERING INFORMATION 

Op Amp Temperature 

Function Device Range Package 
TLO71ACJG, CJG 0 to +70°C Ceramic DIP 
TLO71ACP, CP 
TLO72ACD, CD [| soe 
TLOV2ACJG, CJG Oto +70°C Ceramic DIP 
TLO72ACP, CP Plastic DIP 
TLO74ACJ, CJ Ceramic DIP 

0 to +70°C - 

TLO74ACN, CN Plastic DIP 


LOW NOISE, JFET INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


mt 


P SUFFIX JG SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 626 CASE 693 


D SUFFIX 
& PLASTIC PACKAGE 
a CASE 751 


: (SO-8) 


TLO71 
(Top View) 


Offset Null ne: NC 
Inv+ Input C] [) Vcc 
Noninvt Input a Output 
Vee i} Offset Null 


TLO72 
(Top View) 


Ph) Vcc 
a 


[] Output B 
ot Inputs B 


Output A 


14 
1 


N SUFFIX J SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 
CASE 646 CASE 632 
(TLO74 Only) (TLO74 Only) 


TLO74 (Top View) 
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TLO71, TLO72, TLO74 


MAXIMUM RATINGS 


TLO7_C 
Rating Symbol TLO7_AC 
Supply Voltage Vcc +18 
VEE —18 


Differential Input Voltage Vib 
Input Voltage Range (Note 1) VIDR +15 


Output Short-Circuit Duration ts Continuous 
(Note 2) 


Power Dissipation 
Plastic Package (N, P) Pp 
Derate above Ta = +47°C 
Ceramic Package (J, JG) 
Derate above Ta = +82°C 


Operating Ambient Temperature TA 
Range 


NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that power 
dissipation ratings are not exceeded. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —15V, Ta = +25°C unless otherwise noted) 


TLO7_C 
TLO7_AC 


Characteristic 


Input Offset Voltage (Rg = 10 k, Vem = 0) 
TLO71, TLO72 
TLO74 
TLO7_A 


Average Temperature Coefficient of AViQ/AT 
Input Offset Voltage 
Rg = 509, Ta = Tiow to Thigh (Note 3) 


Input Offset Current (Vcfy = 0) (Note 4) lio 
TLO7_ 
TLO7_A 


Input Bias Current (Vcfy = 0) (Note 4) 
TLO7_ 
TLO7_A 


Input Resistance 


Common Mode Input Voltage Range 
TLO7_ 
TLO7_A 


Large-Signal Voltage Gain 
(Vo = +10V, RL = 2.0k) TLO7_ 
TLO7_A 


Output Voltage Swing (Peak-to-Peak) 
(RL = 10k) 


Common Mode Rejection Ratio (Rg < 10 k) 
TLO7_ 
TLO7_A 


Supply Voltage Rejection Ratio (Rg < 10 k) 
TLO7_ 
TLO7_A 


Slew Rate (See Figure 1) SR _ 
Vin = 10 V, RL = 2.0k, Cy = 100 pF 


MOTOROLA LINEAR/INTERFACE DEVICES 


2-368 


TLO71, TLO72, TLO74 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = —18V, Ta = +25°C unless otherwise noted) 


Characteristic 
Rise Time (See Figure 1) 


Overshoot Factor 

Vin = 20 mV, RL = 2.0k, CL = 100 pF 
Equivalent Input Noise Voltage 

Rg = 100 9, f = 1000 Hz 
Equivalent Input Noise Current 

Rg = 100 0, f = 1000 Hz 


Total Harmonic Distortion 
Vo (RMS) = 10 V, Rg < 1.0k 
Ru = 2.0 k, f = 1000 Hz 


Channel Separation 
Ay = 100 


Characteristic 


Input Offset Voltage (Rg < 10k, Vc = 0) 
TLO71, TLO72 


TLO74 
TLO7_A 
Input Offset Current (Vcjy = 0) (Note 4) 
TLO7_ 
TLO7_A 
Input Bias Current (Vcpy = 0) (Note 4) 
TLO7_ 
TLO7_A 
Large-Signal Voltage Gain (Vo = +10 V, RL = 2.0 k) 
TLO7_ 
TLO7_A 
Output Voltage Swing (Peak-to-Peak) 
(RL = 10 k) 
(RL = 2.0 k) 
NOTES (continued): 
3. Tlow = 0°C for TLO71C, TLO71AC Thigh = +70°C for TLO71C, TLO71AC 
TLO72C, TLO72AC TLO72C, TLO72AC 


TLO74C, TLO74AC TLO74C, TLO74AC 


4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in Junction Temperature as shown in Figure 3. To maintain 
Junction Temperature as close to Ambient Temperature as possible, pulse techniques must be used during testing. 


TEST CIRCUITS 
FIGURE 1 — UNITY GAIN VOLTAGE FOLLOWER FIGURE 2 — INVERTING GAIN OF 10 AMPLIFIER 


Vo 


Cy = 100 pF 
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TLO71, TLO72, TLO74 


FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING 
versus TEMPERATURE versus FREQUENCY 


Vo, OUTPUT VOLTAGE SWING (Vp-p} 


100 1.0 k 10k 100 k 1.0M 10M 
f, FREQUENCY (Hz) 


FIGURE 5 — OUTPUT VOLTAGE SWING FIGURE 6 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus SUPPLY VOLTAGE 


PRR n ime meen 
veover= =v tittt f | | tt tl 


Ta = 25°C Ei eg ea een 


See Figure 2 om = 
errr 5 eae a 
ame ote ee eae 
MercRe iil MAR Baa 
| 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 
Vo, OUTPUT VOLTAGE SWING (Vp-p) 


[ees aed ee aa 
Cea (ea 
ee an ae i 
a a a a 
ie ae ee 
Dae ae ae 
a ie oe 
ae Se 


0.1 0.2 0.4 0.7 1.0 2.0 40 7.0 10 0 5.0 10 15 20 
Ry, LOAD RESISTANCE (kQ) Vcc. \Veel, SUPPLY VOLTAGE (+ V) 
FIGURE 7 — OUTPUT VOLTAGE SWING FIGURE 8 — SUPPLY CURRENT PER AMPLIFIER 
versus TEMPERATURE versus TEMPERATURE 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


0 5 50 7 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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AvoL, OPEN LOOP GAIN 


NORMALIZED SLEW RATE 


TLO71, TLO72, TLO74 


FIGURE 9 — LARGE-SIGNAL VOLTAGE GAIN AND 
PHASE SHIFT versus FREQUENCY 


100 10k «610k «100k 10M 10M 
f 


, FREQUENCY (Hz) 


FIGURE 11 — NORMALIZED SLEW RATE 
versus TEMPERATURE 


0 25 50 75 100 125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — LARGE-SIGNAL VOLTAGE GAIN 


versus TEMPERATURE 


1000 


100 


Ayo, VOLTAGE GAIN (VimV} 
TET 


SU TT U0 


_ 
oOo 


—-50 -2 0 2580 75 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 12 — EQUIVALENT INPUT NOISE VOLTAGE 


versus FREQUENCY 


VecNVee = +15 Vdc 
Ay = 10 

Rg = 1002 
Ta = 25°C 


€n, EQUIVALENT INPUT NOISE VOLTAGE (nV// Fz} 


0.01 0.05 0.1 05 1.0 5.0 10 
f, FREQUENCY (kHz) 


FIGURE 13 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 


THD, TOTAL HARMONIC DISTORTION (%) 


0.1 05 61.0 
{, FREQUENCY (kHz) 
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TLO71, TLO72, TLO74 


REPRESENTATIVE CIRCUIT SCHEMATIC 
{Each Amplifier) 


Output 


o Vcc 


Offset 
Null : 
(TLO71 


O VEE 


' 
\ 
| 
| 
| 
{ 
! 
I 
} 
i 
! 
| 
| 
I 
| 
| 
t 
| 
! 
y 
! 
{ 
1 
| 
| 
| 
| 
! 
! 
| 
\ 
| 
| 
I 
| 
| 
| 
' 
( 
| 
| 
| 
I 


| Bias Circuitry 
Common to All 
Amplifiers 
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1 
fo = s7ac = 950 Hz 
R= 2R1= 15M 

C1 
C= = 200 PE 


TLO71, TLO72, TLO74 


FIGURE 14 — AUDIO TONE CONTROL AMPLIFIER 


10 k 100 k 10k 


O Output 


Turn-Over Frequency = 1.0 kHz 
Bass Boost/Cut — +20 dB at 20 Hz 
Treble Boost/Cut — + 19 dB at 20 kHz 
100 k 


0.033 pF 


FIGURE 15 — HIGH O NOTCH FILTER 
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MOTOROLA 
TECHNICAL DATA 


= SEMICONDUCTOR EEE 


JFET INPUT OPERATIONAL AMPLIFIERS 


These low-cost JFET input operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic inte- 
grated circuit. Each internally compensated operational amplifier 
has well matched high voltage JFET input devices for low input 
offset voltage. The BIFET technology provides wide bandwidths 
and fast slew rates with low input bias currents, input offset cur- 


rents, and supply currents. 


These devices are available in single, dual and quad operational 
amplifiers which are pin-compatible with the industry standard 
MC1741, MC1458, and the MC3403/LM324 bipolar products. De- 
vices with an ‘’M” suffix are specified over the military operating 
temperature range of ~—55°C to +125°C and those with a “’C” 


suffix are specified from 0°C to +70°C. 


® input Offset Voltage Options of 6.0, and 15 mV Max 


@ Low Input Bias Current — 30 pA 

® Low Input Offset Current — 5.0 pA 

@ Wide Gain Bandwidth — 4.0 MHz 

@ High Slew Rate — 13 V/us 

@ Low Supply Current — 1.4 mA per Amplifier 
@ High Input Impedance — 10172 0 

@ Industry Standard Pinouts 


ORDERING INFORMATION 


Op Amp 
Function 


Temperature 
Range 


TLO81ACD, CD 
TLO81ACJG, CJG 
TLO81ACP, CP 


‘ Oto +70°C 
Single 


Ceramic DIP 


TLO81MJG —55 to + 125°C 
TLO82ACD, CD 
TLO82ACJG, CJG 
TLO82ACP, CP 


TLO82MJG 


0 to +70°C 


Dual! 


—55 to + 125°C 


Plastic DIP 


TLO84ACJ, CJ 


0 to +70°C 


Ceramic DIP 
Ceramic DIP 


Quad TLO84ACN, CN Plastic DIP 
TLO84MJ —55 to + 125°C Ceramic DIP 


JFET INPUT 
OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


m AM 


P SUFFIX 
PLASTIC PACKAGE 


CASE 626 
D SUFFIX 


a PLASTIC PACKAGE 


ve CASE 751 
($O-8) 


JG SUFFIX 
CERAMIC PACKAGE 
CASE 693 


Offset Null (1 | NC 
Inv+ Input E} rl Vcc 
Noninvt Input a Output 


Veg 4 E) Offset Null 


TLO81 
(Top View) 


(Top View) 


J SUFFIX 
CERAMIC PACKAGE 
CASE 632 
(TLO84 Only) 


N SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(TLO84 Only) 


TLO84 (Top View) 
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TLO081, TLO82, TLO84 


MAXIMUM RATINGS 


TLO8_C 


Rating Symbol TLos_AC | Unit | 
Supply Voltage Vcc +18 Vv 


= 


Differential Input Voltage 


Input Voltage Range (Note 1) 


Output Short-Circuit Duration 
(Note 2) 


Power Dissipation 
Plastic Package (N, P) 
Derate above Ta = +47°C 
Ceramic Package (J, JG) 
Derate above Ta = +82°C 


Operating Ambient Temperature 
Range 


NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that power 
dissipation ratings are not exceeded. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15V, Ta = +25°C unless otherwise noted) 


TLO8_C 
TLO8_AC 


Characteristic Symbol 
Input Offset Voltage (Rg = 10 k, Vcm = 0) Vio mV 
TLO81, TLO82 
TLO84 
TLO8_A 
Average Temperature Coefficient of AVIO/AT pVIC 


Input. Offset Voltage 
Rs = 502, Ta = Tiow to Thigh (Note 3) 


Input Offset Current (Vc = 0) (Note 4) lo 


TLO8_ 
TLO8_A 


> 


Input Bias Current (Vcjy = 0) (Note 4) NB 
TLOS_ 400 
TLOB_A 200 
: am 
Input Resistance G 


ZU ao] 


Common Mode Input Voltage Range 
TLO8_ +11 
TLO8_A —_ 


Large-Signal Voltage Gain VimV 
(Vg = +10V, RL = 2.0k) TLO8_ 


TLO8_A 


Output Voltage Swing (Peak-to-Peak) Vo 
(Ri = 10 k) 


Common Mode Rejection Ratio (Rg < 10 k) 
TLO8_ 
TLO8_A 


Supply Voltage Rejection Ratio (Rg < 10 k) 
TLOS_ 
TLO8_A 


Supply Current (Each Amplifier) 
Unity Gain Bandwidth 


ind 
foe] 


= 
> 
w 
& 
N 
oo 


B a 
—_ 
ne 
} 
2\3 a 
< 
+ |> = 


| 
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TLO81, TLO82, TLO84 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = ~15V, Ta = +25°C unless otherwise noted) 


TLO8_C 
TLO8_M TLO8_AC 
Characteristic Min Typ Max Min Typ Max Unit 


Slew Rate (See Figure 1) SR 13 _ — 13 _ V/s 
Vin = 10 V, RL = 2.0k, Cy = 100 pF 
Rise Time (See Figure 1) tr P _ 0.1 — ps 
T Ce kine em Ca ] 
Overshoot Factor _ _ 10 — % 
Vin = 20 mV, Rp = 2.0 k, CL = 100 pF 


Equivalent Input Noise Voltage en — 25 _— nV/V/Hz 
Rg = 100, f = 1000 Hz 


Channel Separation 
Ay = 100 


120 _ — 120 _ dB 


TLO8_C 
TLO8_AC 


Characteristic 


Input Offset Voltage (Rg < 10k, Vc = 0) 
TLO81, TLO82 
TLO84 
TLO8_A 


Input Offset Current (Vcpy = 0) (Note 4) 
TLOS_ 
TLO8_A 


Input Bias Current (Vc = 0) (Note 4) 
TLO8_ 
TLO8_A 


Large-Signal Voltage Gain (Vg = +10 V, Ry = 2.0k) 
TLOs_ 
TLO8_A 


Output Voltage Swing (Peak-to-Peak) 
(RL = 10 k) 
(Ru = 2.0 k) 


NOTES (continued): 
3. Tlow = — 55°C for TLO81M, TLO82M, TLO84M Thigh = + 125°C for TLO81M, TLO82M, TLO84M 
= 0°C for TLO81C, TLO81AC +70°C for TLO81C, TLO81AC 
TLO82C, TLO82AC TLO82C, TLO82AC 
TLO84C, TLO84AC TLO84C, TLO84AC 


4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in Junction Temperature as shown in Figure 3. To maintain 
Junction Temperature as close to ambient temperatures as possible, pulse techniques must be used during test. 


TEST CIRCUITS 
FIGURE 1 — UNITY GAIN VOLTAGE FIGURE 2 — INVERTING GAIN OF 10 
FOLLOWER AMPLIFIER 


Vo 


CL = 100 pF 
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TLO81, TLO82, TLO84 


FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING 
versus TEMPERATURE versus FREQUENCY 


Vo, OUTPUT VOLTAGE SWING (Vp-p) 


a Kaa 
ey SESS 
[—-.+ | 
aa aaa h 
—50 -25 0 25 50 v:) 100 = 125 100 1.0k 10k 100 k 1.0M 10M 
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz) 
FIGURE 5 — OUTPUT VOLTAGE SWING FIGURE 6 — OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE versus SUPPLY VOLTAGE 


Vo, OUTPUT VOLTAGE SWING {Vp-p} 


Vp, OUTPUT VOLTAGE SWING (Vp-p) 


le ea ELSI 
ae 
(eee Reali 


eee eRe 
PE PT TATE ETT 
0.2 0 


0.1 0.4 0.7 1.0 2 4.0 7.0 10 0 5.0 10 15 20 
Ri, LOAD RESISTANCE (kQ2) Vcc. |Veg|, SUPPLY VOLTAGE ( + V} 
FIGURE 7 — OUTPUT VOLTAGE SWING FIGURE 8 — SUPPLY CURRENT PER AMPLIFIER 
versus TEMPERATURE versus TEMPERATURE 
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N 


Vo, OUTPUT VOLTAGE SWING (Vp-p} 
nN 
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Ta, AMBIENT TEMPERATURE (°C) 
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TLO81, TLO82, TLO84 


FIGURE 9 — LARGE-SIGNAL VOLTAGE GAIN AND FIGURE 10 — LARGE-SIGNAL VOLTAGE GAIN 
PHASE SHIFT versus FREQUENCY versus TEMPERATURE 
1 as See Sa 
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ee ae aa a a 
z a = el 
s ge a 
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fray Cr Ss 4 = 
3 ey es Ree es 
< = 2 SS 
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f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 11 — NORMALIZED SLEW RATE FIGURE 12 — EQUIVALENT INPUT NOISE VOLTAGE 
versus TEMPERATURE versus FREQUENCY 
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FIGURE 13 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 


Vv = 10 
= 6.0 V (RMS) 


THD, TOTAL HARMONIC DISTORTION (%) 


=F 
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f, FREQUENCY (kHz) 
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TLO81, TLO82, TLO84 


REPRESENTATIVE CIRCUIT SCHEMATIC 
{Each Amplifier) 


Output 


Offset 
Null 
(TLO81 
onl o 
" | Bias Circuitry VEE 
Common to All' 
Amplifiers 


TYPICAL APPLICATIONS 
FIGURE 14 — OUTPUT CURRENT TO VOLTAGE TRANSFORMATION 
FOR A D-TO-A CONVERTER 
Settling time to within “2 LSB (+ 19.5 mV) is approximately 
4.0 us from the time ali bits are switched. 


*The value of C may be selected to minimize overshoot 
and ringing (C = 68 pF). 


Theoretical Vo 
Vo = “tet (Ro) [At 82, £2, Aa AS AG AZ as | 


2°48 16 32° 64128. 256 


Adjust Vref, R1 or Ro so that Vo with all digital inputs at 
high level is equal to 9.961 volts. 


Vref = 2.0 Vde 
Ry = R2~1.0k0 
Ro = 


2°48 16 32 64 128 256 


Veg = -15V 
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TLO81, TLO82, TLO84 


FIGURE 15 — POSITIVE PEAK DETECTOR 


Reset OD *Polycarbonate or 
Polystyrene Capacitor 


FIGURE 16 — LONG INTERVAL RC TIMER FIGURE 17 — ISOLATING LARGE CAPACITIVE LOADS 


R2 5.1k 
R1 v1 R3 out 
VA TLO81 
+2.0 V 0.8 uf 
Run 0 5 
-20¥ a 
R5 *Polycarbonate or 
1. Polystyrene Capacitor @ Overshoot < 10% 
a e ts = 10 BS 
Time (t) = R4 Cén (Vp/VR — V1), Rg = Rg, Rs = 0.1 RE @ When driving large CL, the Vout slew rate is determined by CL 
If R1 = R2: t = 0.693 RAC and lout(max): 
Design Example: 100 Second Timer AV 0.02 
VR = 10V C = 1.0 uF R3 = R4 = 144M out _. Out — ——* Wiis = 0.04 V/us (with CL shown) 
R6 = 20k R5 = 2.0k R1 = R2 = 1.0k at cy OS sad k 


_ FIGURE 18 — VOLTAGE CONTROLLED CURRENT SOURCE 


R3 


R4 


if R1 through R4 >> R5 then lout = sa 
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In Brief... 


In most electronic systems some form of voltage reg- 
ulation is required. Yesterday the task of voltage reg- 
ulator design was tediously accomplished with discrete 
devices, and the results were quite often complex and 
costly. Today with bipolar monolithic regulators, this 
task has been reduced considerably. The designer now 
has a wide choice of fixed, low Vgiff, adjustable, and 


tracking series-type regulators. 

These devices incorporate many built-in protection 
features making them virtually immune to the cata- 
strophic failures encountered in older discrete designs. 

The Switching Power Supply continues to increase 
in popularity and is one of the fastest growing markets 
in the world of power conversion. They offer the 
designer several important advantages over that of lin- 
ear series-pass regulators. These advantages include 
significant advancements in the areas of size and 
weight reduction, efficiency, and the ability to perform 
voltage step-up and voltage-inverting. Motorola offers 
an ever increasing diverse portfolio of full featured 
switching regulator control circuits which meet the 
needs of today’s modern compact electronic 
equipment. 
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Power Supply Circuits 
Linear Voltage Regulators 


Fixed Output 


These low cost monolithic circuits provide positive and/or Although designed primarily as fixed voltage regulators, 


negative regulation at currents from 100 mA to 3.0 A. They these devices can be used with external components to ob- 
are ideal for on-card regulation employing current limiting and tain adjustable voltages and currents. 7 


thermal shutdown. Low Vgiff devices are offered for battery 
powered systems. 


Fixed-Voltage, 3-Terminal Regulators for Positive or Negative Polarity Power Supplies 


Tol.t Device Vin Regjine | Regioad 

Volts Negative Output | Min/Max mV mV Typ Suffix 
+0.5 LM2931-5.0 5.6/40 30 

MC78L05C MC79L05C 6.7/30 
+0.25 LM2931A-5.0 5.6/40 30 
MC78LO5AC MC79LOSAC 6.7/30 
750,10 LM2935 

+0.2 


Device 
Positive Output 


0 
= 
[oo 
a 
a 


7.0/35 
8.0/35 


MC7905C 
bd 
MTOR 

TL780-05C 


MC78TOSC 
MC78TOSAC 


#Ty = —40° to +125°C tOutput Voltage Tolerance for Worst Case *Ty = —55° to +150°C (continued) 


MC78M05C MC79M05C 
LM209 


LM309 
MC7805* 
MC7805B¥ 


ras 
=x 


0 


= 
o 
a 
fe | 
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Fixed Output Voltage Regulators (continued) 
Device Device 


Vout Tol.t 
Volts | Volts Positive Output {| Negative Output 


ee 


ee ESD 
P03 [500 | wcremoes 
McTe06C 


LM340-6 
OR A NET IED 


Package 


ad 
3 
a 


+0.8 
+0.4 
+0.3 
+0.4 


aa ee EE RE 
MC78LOBC 9.7/30 
MC78LOBAC 175 
| 500 | MC78Mo8C 10/35 100 =| ~t60 ~6©| 1.0 G,T 
1500 MC7808* 11.5/35 | kK 
MC7808B+ 
MC7808C MC7908C 10.5/35 
| 203 | MC7808AC 10.6/35 | 100 | 
LM140-8* 10.5/35 f Kk 
LM340-8 KT 
3000 MC78TOBC 10.4/35 | 30 | ot | 
PE REOEE RREE) ARS ee Ia SET feo ee eT EEE) CRE 
| +039 | 1500 | Mc7a09C 11.5195 ae a ae 
ES SARE) ES ere STE PEI. eI ET ee Sn P| 


1.2 100 MC78L12C MC79L12C 13.7/35 
+0.6 MC78L12AC MC79L12AC 
MC78M12C MC79M12C 14/35 100 


MC7812B# he 


+0.6 14.5/35 120 
#05 
+06 
+024 


+0.6 MC78T12C 14.5/35 
+0.5 MC78T12AC 18 


#Ty = —40° to + 125°C tOutput Voltage Tolerance for Worst Case *Ty = —55° to +150°C (continued) 


= 
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Fixed Output Voltage Regulators (continued) 


Device Device 
Positive Output | Negative Output 


15 MC78L15C MC79L15C 16.7/35 
MC78L15AC MC79L154 


AVo/AT 
Regiine | Reginad mvV°C Package 
mV Typ Suffix 


ca 
< 


1.0 


| 500 | mc78mi5c MC79M15C 17/35 


MC7815* 18.5/35 
MC7815B# 
17.9/35 


MC7815C MC7915C 17.5/35 
17.5/35 


ar | 
aaa 


MC78T15C 17.5/40 


MC78T15AC 
Seed 


MC78L18C MC79L18C 19.7/35 32 
MC78L18AC MC79L18AC 


101 
2 
151 
2 
2 


PG 
G, T 
T 
K, T 
La ear at 
al 


10 
| 100 
|_150_| 
2 | 3 | 
o | 150 | 
2 | 3 | 
| 60 
| 30 
2 | 3 | 
Eee a | 
hes 
| 360 


K 


MC78M18C 20/35 


22/35 180 180 


1500 
MC7818C MC7918C 21/35 
31 


z 
4 


LM340-18 


= 
So 
o 


eed 


EET 
ees 
MC78L24C MC79L24C 25.7/40 
+1.2 MC78L24AC MC79L24AC 


480 


26/40 
1500 MC7824* 28/40 


MC7824C MC7924C 27/40 
27.3/40 
LM340-24 


#Ty = —40° to +125°C tOutput Voltage Tolerance for Worst Case *Ty = ~55° to +150°C 


= 
i?) 
bl 
© 
s 
N 
L 
oO 
G) 
4 : 
4 


100 
240 
480 


& 


mn 

—= 
oO 
= 
re) 
~ 
Po 
WN 
> 
ros 


~zA 
4}¢ 
cE. 
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Adjustable Output Voltage 


Regulators 
Motorola offers a broad line of adjustable output volt- ing a wide range of output voltages for industrial and 
age regulators with a variety of output current capabil- communications applications. The three-terminal de- 
ities. Adjustable voltage regulators provide users the vices require only two external resistors to set the out- 
capability of stocking a single integrated circuit provid- put voitage. 3 


Adjustable Positive Output Regulators 


: Regulation 
. Vout 
Differ- 
ential 
ee 
eran i i Package 


jum3i7L | Internally . 29,79 
Limited 
LM117L* 


Cra 


Internally 
Limited 


Internally 
Limited 


Internally 
Limited 


Regulation 
% Vout @ 
Ta = 25°C 
TC Vout Ne = 
Ta=iTc= Typ 
25°C | 25°C Line %I°C Mas Package 


Internally 
po eS 


Peaaeenalye | 
Limited 


#Ty = —25°to +150°C *Ty = —55°to + 150°C 
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Floating Voltage and Current Regulator 


Designed for laboratory type power supplies. Voltage is limited only by the breakdown voltage of associated, external, 
series-pass transistors. 


AVrefVref AIL 
% % 


Pp 
Watts 
Max Load Max Package 


075 | ors | cots | 02 | oor | 632_| 


in| Max | 
raf 


*Dependent on characteristics of external series-pass elements. 


| 
Volts 


Dual +15 V Tracking Regulators 


Internally, the device is set for +15 V, but an external adjustment can change both outputs simultaneously, from 


8.0 V to 20 V. 
Pp 
Watts Ta 
| min | Max | Device Max °C Package 


“17 MC1468 3.0 | Oto +75 
| 632 


Microprocessor Voltage Regulator/Supervisory Circuit 
A 5.0 V fixed output with many monitoring functions required in microprocessor-based systems. 


zoe we Redline Regioad TA 
| Min | Max | mV Max mV Max Suffix °C Package 


iin max | 
Pa el ee eee 


os 
oe | 
Po 


MC33160 —40 to +85 
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Switching Regulator Control Circuits 


These devices contain the primary building blocks which 
are required to implement a variety of switching power sup- 


plies. The product offerings fall 


consisting of single-ended and double-ended controllers, plus 
single-ended ICs with on-chip power switch transistors. 


into three major categories 


These circuits operate in voltage, current or resonant modes 


Single-Ended Controllers 


These single-ended voltage and current mode controllers are designed for use in buck, boost, flyback, and forward 
converters. They are cost effective in applications that range from 0.1 to 200 watts power output. 


and are designed to drive many of the standard switching 
topologies. The single-ended configurations include buck, 
boost, flyback and forward converters. The double-ended 
devices control push-pull, half bridge and full bridge 
configurations. 


Minimum Maximum loge 
Jo Operating Useful 
mA Voltage Range | Operating Reference Oscillator Ta 
Max Volts Mode Volts Freq. (kHz) Device _|_ Suffix °C Package 
250 7.0 to 40 Voltage | 5.0+5.0% 200 MC34060 P Oto+70 | 646 | 
500 5.0+1.5% mc34060A | D | Oto +70 
P | eae | 
MC33060A 2} ate +85 | 71a] 
P | 646 | 
MC35060A L —55 to +125 632 
1000 4.2 to 12 Current 1.25+2.0% 300 MC34129 D Oto +70 751A 
P | 646 | 
P [| 646 
11.5 to 30 5.0+ 2.0% 500 0 to +70 751A 
N | 626 | 
11 to 30 5.0+ 1.0% UC2842A ~25 to +85 
8.2 to 30 5.0+ 2.0% UC3843A Oto +70 
+ 
5.0+ 1.0% UC2843A —25 to +85 
deoetenae 
11.5 to 30 0 to +70 
11 to 30 5.0+ 1.0% —25 to +85 
8.2 to 30 5.0+2.0% D 0 to +70 751A 
| oN | 626 
5.0+ 1.0% UC2845 D -—25 to +85 751A 
693 
N 626 


Single-Ended Cont-ollers With On-Chip Power Switch 


These monolithic power switching regulators contain all the active functions required to implement standard DC-to- 
DC converter configurations with a minimum number of external components. 


Minimum 
Operating 
Voltage Range 


2.5 to 40 


Maximum 
Useful 
Oscillator 
Freq. (kHz) 


Reference 
Volts 


1.25+5.2%# 


Operating 
Mode 


Voltage 


pA78S40 


0 to +70 


Ta 
°C Package 


PC 
DBC 
PV 


#Tolerance applies over the specified operating temperature range. (continued) 
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SINGLE-ENDED CONTROLLERS WITH ON-CHIP POWER SWITCH (continued) 


Minimum Maximum 
Operating Useful 
Voltage Range | Operating Reference Oscillator 
Volts Mode Volts Freq. (kHz) Device rackage 


-—40 to +85 


~55 to +125 


—40 to +85 


~55 to +125 
648C 


—40 to +85 


1.25+2.0% MC34163 


and MC33163 
5.05 + 3.0% 
3500t 6.8 to 40 314D 


eer 
Fixed 
Double-Ended ih Sa 


These double-ended voltage and resonant mode controllers are designed for use in push-pull, half-bridge, and fuli- 
bridge converters. They are cost effective in applications that range from 100 to 2000 watts power output. 


Minimum Maximum 
Operating Useful 
Voltage Range | Operating Reference Oscillator 
Voits Mode Volts Freq. (kHz) Device sm ix Feekege 


7.0 to 40 Voltage | 5.0+5.0%# | TLa94 


~—25 to +85 
—55 to +125 
5.0 + 1.5% TL594 
8.0 to 40 5.1 + 2.0% SG3525A 


~25 to +85 
5.14 1.0% $G2525A 
$G1525A 
5.1+2.0% $G3527A 


—55 to +125 
—25 to +85 
—55 to +125 
5.1+ 1.0% $G2527A 
$G1527A 
5.0 + 2.0% $G3526 
5.0+ 1.0% §G2526 ~25 to +150* 
$G1526 
9.6 to 20 Resonant MC34066 DW 7816 


Voltage | 1.25+5.6%# 
- 
1,25 + 2.0% 
ad 


~25 to +85 


—55 to +125 


Oto +125* 


= 


MC33066 D ~40 to +85 ric 


#Tolerance applies over the specified operating temperature range. 
*Junction Temperature Range. 
tGuaranteed minimum, typically 4300 mA. 
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Special Switching Regulator Controllers 


Dual Channel Current Mode Controllers 


These high performance dual channel controllers are optimized for off-line AC-to-DC power supplies and DC-to-DC 
converters in the flyback topology. Applications include desktop computers, peripherals, televisions, games, and various 
consumer appliances. 


Minimum Maximum 
Operating Useful 
Voltage Range | Operating Reference Oscillator 
Mode Volts Freq. (kHz) Device Package 


11 to 15.5 Current 5.0+2.0% MC34065 DW Oto +70 751G 


MC33065 DW —40 to +85 751G 
<a 


Universal Microprocessor Power Supply Controller 

A versatile power supply contro! circuit for microprocessor-based systems which is mainly intended for automotive 
applications and battery powered instruments. The device provides a power-on Reset delay and a Watchdog feature 
for orderly microprocessor operation. 


Output Key 
Regulated Current Reference Supervisory 
Outputs mA Device Features Package 

E2PROM Programmable Output: | 150 peak TCA5600, 35 —40 |25+3.2%|MPU Reset and 707 

24 Volts (Write Mode) TCF5600 to Watchdog Circuit 

5.0 Volts (Read Mode) +75 
Fixed Linear Output: 10 to external buffer 

5.0 Volts transistor 


Control IC for Line-lsolated Free Running Fiyback Converter 

Regulates and monitors the switching transistor in power supplies based on the free oscillating flyback converter 
principle. Provides excellent Switchmode performance in Hi-Fi equipment, active loudspeakers, as well as applications 
in TV receivers and video recorders. 


Minimum Maximum 
Operating Useful 
Voltage Range | Operating Reference Oscillator Ta 
Volts Mode Volts Freq. (kHz) °c Package 
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Power Supervisory Circuits 


A variety of Power Supervisory Circuits are offered. Overvoiltage sensing circuits which drive ‘‘crowbar’’ SCR’s are 
provided in several configurations from a !ow cost three-terminal version to 8-pin devices which provide pin-program- 
mable trip-voltages or additional! features such as an indicator output drive and remote activation capability. An over- 
under-voltage protection circuit is also offered. 


Overvoltage “Crowbar” Sensing Circuit 


MC3523U — Ta = —55° to + 125°C, Case 693 
MC3423P1,U — Ta = 0° to +70°C, Case 626, 693 


This device can protect sensi- 
tive circuitry from power supply 
transients or regulator failure 
when used with an external 
“Crowbar’’ SCR. The device sen- 
ses voltage and compares it to 
an internal 2.6 V reference. Over- 
voltage trip is adjustable by 
means of an external resistive 
voltage divider. A minimum 
duration before trip is program- 
mable with an external capacitor. 
Other features include a 300 mA 
high current output for driving 
the gate of a “Crowbar” SCR, an 
open-collector indicator output 
and remote activation capability. 


Current 
Source 


Sense 1 


Output 


Over/Undervoltage Protection Circuit 


MC3425P1 — Ta = 0° to + 70°C, Case 626 


The MC3425 is a power sup- 
ply supervisory circuit contain- 
ing all the necessary functions 
required to monitor over and 
undervoltage fault conditions. 
This device features dedicated 
over and undervoltage sensing 
channels with independently 
programmable time delays. The 
overvoltage channel has a high 
current Drive Output for use in 
conjunction with an external 
SCR “Crowbar” for shutdown. 
The undervoltage channel input 
comparator has hysteresis 
which is externally program- 
mable, and an open-collector 
output for fault indication. 


© VEE © Sense 2 Indicator 
Remote Output 

Activation 

Vcc 


DRV 


Sense IND 


oO | 
Input Section U.V. O.V. Output Section 
SE BLY BLY . 
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Undervoltage Sensing Circuit 


MC34064P-5, D-5 — Ta = 0° to +70°C, Case 29, 751 
MC33064P-5, D-5 — Ta = —40° to +85°C, Case 29, 751 


H 


MC34164P-5, D-5 — Ta 
MC33164P-5, D-5 — Ta 


The MC34064/MC34164 is a 
family of undervoltage sensing 
circuits specifically designed for 
use as reset controllers in micro- 
processor-based systems. They 
offer the designer an economical 
solution for low voltage detection 
with a single external resistor. 
Both parts feature a trimmed 
bandgap reference, and a com- 
parator with precise thresholds 
and built-in hysteresis to prevent 
erratic reset operation. The 
MC34064 has a threshold voltage 
of 4.6 V, while the MC34164 
threshold is at 4.3 V, and features 
a larger hysteresis window. The 
open collector reset outputs are 
capable of sinking in excess of 10 
mA (MC34064) and 7.0 mA 
(MC34164). Operation is guaran- 
teed down to 1.0 volt input with 
low standby current. The 
MC34164 is specifically designed 
for battery powered applications 
where low bias current (one/tenth 
of the MC34064's) is an important 
characteristic. 

Applications include direct 
monitoring of the 5.0 volt MPU/ 
logic power supply used in appli- 
ance, automotive, consumer, and 
industrial equipment. 


0° to + 70°C, Case 29, 751 
—40° to + 85°C, Case 29, 751 


Input © 2 (2) 


Reset 


O 
1(1) 


_ Sink Only 
~ Positive True Logic 


Pin numbers adjacent to terminals are for the 3 pin TO-92 package. 
Pin numbers in parenthesis are for the D suffix SO-8 package. 
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Microprocessor Voltage Regulator and Supervisory Circuit 


MC34160P — Ta = 0° to +70°C, Case 648C 
MC33160P — Ta = —40° to +85°C, Case 648C 


The MC34160 Series is a volt- 
age regulator and supervisory 
circuit containing many of the 
necessary monitoring functions 
required in microprocessor 
based systems. It is specifically 
designed for appliance and 
industrial applications offering 
the designer a cost effective 
solution with minimal external 
components. These integrated 
circuits feature a 5.0 V, 100 mA 
regulator with short circuit cur- 
rent limiting, pinned out 2.6 V 
bandgap reference, low voltage 
reset comparator, power warn- 
ing comparator with program- 
mable hysteresis, and an uncom- 
mitted comparator ideally suited 
for microprocessor line 
synchronization. 

Additional features include a 
chip disable input for low 
standby current, and internal 
thermal shutdown for over tem- 
perature protection. 

These devices are contained in 
a 16 pin dual-in-line heat tab 
plastic package for improved 
thermal conduction. 


| Reset 


Power Sense | 


Hysteresis Adjust 


Noninverting Input 


4 


Inverting Input 


Series Switch Transient Protection Circuit 


MC3397T — Tj; = —40° to +125°C, Case 221A 


This device acts as a satu- 
rated series pass element with 
a very low voltage drop for load 
currents in excess of 750 mA. In 
the event of an over voltage 
condition (=17.5 V typically) or 
high voltage transient of either 
positive or negative polarity, 
the MC3397T instantaneously 
Switches to an open circuit 
(OFF) state, interrupting power 
to the load and protecting the 
load during this potentially 
destructive condition. The 
device will immediately recover 
to an ON state when supply 
voltages fall within the normal 
operating range. 


Input 

: O 
Transient 
Generator 


Thermal 
Sense 


Control 
Circuit 
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7 Regulator Output 


| Reference Output 


Power Warning 


Comparator Output 


POWER SUPPLY CIRCUITS 


Linear Voltage Regulators 


Device 


LM109 

LM117 

LM117L 

LM123,A 

LM137 

LM140,A Series 
LM150 

LM209 

LM217 

LM217L 
LM223,A 

LM237 

LM250 

LM309 

LM317 

LM317L 
LM317M 
LM323,A 

LM337 

LM337M 
LM340,A Series 
LM350 

LM2931 Series 
LM2935T 
MC1466L 
MC1468 

MC1568 
MC1723,C 
MC7800 Series 
MC78L00,A Series 
MC78MO00 Series 
MC78T00 Series 
MC7900 Series 
MC79L00,A Series 
MC79M00 Series 
MC33160 
MC34160 

TL780 Series 


Function Page 
Positive Voltage Regulator....... 0.0... cece ee ee tee teenies 3-16 
3-Terminal Adjustable Positive Voltage Regulator ............. 00... .00085 3-21 
Low-Current 3-Terminal Adjustable Positive Voltage Regulator ateiceaeed 3-29 
3-Ampere, 5 Volt Positive Voltage Regulator .............. ccc cece eee 3-37 
3-Terminal Adjustable Negative Voltage Regulator ..................0008, 3-43 
Three-Terminal Positive Fixed Voltage Regulators .................00005, 3-50 
3-Terminal Adjustable Positive Voltage Regulator .................. 000 eu, 3-66 
Positive Voltage Regulator... 1.0... ... cece eect e teenies 3-16 
3-Terminal Adjustable Positive Voltage Regulator ..............0 0.0.0 e eee 3-21 
Low-Current 3-Terminal Adjustable Positive Voltage Regulator ............ 3-29 
3-Ampere, 5 Volt Positive Voltage Regulator .......... 0... cece eee nee 3-37 
3-Terminal Adjustable Negative Voltage Regulator ............ 00... 000 eo 3-43 
3-Terminal Adjustable Positive Voltage Regulator ................ 000 ee eae 3-66 
Positive Voltage Regulator ......... 0.0 cece eee cece etn eee aee 3-16 
3-Terminal Adjustable Positive Voltage Regulator ................. ce eae 3-21 
Low-Current 3-Terminal Adjustable Positive Voltage Regulator ............ 3-29 
Medium-Current 3-Terminal Adjustable Positive Voltage Regulator......... 3-74 
3-Ampere, 5 Volt Positive Voltage Regulator ............ cee eee ee eee ee 3-37 
3-Terminal Adjustable Negative Voltage Regulator .................0e eae 3-43 
Medium-Current 3-Terminal Adjustable Negative Voltage Regulator ........ 3-82 
Three-Terminal Positive Fixed Voltage Regulators .............0. cee e ane 3-50 
3-Terminal Adjustable Positive Voltage Regulator ....................000- 3-66 
Low Dropout Voltage Regulators 2.0.0... . cee cece teen e eee 3-89 
Low Dropout Dual Regulator ......... 0. cece cece ett eee e eens . 3-96 
Voltage and Current Regulator ........ 00. c cece tet e ene 3-99 
Dual + 15-Volt Tracking Regulator ....... 0... cece eee teen eae 3-109 
Dual: 15-Volt: Regulator os iiacstws ohn geld wee eas Bae eta nee Meee 3-109 
Adjustable Positive or Negative Voltage Regulator ...................0040. 3-115 
3-Terminal Positive Voltage Regulators ...... 2.0... cee eee 3-135 
Positive Voltage Regulators ....... 0... 0c ccc cette tere eee e tenes 3-148 
Positive Voltage Regulator o....cci66 6 6 oie ek bien i ewes owen Ten wee’ 3-154 
Three-Ampere Positive Voltage Regulators ........... 00. c eee ee eee eee 3-162 
Three-Terminal Negative Fixed Voltage Regulators .................. eee 3-171 
Three-Terminal Negative Fixed Voltage Regulators ...............-.0 ee 3-180 
Three-Terminal Negative Fixed Voltage Regulators ............. 00.0 sees 3-185 
Microprocessor Voltage Regulator and Supervisory Circuit................ 3-279 
Microprocessor Voltage Regulator and Supervisory Circuit................ 3-279 
Three-Terminal Positive Voltage Regulators ........... ccc eee eee eee ee 3-358 


Switching Regulator Control 


Device 


MC33060A 
MC33063 
MC33063A 
MC33066 
MC33129 
MC33163 
MC33166 
MC34060 
MC34060A 


Function Page 
Switchmode Pulse Width Modulation Control Circuits ...............0000. 3-200 
DC-to-DC Converter Control Circuits ....... 00... ccc cee ees 3-212 
DC-to-DC Converter Control Circuits 0.0.0... . 0... cece ees 3-218 
High Performance Resonant Mode Controller ........ 0.0... cece eee ee eee 3-245 
High Performance Current Mode Controller .. 0.0.0.0... cece eee 3-259 
Power Switching Regulator ......... 0.0.0. c ete tee eee tee eee 3-287 
Power Switching Regulator ........ 0.0.0. eee tenets 3-302 
Switchmode Pulse Width Modulation Control Circuits ...............20005 3-188 
Switchmode Pulse Width Modulation Control Circuits ................008. 3-200 
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Switching Regulator Control (continued) 


Device 


MC34063 
MC34063A 
MC34066 
MC34129 
MC34163 
MC34166 
MC35060 
MC35060A 
MC35063 
MC35063A 
MC44602 
SG1525A 
$G1526 
SG1527A 
SG2525A 
SG2526 
SG2527A 
S$G3525A 
$G3526 
SG3527A 
TL494 
TL594_ 
UC2842A 
UC2843A 
UC2844 
UC2845 
UC3842A 
UC3843A 
UC3844 
UC3845 
p»A78S40 


Function Page 
DC-to-DC Converter Control Circuits .. 0... 0.0. ccc eee eens 3-212 
DC-to-DC Converter Contro! Circuits ....... 0.0 eee ene eennees 3-218 
High Performance Resonant Mode Controller ......... 0... cc eee eee eee 3-245 
High Performance Current Mode Controller ......... 0.0... c eee eee eee 3-253 
Power Switching Regulator: «ices isee cine kids dees Au dateme baa eee oe 3-287 
Power Switching: Regulator v.00. .6 25 cise Sean e eee a ee abua eee be beee ea 3-302 
Switchmode Pulse Width Modulation Control Circuits Mae Dale: eases. Boe 3-188 
Switchmode Pulse Width Modulation Control Circuits ..............0.0005 3-200 
DC-to-DC Converter Control! Circuits ..... 0.0... ce eens 3-212 
DC-to-DC Converter Control Circuits ........... bd nutans wide Cad OA ate We 3-218 
Current Mode Controller ........... ccc see e eee e ee cet eee tenn nee eennnes 3-303 
Pulse Width Modulator Contro] Circuits 0.0.00... ee ees 3-304 
Pulse Width Modulation Control Circuits ..............0. 000 ee eee nee eee 3-311 
Pulse Width Modulator Control Circuits ....... 0.0.0... cece eee ees 3-304 
Pulse Width Modulator Control Circuits ....... 0.0... cc cc cee ee eee es 3-304 
Pulse Width Modulation Controf Circuits ...... 0.00... ccc eee eee 3-311 
Pulse Width Modulator Control Circuits 0.2... 0... 0. ccc es 3-304 
Pulse Width Modulator Control Circuits ..... 0.0... cece ee ee eens 3-304 
Pulse Width Modulation Control Circuits ......... 0.0... cece cee ee eee 3-311 
Pulse Width Modulator Control Circuits ..... 0.0... 0c cc ee ee eens 3-304 
Switchmode Pulse Width Modulation Control Circuits ........... 0.000200 3-336 
Switchmode Pulse Width Modulation Control Circuits ........... 0.00000 ee 3-347 
High Performance Current Mode Controller ..........0. 0. cece eee eee 3-364 
High Performance Current Mode Controller .............. 020: e sence eae 3-364 
High Performance Current Mode Controller ......... 00... cece eee eee 3-377 
High Performance Current Mode Controller ......... 0... cece ee eens 3-377 
High Performance Current Mode Controller ........... 0.0 cece eens 3-364 
High Performance Current Mode Controller .......... 0... c cece eee eens 3-364 
High Performance Current Mode Controller .......... 00.0 cece eee eee 3-377 
High Performance Current Mode Controller ........ 0.0.00 c cece ence 3-377 
Universal Switching Regulator Subsystem ......... 0.00... c eee eee 3-390 


Special Switching Regulator Controllers 


Device 


MC33065 
MC34065 
TCA5600 
TCF5600 

TDA4601 


Power Drivers 


Device 


MC33151 
MC33152 
MC33153 
MC34151 
MC34152 
MC34153 


Function . Page 
High Performance Dual Channel Current Mode Controller................ , 3-232 
High Performance Dual Channel Current Mode Controller................. 3-232 
Universal Microprocessor Power Supply Controller ......... 0.0.00 cee ewes 3-319 
Universal Microprocessor Power Supply Controller ................. 000 ee 3-319 
Flyback Converter Regulator Control Circuit ........ 0... cece ee 3-330 
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Power Supervisory 


Device 
MC3397T 
MC3423 
MC3425 
MC3523 
MC33064 
MC33160 
MC33164 
MC34064 
MC34160 
MC34164 


Application 
Note 


AN703 
AN719 
AN1040 
AN920R2 
AN976 
AN983 
ANE002 
ANE424 


HB206 Rev 3 


Function Page 
SrAaNSiGNt- SUBPTESSOM 6.65 shia esi is 2a bcd wed aS ORR Le Pe See Chapter 10 
Overvoltage Sensing Circuit ..... 0... 0. cee cece eee eet e eens 3-121 
Power Supply Supervisory/Over-Under-Voltage Protection Circuit.......... 3-127 


Overvoltage Sensing Circuit ...... 0... 0c ccc cece ec een eee eet e teens 
Pin-Programmable Overvoltage Sensing Circuit 2.0.0.0... 0.0... cece eee 
Microprocessor Voltage Regulator and Supervisory Circuit 
Micropower Undervoltage Sensing Circuit ......... 0... ce cece eee eee 

Pin-Programmable Overvoltage Sensing Circuit ......... 0... cc ee eee eee 

Microprocessor Voltage Regulator and Supervisory Circuit................ 3-279 
Micropower Undervoltage Sensing Circuit ........... 0... ccc cece eee eee 3-297 
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Switching Regulator Control Circuits ..................5. MC34063, «A78S40 
A New High Performance Current-Mode Controller Teams 
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TECHNICAL DATA 


POSITIVE THREE-TERMINAL 
FIXED VOLTAGE REGULATORS 


A versatile positive fixed +5.0-volt regulator designed for easy 
application as an on-card, local voltage regulator for digital logic 
systems. Current limiting and thermal shutdown are provided to 
make the units extremely rugged. 

in most applications only one external component, a capacitor, 
is required in conjunction with the LM109 Series devices. Even 
this component may be omitted if the power-supply filter is not 
located an appreciable distance from the regulator. 


e@ High Maximum Output Current — Over 1.0 Ampere in K Suffix 
Package — Over 200 mA in H Suffix Package 


@ Minimum External Components Required 
@ Internal Short-Circuit Protection 


Internal Thermal Overload Protection 


Excellent Line and Load Transient Rejection 


Designed for Use with Popular MDTL and MTTL Logic 


CIRCUIT SCHEMATIC 


0 OUTPUT 


INPUT 


0.22 pF 


POSITIVE 
VOLTAGE REGULATORS 


QO ©® 
Input Output 
K SUFFIX 
METAL PACKAGE 
CASE 1 


OUPUT 
2 


3 
GROUND 


(Bottom View) 
H SUFFIX 
1 3 METAL PACKAGE 
2 CASE 79 


CASE IS GROUND 
ORDERING INFORMATION 


poetics ee 
Temperature Range 
Ty = —55°C to + 150°C 


TYPICAL APPLICATION 


FIXED 5.0 V REGULATOR 


OUTPUT 


GROUND 


"Required if regulator is located an appreciable 


distance from power supply filter. 
Afthough no output capacitor is needed for 
stability, it does improve transient response, 
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LM109, LM209, LM309 
MAXIMUM RATINGS 


T. 


ee ce 
[ interacted |_| 

ey 
M209 


i 
J 
—55 to +150 
—25 to +150 
LM309 Oto +150 


Storage Temperature Range 


n 
6 dering. * = 8 


(soidering, t = 60 s) 
ELECTRICAL CHARACTERISTICS 


Junction Temperature Range 
LM109 


Characteristic 
Output Voltage (Ty = +25°C) 


Input Regulation (Ty = +25°C) 
7.0 < Vin <= 25V 


Load Regulation (Ty = +25°C) 
Case 1-03 5.0 mA <I9 = 1.5A 
Case 79-03 5.0 mA < Ip <= 0.5A 


Output Voltage Range 
7.0V < Vin = 25V 
5.0 mA < Ic < Imax. P = Pmax 


Quiescent Current (7.0 V < Vin < 25 V) 
Quiescent Current Change (7.0 V < Vin 
5.0 mA < Io 


Output Noise Voltage (Ta = + 25°C) 
10 Hz = f <= 100 kHz 


Long Term Stability 


Thermal Resistance, Junction to Case? 
Case 1-03 
Case 79-03 
NOTES: 
1, Uniess otherwise specified, these specifications apply for — 55°C = Ty < + 150° (- 26°C < Ty = +150°C for the LM209). For Case 79-03 Vi, = 10 V, 
10 = 0.1 A, Imax = 0.2 A and Pmay = 2.0 W. For Case 1-03 Vin = 10 V, Iq = 0.5 A, Imax = 1.0 A and Pmax = 20 W. 
2. Unless otherwise specified, these specifications apply for 0°C < Tj < +125°C, Vin = 10 V. For Case 79-03 IQ = 0.1 A, Imax = 0.2 A and Pmax = 
2.0 W. For Case 1-03 Io = 0.5 A, img = 1.0 A and Pmax = 20 W. 
3. Without a heat sink, the thermal resistance of the Case 79-03 package is about 150°C/W, while that of the Case 1-03 package is approximately 
35°CW. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the heat sink. 


TYPICAL CHARACTERISTICS 
(Vin = 10 V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 — MAXIMUM AVERAGE POWER DISSIPATION FIGURE 2 — MAXIMUM AVERAGE POWER DISSIPATION 
(LM109K, LM209K) (LM109H, LM209H) 
-——f ——+__ WAKE FIELD 
50 —-—+ + HEAT SINK 
[——{T 680-75 or EQUIV 
ge Pls = 
= a DS ee ES = INFINITE 
a ——— —— 2 ¢ HEAT SINK 
Ee ene qo ee, Ba 7 
a 
a 50 S 
¥ ——J———_____| 3 10 
o L_ | Pe, a 
bea a NO HEA S 
= 19 -—} 1 SIN = 
o 0° =F = 
Ss Ce ! Se . 
© 05 FF + J a 
ean a DE 
aa ee ee 
re es 
o1L-_L_1 | 01 
rc) 50 +1) 100 125 150 25 50 75 100 125 150 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (9() 
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LM109, LM209, LM309 


TYPICAL CHARACTERISTICS (continued) 


(Vin = 10 V, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — MAXIMUM aa POWER DISSIPATION 


FIGURE 3 ~ MAXIMUM AVERAGE POWER DISSIPATION 
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TUL A 


WAKE FIELO 
HEAT SINK 
80-75 OR EQUIV 


PATEL ATE 
WT 


(M) NOILWd{SSIG H3MOd ‘Og 


MH Me 


a 
a TAL 


Q 
“3 
we” 
rat 
wr 
a4 Lin 


CTT 


75 100 125 150 
Ta, AMBIENT TEMPERATURE (°C) 


50 


25 
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75 
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25 
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FIGURE 6 — PEAK OUTPUT CURRENT (K PACKAGE) 


OUTPUT IMPEDANCE versus FREQUENCY 


FIGURE 5 


ior! 


TNH ‘ 
I at 
WIT ML 
MEINE LE 
UE ICE ETT 
UE LTA 
UN 
MTL ML CHINN 11] 


(B) JoNVa34WI ingino’ oz 


10k 10k 100 k 10M 
f, FREQUENCY (Hz) 


100 


10 


Vin, INPUT VOLTAGE (V) 


FIGURE 8 — RIPPLE REJECTION 


FIGURE 7 — PEAK OUTPUT CURRENT (H PACKAGE) 


+1259C 


(v) LNJHHND LNdLNO ‘Or 


100 k 1.0M 


10 k 


f, FREQUENCY (Hz) 


Vin, INPUT VOLTAGE (V) 
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LM109, LM209, LM309 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 — DROPOUT CHARACTERISTIC 
FIGURE 9 — DROPOUT VOLTAGE (K PACKAGE) 


the 1.0A 


Package Only) 


INPUT-OUTPUT DIFFERENTIAL (V) 
Vo, OUTPUT VOLTAGE (V) 


-15  =-50 = -25 0 +25 +60) +76 +100) +125) +150 +175 


Ty, JUNCTION TEMPERATURE (°C) Vin, INPUT VOLTAGE (V) 
FIGURE 11 — OUTPUT VOLTAGE FIGURE 12 ~ OUTPUT NOISE VOLTAGE 
1.0 RF —F FF 2 
—_an oo Hy 
Gat, = 

= nN 
ws = 
fee | =x 
= S 
a aw 
S 2 
< = 04 
: 8 
5 PA 
° S 
=) = 
> z= 

> 

0.01 
+25 +80) +75) +100 +125) +150 +175 10k 
Ty, JUNCTION TEMPERATURE (°C} f, FREQUENCY (Hz) 


FIGURE 13 — QUIESCENT CURRENT FIGURE 14 — QUIESCENT CURRENT 


tg, QUIESCENT CURRENT (mA) 
ig, QUIESCENT CURRENT (mA) 


+25 +500 +75 +100 +125 +150) +175 
Vin, INPUT VOLTAGE (V) Ty, JUNCTION TEMPERATURE (°C) 
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LM109, LM209, LM309 


TYPICAL APPLICATIONS 


FIGURE 15 — ADJUSTABLE OUTPUT REGULATOR FIGURE 16 — CURRENT REGULATOR 


QUTPUT 


OUTPUT 


“DETERMINES OUTPUT CURRENT. 


FIGURE 18 — 5.0 VOLT, 4.0-AMPERE TRANSISTOR 


FIGURE 17 — 5.0-VOLT, 3.0-AMPERE REGULATOR 
(with plastic Darlington boost transistor) 


(with plastic boost transistor) 


MJE1090 OR EQUIV 


10V Berio : 


19 | | 
sw MJE370 OR EQUIV D 
10 Vv ®, 5.0V 0-4.0A 
0-3.0A “W TR one | 
22 ry ee = 
aw 
O 
O LM10SH O2 


FIGURE 20 — 5.0-VOLT, 10-AMPERE REGULATOR 
(with Short-Circuit Current Limiting for 
FIGURE 19 — 5.0-VOLT, 10-AMPERE REGULATOR Safe-Area Protection of pass transistors) 


0.1,5w 


MJ2955 OR EQUIV 
5.0V 30 V(max) A, MJ2955 OR EQUIV 


_— 


1 


10 Vimin) 


10 yF 2N6049 
OR EQUIV 
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MOTOROLA 


= SEMICONDUCTOR xox 
TECHNICAL DATA 


THREE-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATORS 


The LM117/217/317 are adjustable 3-terminal positive voltage 
regulators capable of supplying in excess of 1.5 A over an output 
voltage range of 1.2 V to 37 V. These voltage regulators are ex- 
ceptionally easy to use and require only two external resistors to 
set the output voltage. Further, they employ internal current lim- 
iting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LM117 series serve a wide variety of applications including 
local, on card regulation. This device can also be used to make 
a programmable output regulator, or by connecting a fixed resis- 
tor between the adjustment and output, the LM117 series can be 
used as a precision current regulator. 
© Output Current in Excess of 1.5 Ampere in K and T Suffix 

Packages 
@ Output Current in Excess of 0.5 Ampere in H Suffix Package 
@ Output Adjustable between 1.2 V and 37 V 
@ Internal Thermal Overioad Protectiion 
@ Internal Short-Circuit Current Limiting Constant with 

Temperature 
® Output Transistor Safe-Area Compensation 
@ Floating Operation for High Voltage Applications 
® Standard 3-lead Transistor Packages 
@ Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


* = Cin is required if regulator is located an appreciable distance from power 
supply filter. 

Cy is not needed for stability, however it does improve transient 
response. 


{ 


He 


i 


R 
Vout = 1.25 V (1 + 7 + |adj Ra 


Since taqj is controlled to less than 100 yA, the error associated with this 
term is negligible in most applications. 


THREE-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1 


(Bottom View) 


CASE 
IS OUTPUT 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


PIN 1, ADJUST 
2. Vout 
3. Vin 


Heatsink surface connected 
to Pin 2 


H SUFFIX 
METAL PACKAGE 
CASE 79 


(Bottom View) 
CASE 
IS OUTPUT 
PIN 1. Vin 
2, ADJUST 
3. Vout 


Tested Operating 


Temperature Range Package 
LM117H eer i Metal Can 
LM117K = ~56°C to + 150°C | Metal Power 


LM217H 
LM217K 


z na 
LM317H 


LM317K Ty = 
LM317T Plastic Power 


LM317B8T# | Ty = —40°C to +125°C 


#Automotive temperature range selections are available 
with special test conditions and additional tests. 
Contact your local Motorola sales office for information. 


Metal Can 


Metal Power 
Metal Can | 
Metal Power 


— 25°C to + 150°C 


0°C to + 125°C 
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LM117, LM217, LM317 


MAXIMUM RATINGS 


Internally 
Limited 


Operating Junction Temperature Range 
LM117 
LM217 
LM317 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (V)-Vo = 5.0 V; Io = 0.5 A for K and T packages; Io = 0.1 A for H package; 
Ty = Tlow to Thigh [See Note 1]; Imax and Pmax per Note 2; unless otherwise specified.) 


| HA | 


—55 to + 150 
—25to + 150 
Oto +150 


Tstg 


Characteristic 


= 
a 
€ 
= 
& 
mE 
ary 
— 
SN 
~ 
N 
= 
~ 


‘ Sloan 
8|-° 
gles | | 

i. oO 
~S 

W]o 
wl 


Line Regulation (Note 3) 
Ta = 28°C, 3.0 V <= Vj-Vo <= 40 V 
Load Regulation (Note 3) 
Ta = 25°C, 10 mA < Ig <= Imax 

Vo <= 5.0V 

Vo 2 5.0 V 
Thermal Regulation (Ta = +25°C) 
20 ms Pulse 


Adjustment Pin Current 


Adjustment Pin Current Change 
2.5V<VI-Vo <= 40V 
10 mA < IL < Imax Pp = Pmax 


= 
Nn 


Reference Voltage (Note 4) 
3.0V <VI-Vo <= 40V 
10 mA <= Io < Imax: Pp = 


Pmax 


x 
< 


Line Regulation (Note 3} 
3.0V <Vi-Vo <= 40V 


Load Regulation (Note 3) 
10 mA = Ig = Imax 

Vo = 5.0V 

Vo = 5.0V 


Temperature Stability (Tigw = Ty < Thigh) 3 Ts _- 


Minimum Load Current to 
Maintain Regulation (Vi-Vo = 40 V) 


Maximum Output Current 
VrVo <= 15 V, Pp <= Pmax 
K and T Packages 
H Package 
Vi-Vo = 40 V, Pp = Pmax, TA = 25°C 
K and T Packages 
H Package 


IN. oO 


Ripple Rejection, Vo = 10 V,f = 120 Hz 
(Note 5) 
Without Cagj 
Cadj = 10 uF 
Long-Term Stability, Ty = Thigh (Note 6) 
Ta = 25°C for Endpoint Messureiients 


Thermal Resistance Junction to Case °C 
H Package 15 12 15 
K Package 3.0 2.3 3.0 
T Package _ 5.0 _ 


NOTES: (1) Tigw = aoe for LM117 Thigh = +150°C for LM117 be taken into account separately. Pulse testing with low 
= —25°C for LM217 = +150°C for LM217 duty cycle is used. 
= O°C for LM317 = +125°C for LM317 (4) Selected devices with tightened tolerance reference voltage 
(2) Imax = 1.5 A for K and T Packages available. 
= 0.5 A for H Package (5) Capy, when used, is connected between the adjustment pin and 
Pmax = 20 W for K Package ground. 
= 20 W for T Package (6) Since Long-Term Stability cannot be measured on each device 
= 2.0 W for H Package before shipment, this specification is an engineering estimate of 
{3) Load and line regulation are specified at constant junction average stability from lot to lot. 


temperature. Changes in Vo due to heating effects must 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-22 


LM117, LM217, LM317 


SCHEMATIC DIAGRAM 


* Pulse Testing Required: 
1% Duty Cycle 
is suggested. 


0.1 
Vout 


—O Adjust 


FIGURE 1 — LINE REGULATION AND Alagj/LINE TEST CIRCUIT 


VouV 
Line Regulation (%/V) = not x 100 
oO 


Cin — 0.1 wr 
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LM117, LM217, LM317 


FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT 


Load Regulation (mV) = Vo (min. Load) — VO (max. Load) 


Vo (min. Load) — Vo (max. Load) 


NM 
Load Regulation (%VQ) = —————, -________—-x 100 | © (min. Load) 
Vo (min. Load) Vo-tensk: Load) 


Ru 
(mex. Load) 


Ri 
(min, Load) 


* Pulse Testing Required: 
1% Outy Cycle is suggested. 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro: 
Vo = Iset Rot 1.250 V 
Assume Iset = 5.25 mA 


Pulse Testing Required: 
1% Duty Cycle is suggested. 


FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT 


1N4002 
+ 


Co SR 1 UF 


= 
Cads 77S 10 uF 
t 
! 


o— 


“py Discharges Cany if Output is Shorted to Ground. 
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AVg, QUTPUT VOLTAGE CHANGE (%*) 


Vet REFERENCE VOLTAGE (¥} 


LM117, LM217, LM317 


FIGURE 5 — LOAD REGULATION FIGURE 6 — CURRENT LIMIT 


Ig. OUTPUT CURRENT (A) 


‘75-50-25 Csi i—iKCHtiC«idSCid225HSts«édSO 
Ty, JUNCTION TEMPERATURE (°C) V, - Vg. INPUT - OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


FIGURE 7 — ADJUSTMENT PIN CURRENT FIGURE 8 — DROPOUT VOLTAGE 


=I Tt + T 


Iadj, ADJUSTMENT PIN CURRENT (uA) 


“275-50 -25 0 25 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) 


-75 -50 = -25 0 25 50 75 100 «125 150 
Ty, JUNCTION TEMPERATURE (°C) 


V, — Vg. INPUT-— OUTPUT VOLTAGE DIFFERENTIAL (Vdc! 


FIGURE 9 — TEMPERATURE STABILITY FIGURE 10 — MINIMUM OPERATING CURRENT 


1.260 


1.250 


1.240 


1.230 


Ig, QUIESCENT CURRENT (mA) 


1.220 
-715 = -50— -25 0 25 50 15 100 «125 (150 0 10 20 30 40 


Ty, JUNCTION TEMPERATURE (°C) V, ~ Vg. INPUT — OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 
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FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE 


$f} st 4 — 
es 

a 

= WITHOUT Can, 


RR, RIPPLE REJECTION (dB) 


RR, RIPPLE REJECTION (dB) 


OUTPUT VOLTAGE 


DEVIATION (Vv) 


AV. 


AV, INPUT VOLTAGE 
CHANGE (V) 


LM117, LM217, LM317 


RR, RIPPLE REJECTION (dB) 


0 5 10 15 20 25 30 35 
Vg, OUTPUT VOLTAGE (V) 


FIGURE 13 — RIPPLE REJECTION versus FREQUENCY 


Zp. OUTPUT IMPEDANCE (:2) 


10 100 1K 10K 100K 1M 10M 
f, FREQUENCY (H2) 


FIGURE 15 — LINE TRANSIENT RESPONSE 


DEVIATION (V) 


AVg, OUTPUT VOLTAGE 
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| 
CU 
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FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURRENT 


0.01 01 1 10 
1g, OUTPUT CURRENT (A) 


FIGURE 14 — OUTPUT IMPEDANCE 


f, FREQUENCY (Hz) 


FIGURE 16 — LOAD TRANSIENT RESPONSE 
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LM117, LM217, LM317 


APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM117 is a 3-terminal floating regulator. In opera- 
tion, the LM117 develops and maintains a nominal 1.25 
volt reference (Vref) between its output and adjustment 
terminals. This reference voltage is converted to a pro- 
gramming current (IPROG) by R1 (see Figure 17), and 
this constant current flows through R2 to ground. The 
regulated output voltage is given by: 


R2 
Vout = Vref (1 + Aq) * 'Adj R2 


Since the current from the adjustment terminal (laqj) 
represents an error term in the equation, the LM117 was 
designed to contro! taqj to less than 100 A and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require- 
ment for a minimum toad current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM117 is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


Adjust 


"Adj 


Vref = 1.25 V TYPICAL 


LOAD REGULATION 

The (M117 is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1} should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 pF disc or 1 wF tantalum input bypass capacitor 
(Cjp) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (CApy) prevents 
ripple from being amplified as the output voitage is 
increased. A 10 ywF capacitor should improve ripple 
rejection about 15dB at 120 Hz in a 10 voit application. 

Although the LM117 is stable with no output capaci- 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci- 
tance (Co) in the form of a 1 yF tantalum or 25 pF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 


PROTECTION DIODES 

When external capacitors are used with any 1.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 18 shows the LM117 with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Cg > 25 uF, Capy > 10 uF). 
Diode D4 prevents Co from discharging thru the |.C. 
during an input short circuit. Diode Dz protects against 
capacitor Capy discharging through the I.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Capy from discharging through the 1.C. 
during an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 
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FIGURE 19 — “LABORATORY” POWER SUPPLY WITH ADJUSTABLE 


CURRENT LIMIT AND OUTPUT VOLTAGE 


06 


VIN 
32 to 40 Vv 


qe - 


1N4002 


Vout1 Rsc 


© Adjust 1 
Adjust 2 


1K 


Aes 


1N4001 
+ 


1 wr 
Tantalum 


: 


oT 10 pF 


Current 
Limit 


Voitage 
Adjust 


Adjust 


Q4 
2N3822 


OUTPUT RANGE: 
0< Vo < 25V 
O< ig S124 


~10V Qo 


Diodes 0, and D9 and transistor Qo are added to allow adjustment 2N5640 


of output voltage to 0 voits. 


Og Protects both LM117’s during an input short circuit. 


FIGURE 21 — 5 V ELECTRONIC SHUT DOWN REGULATOR 


FIGURE 20 — ADJUSTABLE CURRENT LIMITER 


D4 


+ 


1N4002 


Vin 


Adjust 


** To provide current limiting of Io Adjust 
to the system ground, the source of 
the FET must be tied to a negative 


voltage below -1.25 V 720 


TTL 
Control 


Minimum Vou7 = 1.25 V 


2N5640 


Vo < BVogg + 1.25 V+ Vsg 


'Lmia — 'pss < '9 S154 
As shown 0 < Ig < 1A 


D4 protects the device during an input short circuit 


FIGURE 23 — CURRENT REGULATOR 


Adjust 


R2 MPS2907 


10 MA € fog S 1.5A 
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MOTOROLA LM117L 


= SEMICONDUCTOR oxy LM217L 
TECHNICAL DATA 


THREE-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATORS 


The LM117L/217L/317L are adjustable 3-terminal positive voit- 
age regulators capable of supplying in excess of 100 mA over an 
output voltage range of 1.2 V to 37 V. These voltage regulators 
are exceptionally easy to use and require only two external re- 
sistors to set the output voltage. Further, they employ internal 
current limiting, thermal shutdown and safe area compensation, 
making them essentially blow-out proof. 

The LM117L series serves a wide variety of applications in- 
cluding local, on card regulation. This device can also be used to 
make a programmable output regulator, or by connecting a fixed 
resistor between the adjustment and output, the LM117L series 
can be used as a precision current regulator. 


@ Output Current in Excess of 100 mA 

‘@ Output Adjustable Between 1.2 V and 37 V 

@ Internal Thermal Overload Protection 

@ Internal Short-Circuit Current Limiting 

® Output Transistor Safe-Area Compensation 

@ Floating Operation for High Voltage Applications 
@ Standard 3-Lead Transistor Packages 

@ Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


LM117L 


* = Cin is required if regulator is located an appreciable distance from power 
supply filter. 
** = Cy is not needed for stability, however it does improve transient 
response. 


R 
Vout = 1.25 V (1+ a + bagj Re 


Since lagj is controlled to less than 100 wA, the error associated with this 
term is negligible in most applications 


#Automotive temperature range selections are available with special test conditions and 
additional tests. Contact your local Motorola sales office for information. 


LM317L 


LOW-CURRENT 
THREE-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Z SUFFIX 
PLASTIC PACKAGE 
CASE 29 


PIN 1, ADJUST 


2. VOUT 
3. VIN 


H SUFFIX 
METAL PACKAGE 
CASE 79 


PIN 1. Vin 
2. ADJUST ‘ 


3. Vout 390; 
1 3 
CASE 


IS OUTPUT exon ieny 


D SUFFIX 
PLASTIC PACKAGE PIN 1. Vin 


CASE 751 A tea 
Sore” 4, ADJUST 


Ei e4 6. N.C. 
i iv 6. VOUT 
1 7. VOUT 

8, N.C. 


SOP-8 is an internally modified SO-8 Package. Pins 
2, 3, 6 and 7 are electrically common to the die 
attach flag. This internal lead frame modification 
decreases package thermal resistance and 
increases power dissipation capability when 
appropriately mounted on a printed circuit board. 
SOP-8 conforms to all external dimensions of the 
standard SO-8 Package. 


ORDERING INFORMATION 


| Soe 

Device Temperature Range Package 
Ty = 0°C to +125°C 
Pst 
fumainezal ty = —aove 1260 | Plastic 
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MAXIMUM RATINGS 


Rating 


Input-Output Voltage Differential 


Power Dissipation Internally Limited 


—55 to +150 
~25 to +150 
Oto +150 


-65 to +150 


Operating Junction Temperature Range LM117L 
LM217L 
LM317L 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 
(Vj — Vo = 5.0 V; Io = 40 mA; Ty = Tigw to Thigh [see Note 1]; Imax and Pmax per Note 2; unless otherwise specified.) 


fae ae eee ne 
Characteristic ae 
Line Regulation (Note 3) | eating | ae 
Ta = 25°C, 3.0V < Vi-Vo = 40 V 
Load Regulation (Note 3), Ta = 25°C Bead 
5.0 MA < IQ < Imax — LM117L/217L 
10 MA < !g < Imax — LM317L 
Vo <= 5.0V 
Vo = 5.0 V % 0 
Adjustment Pin Current | pA | 
ie ‘ nw ewo 
“ i bi a 
Regline 


Adjustment Pin Current Change 
2.5 V <Vji-Vo < 40 V, Py < Pmax 
5.0 mA 


=< 
<! 


Reference Voltage (Note 4) 
3.0 V < Vi-Vo = 40 V, Pp = Pmax 

5.0 MA € !I9 S Imax — LM117L/217L 

10 mA < Ig < Imax — LM317L 


Line Regulation (Note 3) 1 %N 
30V<V)-Vo <40V 
Load Regulation (Note 3) 2 


5.0 MA < Io = Imax — LM117L/217L 
10mAs lo Ss Imax — LM317L 
Vo <5.0V 


Regioad 
70 mV 
Vo = 5.0V 1.5 | %VO 


era oe cae a ie Sawa 


Minimum Load Current to Maintain ILmin 
Regulation (V;-Vo = 40 V) 


Maximum Output Current 
-Vo < 20 V, Pp <= Pmax. H Package 
-Vo < 6.25 V, Pp < Pmax, Z Package 

Vi-Vo = 40 V, Pp = Pmax. TA = 25°C 

H Package 

Z Package 


RMS Noise, % of Vo %*VO 
Ta = 25°C, 10 Hz < f < 10 kHz 


Ripple Rejection (Note 5) 
Vo = 1.25 V, f = 120 Hz 
Capy = 10 uF Vo = 10.0 V 


Long Term Stability, Ty = Thigh (Note 6) 3 %/1.0 k 
Ta = 25°C for Endpoint Measurements Hrs. 


Thermal Resistance Junction to Case 
H Package 
2 Package 


Thermal Resistance Junction to Air 
H Package 


Z Package 
NOTES: (3) Load and tine regulation are specified at constant junction temperature. 
(1) Tlow = ~85°C for LM117L Thigh = t150°C for LM1 1V7L Changes in Vo due to heating effects must be taken into account 
~25°C for LM217L = +150°C for LM217L separately. Pulse testing with low duty cycle is used. 
O°C for LM317L = +425°C for LM317L {4) Selected devices with tightened tolerance reference voltage available. 
(2) Imax = 100 mA {5) Capy, when used, is connected between the adjustment pin and 
max = 2 W for H Package ground. 
= 625 mW for Z Package (6) Since Long Term Stability cannot be measured on each device before 


shipment, this specification is an engineering estimate of average 
stability from lot to lot 
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SCHEMATIC DIAGRAM 


FIGURE 1 — LINE REGULATION AND Alpgj/LINE TEST CIRCUIT 


Vv VW 
Line Regulation (%/v) = C4 ©% x 109 
VoL 


LM117L 


“ Pulse Testing Required: 
1% Duty Cycle 
is suggested. 
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FIGURE 2 — LOAD REGULATION AND Alggj/LOAD TEST CIRCUIT 


Load Regulation (MV) = Vo (min. Load) — VO (max. Lead) 


Load Regulation (%Vo) = YO (min. Load) — Vo (max. Load) 100 Vo (min. Load) 
Vo (min. Load) | Vo (max. Load) 


e) RAL 


(min. Load) 


* Pulse Testing Required: 
1% Duty Cycle is suggested. 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro: 
Pulse Testing Required: Vo = lset R2+ 1.250 V 
1% Duty Cycle is suggested. Assume Isey = 5.25mA 


1N4002 


W-4- 
Cans 77S 10 KF 


* 
OD, Discharges CApy if Output is Shorted to Ground. 
**Capy provides an AC Ground to the Adjust Pin. 
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FIGURE 5 ~— LOAD REGULATION 


AVg, OUTPUT VOLTAGE CHANGE (%) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7 — CURRENT LIMIT 


_ 


ia 
ah cee, Se 


Ig, OUTPUT CURRENT (AMPS) 


8 
a 
i 


V\ - Vo, INPUT - OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 9 — MINIMUM OPERATING CURRENT 


es oie ae 
45 pane oe i 
‘Or Yea ——— Pt 

3.5f— Ty= 15090 -— —— —+-—-+ + 
3.0 + + 
25 + | 


Ig, QUIESCENT CURRENT (mA) 


0 10 20 30 40 
Vq— Vg. INPUT ~ OUTPUT VOLTAGE DIFFERENTIAL {VOLTS) 


RR, RIPPLE REJCTION (dB) 


V, — Vg, INPUT — OUTPUT VOLTAGE 
~ DIFFERENTIAL (VOLTS) 


FIGURE 10 — RIPPLE REJECTION versus FREQUENCY 


ee 


100 
90 


80 
70 
60 
50 
40 
30 


R.R. RIPPLE REJECTION (dB) 


FIGURE 6 — RIPPLE REJECTION 


1, =40mA 
t= 120 Hz 
Vg =10V 
Vin= 14 to 24V 


-26 0 


25 50 


75 


100 125150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8 — DROPOUT VOLTAGE 


25 50 
Ty, JUNCTION TEMPERATURE (°C) 


75 


100. «125)—s«150 


1, = 40 mA 
Vin = 5V +1 Vpp 
Vo = 1.25V 


— 
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106 1K 10K 100 K 
f, FREQUENCY (H2} 


Im 


LM117L, LM217L, LM317L 


FIGURE 11 — TEMPERATURE STABILITY FIGURE 12 — ADJUSTMENT PIN CURRENT 


Vin = 6.25 V 

Vo = Veet 

—— lL =10mA 
I, = 100 mA 


Vref. REFERENCE VOLTAGE (V) 


‘gj, ADJUSTMENT PIN CURRENT (uA) 


Seeeey ae 
Eee s Oke 


Seer ae 


50 75 «6100-125 -50 = -25 0 25 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 13 — LINE REGULATION FIGURE 14 — OUTPUT NOISE 


= 04 Vin = 4.25 to 41.25 V 
br Vo = Vret Bandwidth 100 Hz to 10 kHz 
So 
Zz 02 1, = 40 mA 
= 5 
a 0 a 
ao f<o] 
< <= 
5 -02 Ey 
[=] Oo 
> > 
5 -04 2 
a 
= $ 
3B -06 
2 
1 -08 

-1.0 

-§0  -25 0 2 50 75 100 125 150 -50  -25 0 2% 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (2C} Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM117L is a 3-terminal floating regulator, In 
Operation, the LM117L develops and maintains a nominal 
1.25 volt reference (Vref) between its output and adjust- 
ment terminals. This reference voltage is converted to a 
Programming current (IPROG) by R1 (see Figure 13), 
and this constant current flows through R2 to ground, 
The regulated output voltage is given by: 


R2 
Vout = Vref (1 + 25) + ladj R2 


Since the current from the adjustment terminal (I aqj) 
represents an error term in the equation, the LM117L was 
designed to control !aqj to less than 100 WA and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require- 
ment for a minimum load current. \f the load current is 
less than this minimum, the output voltage will rise. 

Since the LM117L is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


LM197L 


Adjust 


lAdj 


Vref = 1.25 V TYPICAL 


LOAD REGULATION 

The LM117L is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 uF disc or 1 uF tantalum input bypass capacitor 
(Cjn) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (Cap) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 uF capacitor should improve ripple 
rejection about 15dB at 120 Hz ina 10 volt application. 

Although the LM117L is stable with no output capaci- 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci- 
tance (Co) in the form of a 1 uF tantalum or 25 uF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 


PROTECTION DIODES 

When external capacitors are used with any |.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 14 shows the LM117L with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Co > 10 uF, Capy > 5 uF). 
Diode Dy prevents Co from discharging thru the 1.C. 
during an input short circuit. Diode D2 protects against 
Capacitor Capy discharging through the |.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Capy from discharging through the 1.C. 
during an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


LM1417L 
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FIGURE 19 — ADJUSTABLE CURRENT LIMITER FIGURE 20 — 5 V ELECTRONIC SHUTDOWN REGULATOR 


0, 
LM117L 1N4002 
i Vout 
LM117L oO 
*To provide current limiting of lo to = 


the system ground, the source of the 
current limiting diode must be tied 
to a negative voltage below —7,25 V. 


Vref 
'oss 
7 Vref 
'Omax + !pss 
Vo < Pov + 1.25V + Vgg 
'Umin - 'p < !¢ < 100 mA - Ip : Dj protects the device during an input short circuit 


As shown O < Ig < 95 mA. 


R22 


Minimum Vou = 1.25 V 


FIGURE 21 — SLOW TURN-ON REGULATOR FIGURE 22 — CURRENT REGULATOR 


LM117L LM117L 


Adjust 


be 


5 MA KX lousy < 100 MA | 
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LM123, LM123A 
LM223, LM223A 


MOTOROLA 
= SEMICONDUCTOR xox 
TECHNICAL DATA 


POSITIVE VOLTAGE REGULATORS 


The LM123,A/LM223,A/LM323,A are a family of monolithic inte- 
grated circuits which supply a fixed positive 5.0 volt output with 
a load driving capability in excess of 3.0 amperes. These three- 
terminal regulators employ internal current limiting, thermal shut- 
down, and safe-area compensation. An improved series with 
superior electrical characteristics and a 2% output voltage toler- 
ance is available as A-suffix (LM123A/LM223A/LM323A) device 
types. 

These regulators are offered in a hermetic metal power package 
in three operating temperature ranges. A 0°C to + 125°C temper- 
ature range version is also available in a low cost plastic power 
package. 

Although designed primarily as a fixed voltage regulator, these 
devices can be used with external components to obtain adjust- 
able voltages and currents. This series of devices can be used 
with a series pass transistor to supply up to 15 amperes at 5.0 


LM323, LM323A 


3-AMPERE, 5 VOLT 
POSITIVE 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1 


QO © 


input Output 


Case 
Gnd 


O 


PIN 1. INPUT (Bottom View) 
2. OUTPUT 


CASE GROUND 


volts. 
Output Current in Excess of 3.0 Amperes 


Available with 2% Output Voltage Tolerance 
T SUFFIX 


PLASTIC PACKAGE 


e 

® 

@ No external Components Required 

@ Internal Thermal Overload Protection CASE 221A 
e 

e 

e 


Internal Short-Circuit Current Limiting 
Output Transistor Safe-Area Compensation 
Thermal Regulation and Ripple Rejection Have Specified Limits 


PIN 1. INPUT 
2. GROUND 


BOUTIN is 2 ie coreate alee 


MAXIMUM RATINGS 
to Pin 2) 


Symbol | Value 


Input Voltage Vin 20 


Power Dissipation Py | Internally Limited 


Operating Junction Temperature LM123,A —55 to +150 
Range LM223,A —25to +150 
LM323, A { Oto +150 


Storage Temperature Range -65 to +150 


STANDARD APPLICATION 


LM123,A Output 


Co** 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.5 V above the out- 
put voltage even during the low point on the 
input ripple vattage 


ORDERING INFORMATION 
Output Voltage 
Device Tolerance 


LM123K 6% 
LM123AK 2% 


LM223K 6% 


Tested Operating 
Junction Temp. Range Package 


-55 to +150°C Metal Power 


* = Cin is required if regulator is located an 
appreciable distance from power supply 
LM323K 0 to +125°C filter. (See Applications Information for 


LM323AK details.) 
** = Co is not needed f tability; h 
LM323T Plastic Power OS TOU REE Cee TOS) ability; however, 
it does improve transient response. 
LM323AT 
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ELECTRICAL CHARACTERISTICS (T= Tiow to Thigh [see Note 1] unless otherwise specified.) 


Tain [Tye | 


Output Voltage 
(Vin = 7.5 V. 0 lout < 3.0 A, Ty = 25°C) 


Output Voltage 

(7.5 VS Vin S 15 V0 Ioyt S 3.0 A, 
P< Prax (Note 2]} 
Line Regulation 

(7.5 V< Vin < 15 V, Ty = 25°C) (Note 3) 
Load Regulation 

(Vin = 7.5 V,O< logt < 3.0 A, Ty = 25°C) 
{Note 3) 
Thermal Regulation 
(Pulse = 10 ms, P = 20 W, Ta = 25°C) 


Quiescent Current 
(7.5 V< Vin < 15 V.0 < lout < 3.0 A) 


y 


s 


3 


0.002 


= 
a/s 
we 
ind 
wo 
3 


a 
= 
fo) 
=< 
= 


w 
a 
= 
i) 
| 

w 
oO 
NS 
ts) 

aE pede st ft | 


Ouiput Noise Voltage _ _ 40 — 40 uVems 
(10 Hz<f < 100 kHz, Ty = 25°C) 
Ripple Rejection _ 62 75 7§ dB 
(B.O VS Vin < 18. lout = 2.0 A, 
f= 120 Hz, Ty = 25°C) 
Short Circuit Current Limit A 
(Vin = 15 V, Ty = 25°C) = = 45 45 
(Vin = 7.5 V, Ty = 25°C) _ — 55 5.5 
Long Term Stability 35 _— _ 35 | — | 35 mV 
Thermal Resistance Junction to Case _ - 2.0 _ 2.0 _ °C/W 
(Note 4) 
Note 1. Tigw = -55°C for LM123,A Thigh = +1 50°C for (M123, A Note 3. Load and line regulation are specified at constant junction tem- 
= -25°C for LM223,A = +180°C for LM223, A perature. Pulse testing is required with a puise width < 1.0 msand 
= O°C for LM323,A = +126°C for LM323.A a duty cycle < 5%. 
Note 2. Although power dissipation is internally limited, specifications Note 4. Without a heat sink, the thermal resistance (RaJA is 35°C/W for 
apply only for P < Prax the K package, and 65°C/W for the T package. With a heat sink, 
Pmax = 30 W for K package the effective thermal resistance can approach the specified val- 
Pmax = 25 W for T package ues of 2.0°C/W, depending on the efficiency of the heat sink. 
VOLTAGE REGULATOR PERFORMANCE 
The performance of a voltage regulator is specified by its immu- change in dissipated power can be caused by a change in either 
nity to changes in load, input voltage, power dissipation, and the input voltage or the load current. Thermal regulation is a func- 
temperature. Line and load regulation are tested with a pulse of tion of 1.C. layout and die attach techniques, and usually occurs 
short duration (< 100 us) and are strictly a function of electricat within 10 ms of a change in power dissipation. After 10 ms, addi- 
gain. However, pulse widths of longer duration (> 1.0 ms) are tional changes in the output voltage are due to the temperature 
sufficient to affect temperature gradients across the die. These coefficient of the device. 
temperature gradients can cause a change in the output voltage, Figure 1 shows the line and thermal regulation response of a 
in addition to changes caused by line and load regulation. Longer typical LM123A to a 20 watt input pulse. The variation of the out- 
pulse widths and thermal gradients make it desirable to specify put voltage due to line regulation is labeled (1) and the thermal 
thermal regulation. regulation component is labeled (2). Figure 2 shows the load and 
Thermal regulation is defined as the change in output voltage thermal regulation response of a typical LM123A to a 20 watt load 
caused by a change in dissipated power for a specified time, and pulse. The output voltage variation due to load regulation is labeled 
is expressed as a percentage glut voltage change per watt. The © and the thermal regulation component is labeled (2). 
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SCHEMATIC DIAGRAM 


50 
Output 
40 pF 
Q17 O18 : 


FIGURE 1 — LINE AND THERMAL REGULATION FIGURE 2 — LOAD AND THERMAL REGULATION 
= = 
2 2 
oO oOo 
q = 
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awn a>w~ 
[=] 9 = f=) 4 =z 
Sho O56 
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= 
23 
Sa Sa 
‘ee ae 
= 22 
>> 80V ae 
ap 
—_ QO 
t. TIME (2.0 ms/div } t. TIME (2.0 ms/div.} 
1M123A iM123A 
Vg = 5.0V Vg =50V 
Vin = 8.0 V 18 V-~8.0V © = Reding = 2.4 mV Vin = 15 ® = Regigag = 4.4 mV 
lout = 2.0 A ® = Regtherm = 0.0015%Vg/W lout = OA20A-—0A @ = Regterm = 0.0015%V9/W 
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FIGURE 3 — TEMPERATURE STABILITY 


Vin = 10-V 
lout = 100 mA 


Vg. OUTPUT VOLTAGE {Vdc} 


~-90 — -50 -10 30 70 110 150 190 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 5 — RIPPLE REJECTION versus FREQUENCY 
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FIGURE 7 — QUIESCENT CURRENT versus 
INPUT VOLTAGE 
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FIGURE 4 — OUTPUT IMPEDANCE 


100 


19-1 


rg, OUTPUT IMPEDANCE (1) 
=) 
I 
ny 


1.0 10 100 1Ok Ik {00% 10M 10M 100M 
f, FREQUENCY (Hz) 


FIGURE 6 — RIPPLE REJECTION versus 
OUTPUT CURRENT 
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FIGURE 9 — DROPOUT VOLTAGE FIGURE 10 — SHORT CIRCUIT CURRENT 
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FIGURE 13 — MAXIMUM AVERAGE POWER FIGURE 14 — MAXIMUM AVERAGE POWER 
DISSIPATION FOR LM123K and LM223K DISSIPATION FOR LM323K 


40 


ek 7 
Maximum Ambient 


Osa of Heat Sinks OSA of Heat Si 


Infinite 
NU Heat Sink 


PD(AV), MAXIMUM AVERAGE POWER DISSIPATION (W) 
PpiAv). MAXIMUM AVERAGE POWER DISSIPATION (W) 


Ty, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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APPLICATIONS INFORMATION 


Design Considerations 


The LM123,A Series of fixed voltage regulators are designed with 
Thermal Overload Protection that shuts down the circuit when subjected 
to an excessive power overload condition, Internal Short-Circuit Protection 
that limits the maximum current the Circuit will pass, and Output Transis- 
tor Safe-Area Compensation that reduces the output short-circuit current 
as the voltage across the pass transistor is increased. 

In many low current applications, compensation capacitors are not 
required. However, it is recommended that the regulator input be bypassed 
with a capacitor if the regulator is connected to the power supply filter with 


FIGURE 15 — CURRENT REGULATOR 


Constant 
Current to 
Grounded Load 


LM123,A ie 


0.33 uF i d 


~_ 
!o 


The LM123,A regulator can also be used as a current source when 
connected as above. Resistor R determines the current as follows: 


5.0 V 
lo=~_ + IB 


Alig = 0.7 mA over line, load and temperature changes 
Ip = 3.5 mA 


For example, a 2-ampere current source would require R to be a 2.5 


ohm, 15 W resistor and the output voltage compliance would be the 
input voltage less 7.5 volts. 


FIGURE 17 — CURRENT BOOST REGULATOR 


2N4398 or Equiv 


(nput 


Output 


LM123,4 


The LM123,A series can be current boosted with a PNP transistor. The 
2N4398 provides current to 15 amperes. Resistor R in conjunction with 
the Vge of the PNP determines when the pass transistor begins con- 
ducting; this circuit is not short-circuit proof. Input-output differential 
voltage minimum is increased by the VBE of the pass transistor. 


tong wire lengths, or if the output load capacitance is large. An input by- 
pass capacitor should be selected to provide good high-frequency charac- 
teristics to insure stable operation under all load conditions. A 0,33 yF or 
larger tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should be 
mounted with the shortest possible leads directly across the regulator's 
input terminals. Normally good construction techniques should be used 
to Minimize ground loops and lead resistance drops since the regulator has 
no external sense lead 


FIGURE 16 — ADJUSTABLE OUTPUT REGULATOR 


Ll LM123,A a 


Output 


0.1 
ME 


Vo. 8.0 V to 20 V 
Vin- Vo 22.5V 


The addition of an operational amplifier allows adjustment to higher 
or intermediate values while retaining regulation characteristics. The 
minimum voltage obtainable with this arrangement is 3.0 volts greater 
than the regulator voltage. 


FIGURE 18 — CURRENT BOOST WITH 
SHORT-CIRCUIT PROTECTION 


2N4398 
Rsc or Equiv 


Input 


MJ2955 
or Equiv 


LM123,A 


Output 


The circuit of Figure 17 can be modified to provide supply protection 
against short circuits by adding a short-circuit sense resistor, RSC, and 
an additional PNP transistor. The current sensing PNP must be able to 
handle the short-circuit current of the three-terminal regulator. There- 
fore, an eight-ampere power transistor is specified. 
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TECHNICAL DATA 


THREE-TERMINAL ADJUSTABLE 
OUTPUT NEGATIVE VOLTAGE REGULATORS 

The LM137/237/337 are adjustable 3-terminal negative voltage 
regulators capable of supplying in excess of 1.5 A over an output 
voltage range of —1.2 V to —37 V. These voltage regulators are 
exceptionally easy to use and require only two external resistors 
to set the output voltage. Further, they employ internal current 
limiting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LM137 series serve a wide variety of applications including 
focal, on-card regulation. This device can also be used to make 
a programmable output regulator; or, by connecting a fixed re- 
sistor between the adjustment and output, the LM137 series can 
be used as a precision current regulator. 


e@ Output Current in Excess of 1.5 Ampere in K and T Suffix 
Packages 

e Output Current in Excess of 0.5 Ampere in H Suffix Package 

@ Output Adjustable Between — 1.2 V and —37 V 

@ internal Thermal Overload Protection 

@ internal Short-Circuit-Current Limiting, Constant with 
Temperature 

e Output Transistor Safe-Area Compensation 

@ Floating Operation for High Voltage Applications 

e Standard 3-Lead Transistor Packages 

@ Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


*Cin is required if regulator is located more than 4 inches from power supply 

filter. A 1 uF solid tantalum or 10 uF aluminum electrolytic is recommended. 

**Co is necessary for stability. A 1 uF solid tantalum or 10 uF aluminum electro- 
lytic is recommended. 


Vout = -1.25 V(1 +B, 


#Automotive temperature range selections are available with special test conditions and 
additional tests. Contact your local Motorola sales office for information. 


THREE-TERMINAL 
ADJUSTABLE NEGATIVE 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1 


{Bottom View) 
CASE IS INPUT 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


PIN 1. ADJUST 
2. Vin 
3. Vout 


Heatsink surface connected 
to Pin 2 


H SUFFIX 
METAL PACKAGE 
CASE 79 


(Bottom View) 


CASE 
1S INPUT 
PIN 1. ADJUST 
2. OUTPUT 
3 34; 3. INPUT 


ORDERING INFORMATION 
Tested Operating 
Device Temperature Range 
M137H Ty = —55°C to + 150°C Meta! Can 
LM137K Meta! Power 


LM237H Ty = —25°C to + 150°C Metal Can 
LM237K Metal Power 


LM337H Metal Can 


LM337K Ty = 0°C to + 125°C Metal Power 
LM337T Plastic Power 


LM337BT# | Ty = —40°C to + 125°C Plastic Power 
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MAXIMUM RATINGS 


Input-Output Voltage Differential 


Power Dissipation 


Operating Junction Temperature Range 


-—55 to + 150 
—25 to + 150 
Oto +125 


Storage Temperature Range 


-65 to +150 


ELECTRICAL CHARACTERISTICS (|V|—Vo| = 5.0 V, |o = 0.5 A for K and T packages; Io = 0.1 A for H package; 
Ty = Tlow to Thigh [see Note 1], Imax and Pmax per Note 2, unless otherwise specified.) 


Figu 


Line Regulation (Note 3) 
Ta = 25°C, 3.0 V < |Vj-Vo] < 40 V 


Load Regulation (Note 3) 
Ta = 25°C, 10 mA < Ig < Imax 
Vol < 5.0 V 
\Vol = 5.0 V 


Thermal Regulation 
10 ms Pulse, Ta = 


25°C 
Adjustment Pin Current 
Adjustment Pin Current Change 
2.5 V < |VI-Vol = 40 V 
10mA = IL s Imax: 
Pp Ss Pmax: TA = 25°C 
Reference Voltage (Note 4) Ta = +25°C 
3.0 V < |V|-Vo| = 40 V, 10 MA < Ip < 
Imax: Pp = Pmax: Ty = Tlow to Thigh 


Line Regulation (Note 3) 
3.0 V < |Vj-Vo] = 40 V 


Load Regulation (Note 3) 


Temperature Stability (Tipw < Ty < Thigh) 

Minimum Load Current to 

Maintain Regulation (|Vj-Vo| < 10 V) 
(IVi-Vol < 40 V) 


Maximum Output Current 
[Vi-Vol < 15 V, Pp < Pmax 
K and T Packages 
H Package 
M-Vol = 40 V, Pp < Pmax, Ty = 25°C 
K and T Packages 
H Package 


RMS Noise, % of Vo 
Ta = 25°C, 10 Hz < f < 10 kHz 


Ripple Rejection, Vo = —10V,f = 120 Hz (Note 5) 
Without Cag; 
Cadj = 10 ut 


Long-Term Stability, Ty = Thigh (Note 6) 
Ta = 25°C for Endpoint Measurements 


Thermal Resistance Junction to Case 
H Package 
K Package 
T Package 


NOTES: 
(1) Tlow = ~55°C for LM137 
~ 25°C for LM237 
°C for LM337 
(2) Imax = 1.5 A for K and T Packages 
= 0.5 A for H Package 
Pmax = 20 W for K and T Packages 
= 2 W for H Package 
(3) Load and fine regulation are specified at a constant junction tem- 
perature. Pulse testing with a low duty cycle is used. Change in Vo 
because of heating effects is covered under the Thermal Regulation 
specification. 
(4) Selected devices with tightened tolerance reference voltage 
available. 


+ 150°C for LM137 
+ 150°C for LM237 
+ 125°C for LM337 


Thigh 


= 
@ 


(5) Cagj, when used, is connected between the adjustment pin and 
ground. 

(6) Since Long Term Stability cannot be measured on each device before 
shipment, this specification is an engineering estimate of average 
stability from lot to lot. 

{7) Power dissipation within an I.C. voltage regulator produces a tem- 
perature gradient on the die, affecting individual !.C. components 
on the die. These effects can be minimized by proper integrated 
circuit design and layout techniques. Thermal Regulation is the effect 
of these temperature gradients on the output voltage and is 
expressed in percentage of output change per watt of power change 
in a specified time. 
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SCHEMATIC DIAGRAM 
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FIGURE 1 — LINE REGULATION AND Alagj/LINE TEST CIRCUIT 


0.2 


*Pulse Testing Required: 
1% Duty Cycle 
is suggested. 
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FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT 


*Pulse Testing required: 
1% Duty Cycle is suggested. 


SL —Vo (min. Load) 
Vo (max. Load) 
VO (min. Load) ~ VO(max. Load) , , 


00 
VO (min. Load) 


Load Regulation (mV) = Vo (min. Load) — VO (max. Load) Load Regulation (% Vo) = 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate R2: 


V 
J fr o2O- 2p 
Re (ee, i) m1 


This assumes laqj ~ __ Pulse Testing Required: 
is negligible. 1% Duty Cycle is suggested. 


FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT 


! + 
Cadj 7B 10 LF 


1N4002 


*D1 Discharges Cagj if Output is shorted to Ground. 
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FIGURE 6 — CURRENT LIMIT 


FIGURE 5 — LOAD REGULATION 


(%) 3DNVHI 3DVLTOA 1ndino “av 


50 75 100 125 180 


25 
Ty, JUNCTION TEMPERATURE (°C) 


V, — Vo, INPUT ~ OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


FIGURE 8 — DROPOUT VOLTAGE 


FIGURE 7 — ADJUSTMENT PIN CURRENT 


(v7) LNJHUND Nid LNaWuSNroy 1PM) 


50 
, JUNCTION TEMPERATURE (°C) 


‘ JUNCTION TEMPERATURE (°C) 


qy 


FIGURE 10 — MINIMUM OPERATING CURRENT 


FIGURE 9 — TEMPERATURE STABILITY 


Lee ene 
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INPUT — OUTPUT VOLTAGE DIFFERENTIAL oe 
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Ty, JUNCTION TEMPERATURE (°C) 
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RR, RIPPLE REJECTION (dB) 


RR, RIPPLE REJECTION (dB) 


SVg, QUTPUT VOLTAGE 
DEVIATION (V} 


AV, INPUT VOLTAGE 
CHANGE (V) 


LM137, LM237, LM337 


FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE FIGURE 12 — RIPPLE 


RA, RIPPLE REJECTION (dB) 
r= 


TTT wittowt cost TT 
il HH Baill 
PP CET EE 


REJECTION versus OUTPUT CURRENT 


Vp, OUTPUT VOLTAGE (V) 


seat a 
ime 


0 
0 ~§ ~10 -15 20 25 -30 -35 -40 6.01 0.1 


1 


Ig, OUTPUT CURRENT (A) 


FIGURE 13 — RIPPLE REJECTION versus FREQUENCY FIGURE 14 — OUTPUT IMPEDANCE 


Vp 
Vgz- 

1, = 500 mA 
Ty = 25°C 


Zg, OUTPUT IMPEDANCE (32) 


f, FREQUENCY (Hz) 


t, FREQUENCY (Hz) 


FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD FRANSIENT RESPONSE 
i ieee TA = 
na is 
Pie) Sear Abele 
MILLI § @ ee ee 
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t, TIME (ys) 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 


The LM137 is a 3-terminal floating regulator. In op- 
eration, the LM137 develops and maintains a nominal 
— 1.25 volt reference (Ve) between its output and ad- 
justment terminals. This reference voltage is converted 
to a programming current (IpROG) by R1 (see Figure 
17), and this constant current flows through R2 from 
ground. The regulated output voltage is given by: 


R2 


Since the current into the adjustment terminal (lgqj) 
represents an error term in the equation, the LM137 was 
designed to control laqj to less than 100 »A and keep 
it constant. To do this, all quiescent operating current 
is returned to the output terminal. This imposes the 
requirement for a minimum load current. If the load 
current is less than this minimum, the output voltage 
will increase. 

Since the LM137 is a floating regulator, it is only the 
voltage differential across the circuit that is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


LM137 
Vout 


Vref = -1.25 V Typically 


LOAD REGULATION 


The LM137 is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 


returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A1 uF tantatum input bypass capacitor (Cjp) is recom- 
mended to reduce the sensitivity to input line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (Cagj) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 uF capacitor should improve ripple 
rejection about 15 dB at 120 Hz in a 10 volt application. 

An output capacitor (Co) in the form of a1 uF tantalum 
or 10 uF aluminum electrolytic capacitor is required 
for stability. 


PROTECTION DIODES 


When external capacitors are used with any |.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
Current points into the regulator. 

Figure 18 shows the LM137 with the recommended 
protection diodes for output voltages in excess of -25 V or 
high capacitance values (Co > 25 pF, Cagj > 10 uF). 
Diode Dy prevents Co from discharging thru the |.C. 
during an input short circuit. Diode D2 protects against 
Capacitor Cadj discharging through the I.C. during an 
Output short circuit. The combination of diodes D1 and 
D2 prevents Caqj from discharging through the I.C. during 
an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 
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TECHNICAL DATA 


THREE-TERMINAL POSITIVE VOLTAGE REGULATORS 


This family of fixed voltage regulators are monolithic integrated 
circuits capable of driving loads in excess of 1.0 ampere. These 
three-terminal regulators employ internal current limiting, ther- 
mal shutdown, and safe-area compensation. Devices are available 
with improved specifications, including a 2% output voitage tol- 
erance, on A-suffix 5.0, 12 and 15 volt device types. 

Although designed primarily as a fixed voltage regulator, these 
devices can be used with external components to obtain adjust- 
able voltages and currents. This series of devices can be used 
with a series-pass transistor to boost output current capability at 
the nominal output voltage. 

Output Current in Excess of 1.0 Ampere 

No External Components Required 

Output Voltage Offered in 2% and 4% Tolerance* 
Internal Thermal Overload Protection 

Internal Short-Circuit Current Limiting 

Output Transistor Safe-Area Compensation 


ORDERING INFORMATION 


Tested Operating 
Junction Temp. Range Package 


Metal Power 


Metal Power 
Plastic Power 


Plastic Power 
Metal Power 
Plastic Power 


Metal Power 
O°C to +125°C 


Plastic Power 


Output Voltage 


and Tolerance 


5.0V + 2% 
15 V + 4% 


—55°C to + 150°C 


LM340AK-12 12V + 2% 
LM340T-12 12V + 4% 


LM340AT-12 12V + 2% 
LM340K-15 15V + 4% 
LM340AK-15 15V + 2% 


*2% regulators are available in 5, 12 and 15 voit devices 


LM140,A Series 


LM340,A Series 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1 


Input Output 
Case 
Gnd 


PIN 1. INPUT O 
2. OUTPUT 


CASE GROUND (Bottom View) 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


PIN 1. INPUT (Heatsink surface 


2. GROUND connected to 
3. OUTPUT Pin 2) 


Output 


LM140-XX 


Co** 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 1.7 V above the 
output voltage even during the low point on 
the input ripple voltage. 


XX = these two digits of the type number 
indicate voltage. 


* = Cjn is required if regulator is located 
an appreciable distance from power 
supply filter. 


** = Co is not needed for stability; how- 
ever, it does improve transient re- 
sponse. If needed, use a 0.1 uF ce- 
ramic disc. 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


Input Voltage (5.0 V — 18 V) 
(24 V) 


Power Dissipation and Thermal Characteristics 
Plastic Package 
Ta = +25°C Internally Limited 
Derate above Ta = +25°C 15.4 
Thermal Resistance, Junction to Air 65 


Tc = +256°C Internally Limited 
Derate above Tc = +75°C (See Figure 1) 200 
Thermal Resistance, Junction to Case 5.0 


Metal Package 
To = +25°C Internally Limited 
Derate above Ta = +25°C 22.5 
Thermal Resistance, Junction to Air 45 


Tc = +25°C Internally Limited 
Derate above Tc = +65°C (See Figure 2) 182 
Thermal Resistance, Junction to Case 


Storage Junction Temperature Range 


Operating Junction Temperature Range 
LM140,A -55 to +150 
LM340,A 0 to +150 
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DEFINITIONS 


Line Regulation — The change in output voltage for a change 
in the input voltage. The measurement is made under condi- 
tions of low dissipation or by using pulse techniques such that 
the average chip temperature is not significantly affected. 

Load Regulation — The change in output voltage for a 
change in load current at constant chip temperature. 

Maximum Power Dissipation — The maximum total device 


LM140/340 — 5.0 


ELECTRICAL CHARACTERISTICS (V;,, = 10 V, ig = 500 mA, Ty = 


Characteristic 


Output Voltage (Ty = + 25°C) 
5.0 mA to 1.0A 


lo = 
Line Regulation (Note 2) 


8.0 to 20 Vdc 

7.0 to 25 Vde (Ty = +25°C) 

8.0 to 12 Vdc, lo = 1.0A 

7.3 to 20 Vdc, Io = 1.0 A(Ty = +25°C) 


dissipation for which the regulator will operate within 
specifications. 

Quiescent Current — That part of the input current that is 
not delivered to the load. 

Output Noise Voltage — The rms ac voitage at the output, 
with constant load and no input ripple, measured over a spec- 
ified frequency range. 


igh (Note 1), unless otherwise noted). 


Load Regulation (Note 2) 
50mA< 19 =< 1.0A 


5.0mA slg = 1.5A (Ty = +25°C) 

250 mA < Ig < 750 mA (Ty = + 25°C) 
Output Voltage 

LM140 


8.0 < Vin < 20 Vdc, 5.0 mA < 19 = 1.0A, Pp < 15 W 
LM340 
7.0 < Vin < 20 Vdc, 5.0 mA = Ig < 1.0A, Pp < 15 W 


t 
Quiescent Current 


lo = 10A 
LM140 
LM340 
LM140 (Ty = +25°C) 
LM340 (Tj = +25°C 
(Ty ) 


Quiescent Current Change 


8.0 < Vin < 25 Vdc, |g = 500 mA LM140 
7.0 < Vin < 25 Vde, ig = 500 mA LM340 
5.0MA <Ig < 1.04, Vin = 10V —_LM140, LM340 
8.0 < Vin < 20 Vdc, |p = 1.0A LM140 
7.5 < Vin < 20 Vde. lo = 1.0A LM340 


Ripple Rejection 
LM140 
LM340 
lo = 10OA(Ty = +25°C) 
LM140 
L LM340 


[Dropout Voltage 
Output Resistance (f = 1.0 kHz) 


pos 
Short-Circuit Current Limit (Ty = + 25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz < f < 100 kHz 


Average Temperature Coefficient of Output Voltage 
lo = 5.0mA 


Peak Output Current (Ty = + 25°C) 


Input Voltage to Maintain Line Regulation (Ty = 
lo = 1.0A 


+ 25°C) 


NOTES: 1. Tiow = -55°C for LM140 
= 0°C for LM340 


+ 150°C for LM140 
+ 125°C for LM340 


Thigh 


you 


2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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LM140A/340A — 5.0 
ELECTRICAL CHARACTERISTICS (Vj, = 10 V, Io = 1.04, Tj = Tlow to Thigh (Note 1), unless otherwise noted). 


Characteristic Symbol Min Typ | Max | Unit | 
f___________ 
Output Voitage (Ty = + 25°C} Vo 49 5.0 5.1 Vdc 
lo = 5.0mAto1.0A 
p— 
Line Regulation (Note 2) Regline mv 
7.5 to 20 Vdc, Iq = 500 mA = _— 10 
7.3 to 20 Vde (Ty = +25°C) — 3.0 10 
8.0 to 12 Vde _ = 12 
8.0 to 12 Vde (Ty = +25°C) = = 4.0 
Pew ; if 
Load Regulation (Note 2) ReQload mV 
5.0mMA<l9 <1.0A _— — 25 
5§.0mA < Ig <= 1.5 A(Ty = +25°C) — _ 25 
L 250 mA = IQ = 750 mA (Ty = +25°C) ri eee eer 15 
Output Voltage Vo 48 _ 5.2 Vde 
7.5 <= Vin = 20 Vdc, 5.0 mA < Ig < 1.0A, Pp <= 15W 
pa nS See 
Quiescent Current 
(Ty = +25°C) 
Quiescent Current Change 


5.0 mA < lg <= 1.0A, Vin = 10 V 
8.0 < Vin < 25 Vdc, Io = 500 mA 
7.5 = Vin < 20 Vde, IQ = 1.0A(Ty = +25°C) 


Ripple Rejection 
8.0 < Vin S 18 Vde, f = 120 Hz 


Io = 500 mA 68 _— —_ 

lo = 10A(Ty = +25°C) 68 80 — 
Dropout Voltage Vin- VO — 1.7 _ Vde 
Output Resistance (f = 1.0 kHz) rO = 2.0 = mQ 
Short-Circuit Current Limit (Ty = +25°C) Igc¢ _ 2.0 _ mA 
Output Noise Voltage (Ta = + 25°C) Vn _— 40 _ Vv | 


10 Hz <= f = 100 kHz 


Average Temperature Coefficient of Output Voltage TCVO — +0.6 a mvV/°C 
lo = 5.0mA 
a a 
Peak Output Current (Tj = + 25°C) Te) = 2.4 = A 
}— ee eee 
Input Voltage to Maintain Line Regulation (Ty = +25°C) L 7.3 — — Vdc 
NOTES: 
1. Tlow = — 55°C for LM140A Thigh = + 150°C for LM140A 
= 0°C for LM340A = + 125°C for LM340A 


2, Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140/340 — 6.0 
ELECTRICAL CHARACTERISTICS (Vj, = 11 V, Io = 500 mA, TJ = Tlow to Thigh (Note 1), unless otherwise noted). 


Characteristic 


Output Voltage (Ty = +25°C) 
Io = 5.0 mA to 1.0A 


Line Regulation (Note 2) 
9.0 to 21 Vdc 

8.0 to 25 Vde (Ty = +25°C) 

9.0 to 13 Vde, Ig = 10A 

8.3 to 21 Vdc, Ig = 1.0 A (Ty = +25°C) 


Load Regulation (Note 2) Regload mV 
5.0mMA<IQ9 <1.0A — 60 
5.0mMA <I9 <15A(Ty = +25°C) _ 60 
250 mA < Ig = 750 mA (Ty = + 25°C) _ 30 


Output Voltage Vo Vdc 
LM140 
9.0 < Vin = 21 Vdc, 5.0 MA < 19 = 1.0A, Pp <= 15 W 5.7 _— 6.3 
LM340 
8.0 < Vin < 21 Vdc, 6.0 MA < lo <= 1.0A, Pp = 15W 5.7 _ 6.3 


Quiescent Current IB mA 


lo = 1.0A 
LM140 = _ 7.0 
LM340 = _ 8.5 
LM140 (Ty = +25°C) = 4.0 6.0 
LM340 (Ty = + 25°C) — 4.0 8.0 


Quiescent Current Change Alp mA 
9.0 < Vin = 25 Vde, Iq = 500 mA _ LM140 — _ 0.8 
8.0 < Vin < 25 Vdc, lo = 500 mA _ —LM340 —_ _ 1.0 
5.0 mA < 1g <= 1.0A, Vin = 11V LM 140, LM340 — _ 0.5 
9.0 < Vin = 21 Vdc, IQ = 10A LM140 _ _ 0.8 
8.6 < Vin = 21 Vdc, IQo = 1.0A LM340 — — 1.0 


Unit 
Vdc 


mV 


il 


Ripple Rejection RR dB 
LM140 65 _ _ 
LM340 59 _ and 

Io = 1.0A (Ty = +25°C) 
LM140 65 78 _ 
LM340 59 78 — 


Dropout Voltage Vin- Vo _ Vde 


Output Resistance {f = 1.0 kHz} rO —_— 2.0 


Short-Circuit Current Limit (Ty = + 25°C) Isc =| 1.9 mA 
-———__— + 
Output Noise Voltage (Ta = + 25°C) Vn _ 45 pV 
10 Hz <= f <= 100 kHz 
. . = 


Average Temperature Coefficient of Output Voltage TCVg — +0.7 
Io = 5.0mA 


Peak Output Current (Ty = + 25°C) 
Input Voltage to Maintain Line Regulation (Ty = +25°C) 8.3 | _— —_ Vde 


Ilo = 10A 


NOTES: 
1. Tlow = — 55°C for LM140 Thigh = + 150°C for LM140 
= 0°C for LM340 = + 125°C for LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM 140/340 — 8.0 


ELECTRICAL CHARACTERISTICS (V;, = 14 V, Io = 500 MA, Ty = Tigw to Thig 


Characteristic 


Output Voltage (Ty = + 25°C) 
ig = 5.0 mAto 1.0A 


Vo 


h (Note 1), unless otherwise noted). 


Line Regulation (Note 2) 
11 to 23 Vde 
10.5 to 25 Vde (Ty = +25°C) 
11 to 17 Vde, lg = 104 
10.5 to 23 Vde, Io = 1.0A(Ty = +25°C) 


Load Regulation (Note 2) 
5.0mA<=!I9 = 1.0A 
5.0mMA< lg <= 15A(Ty = +25°C) 
250 mA = Iq = 750 MA (Ty = + 25°C) 


Regline 


Regioad 


Output Voltage 
LM140 
11.5 <= Vin = 23 Vdc, 5.0 mA < Ig <= 1.0A, Pp = 18 W 
LM340 
10.5 = Vin = 23 Vde, 5.0 mA <= Ig < 10A, Pp = 15 W 


Quiescent Current 
lo = 1.0A 
LM140 _ — 7.0 
LM340 _ _— 8.5 
LM140 (Ty = + 25°C) — 4.0 6.0 
LM340 (Ty = + 25°C) Tee 4.0 8.0 
Quiescent Current Change slg mA 
11.5 < Vin < 25 Vdc, Io = 500 mA LM140 _ = 0.8 
10.5 <= Vjn = 25 Vdc, Iq = 500 mA LM340 _ _ 1.0 
5.0 mA = lo <= 1.0A, Vin = 14V LM140, LM340 _ _ 0.5 
11.5 < Vin < 23 Vde, Ig = 1.0A LM140 — — 0.8 
10.6 < Vin < 23 Vdc, ig = 1.0A LM340 | ee ee ee on 
Ripple Rejection RR dB 
LM140 62 —_ —_— 
LM340 56 — _ 
Io = 1.0 A(Ty = +25°C) 
LM140 
LM340 
Dropout Voltage 


Output Resistance (f = 1.0 kHz) 
Short-Circuit Current Limit (Tj = + 25°C) 


Output Noise Voltage (Ta = + 25°C) 
10 Hz = f = 100 kHz 


Average Temperature Coefficient of Output Voltage 


Io = 5.0 mA 
Peak Output Current (Ty = + 25°C) 


Input Voltage to Maintain Line Regulation (Ty = + 25°C) 
lo = 1.0A 


NOTES: 
1. Tow 


- 55°C for LM140 Thigh = + 150°C for LM140 
0°C for LM340 = + 125°C for LM340 

2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 12 


ELECTRICAL CHARACTERISTICS (Vin = 19 V, |o = 500 mA, Ty = Tlow to Thigh (Note 1), unless otherwise noted). 


Output Voltage (Ty = + 25°C) 
Igo = 5.0 mAto 1.0A 


Line Regulation (Note 2) 

15 to 27 Vde 

14.6 to 30 Vde (Ty = +25°C) 

16 to 22 Vdc, Io = 1.0A 

14.6 to 27 Vdc, IQ = 1.0 A(Ty = +25°C) 


Load Regulation (Note 2) 
5.0mMA<IQ = 1.0A 
5.0mA = !lQ = 1.5 A (Ty = +25°C) 
250 MA = Ig = 750 MA (Ty = + 25°C) 


Regioad 


Characteristic Symbol Min Typ Max Unit 
Vo 11.5 12 12.5 Vde 
ReGline mv 

_ —_ 120 

_ ~ 120 


mV 


Output Voltage 
LM140 
15.5 = Vin < 27 Vdc, 5.0 mA = [Ig = 1.0A, Pp = 15 W 
LM340 : 
14.5 < Vin < 27 Vde, 5.0 MA < IQ < 1.0A,Pp< 15W 


Vo 


Vde 


Quiescent Current 
lo = 1.0A 
LM140 
LM340 
LM140 (Ty = + 25°C) 
fa LM340 (Ty = +25°C) 


mA 


Quiescent Current Change 
15 < Vin <= 30 Vdc, Io = 500 mA LM140 
14.5 = Vin = 30 Vdc, lq = 500 MA LM340 
5.0mA <= lg = 1.0A, Vin = 19V LM140, LM340 
15 < Vin = 27 Vde, lo = 1.0A LM140 
14.8 = Vin = 27 Vdo, IQ = 1.0A LM340 


Alg 


mA 


Rippte Rejection 
LM140 
LM340 
lo = 10A (Ty = +25°C) 
LM140 
LM340 


RR 


| Dropout Voltage 


dB 


Vde 


Output Resistance (f = 1.0 kHz) 


mQ 


,-—— 
Short-Circuit Current Limit (Ty = + 25°C) 


Output Noise Voltage (Ta = +25°C) 
10 Hz = f = 100 kHz 


Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA 


| Peak Output Current (Ty = +25°C) 


Input Voltage to Maintain Line Regulation (Ty = +25°C) 
lo = 1.0A 


NOTES: 
1. Tlow = — 55°C for LM140 Thigh = + 180°C for LM140 


+ 125°C for LM340 


2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140A/340A — 12 
ELECTRICAL CHARACTERISTICS (Vj, = 19 V. IQ = 1.04, Ty = Tiow to Thig 


Characteristic 


Output Voltage (Ty = +25°C) 
Io = 5.0 MAto 1.0A 


Line Regulation (Note 2) 
14.8 to 27 Vdc, Iq = 500 mA 
14.5 to 27 Vde (Ty = +25°C) 
16 to 22 Vdc 
16 to 22 Vde (Ty = +25°C) 


-——_—___—— 


Load Regulation (Note 2) 
5.0mMA<I9 <1.0A 
50mMA <9 =< 1.5 A(TG = +25°C) 
250 mA < Ig < 750 mA (Ty = +25°C) 


Output Voltage 
14.8 = Vin = 27 Vde, 5.0 MA = Ig <= 1.0A, Pp = 15 W 
= 


Quiescent Current 
(Ty = +25°C) 


Quiescent Current Change 


5.0 mA <19 <1.0A, Vin = 19V 


h (Note 1), unless otherwise noted). 


15 < Vin = 30 Vdc, lq = 500 mA 
14.8 < Vin < 27 Vdc, Io = 1.0 A(T) = +25°C) - — 0.8 
+— +— + aan I — 
Ripple Rejection RR dB 


15 < Vin = 25 Vdc, f = 120 Hz 
!g = 500 mA 
Io = 1.0A, (Ty = +25°C) 


Short-Circuit Current Limit (Ty = + 25°C) 


Output Noise Voltage (Ta = + 25°C) 
10 Hz < f = 100 kHz 


Average Temperature Coefficient of Output Voltage 
lo = 5.0mA 


Peak Output Current (Ty = + 25°C) 


input Voltage to Maintain Line Regulation (Ty = + 25°C) 14.5 — — Vde 
NOTES: 
4. Tlow = ~ 55°C for LM140A Thigh = + 150°C for LM140A 


= 0°C for LM340A = +125°C for LM340A 
2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account 
separately. Puise testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140A/340, — 15 
ELECTRICAL CHARACTERISTICS (Vj, = 23 V, |o = 500 mA, Ty = Tiow tO Thigh (Note 1), unless otherwise noted). 


Output Voltage (Ty = + 25°C) Vo 14.4 15 Vdc 
lo = 5.0 mA to 1.0A 


Line Regulation (Note 2) i mV 
18.5 to 30 Vde 
17.5 to 30 Vde (Ty = +25°C) 
20 to 26 Vdc, Ig = 1.0 
17.7 to 30 Vdc, |g = 1.0A(Ty = +25°C) 


Load Regulation (Note 2) 
50mA S19 =< 1.0A 
50mMA<IQ9 S15 A(Ty = +25°C) 
250 mA = Ig < 750 mA (Ty = +25°C) 


Output Voltage 
LM140 
18.5 <= Vin 30 Vdc, 5.0 mA < Ig = 1.0A, Pp = 15 W 
LM340 
17.5 = Vin = 30 Vdc, 5.0 mA < Ig = 1.0A, Pp = 15 W 


Quiescent Current 


lo = 1.0A 
LM140 
LM340 
LM140 (Tj = +25°C) 
LM340 (Ty = +25°C) 


Quiescent Current Change 


18.5 = Vin = 30 Vdc, lo = 500 mA LM140 
17.5 = Vin = 30 Vdc, ig = 500 mA LM340 
5.0 mA s IQ § 1.0A, Vin = 23 V LM140, LM340 
18.5 = Vin <= 30 Vdc, lo = 1.0A LM140 | 
17.9 = Vin < 30 Vdc, IQ = 1.0A LM340 
Ripple Rejection | 
LM140 
LM340 
Igo = 1.0 A (Ty = +25°C) 
LM140 
LM340 


Dropout Voltage 
Output Resistance (f = 1.0 kHz) 
Short-Circuit Current Limit (Ty = + 25°C) 


Output Noise Voltage (Ta = + 25°C) 
10 Hz = f = 100 kHz 


; Average Temperature Coefficient of Output Voltage TCVO _ 1.8 ~— 
lo = 5.0 mA 
Peak Output Current (Ty = +25°C) = ye ee A 
Input Voltage to Maintain Line Regulation (Ty = + 25°C) _ Vde 
I9 = 1.0A 


NOTES: : 
1. Tlow = — 55°C for LM140 Thigh = + 150°C for LM140 
= = +125°C for LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 


mvV/°C 
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LM140,A, LM340,A 


LM140A/340A — 15 
ELECTRICAL CHARACTERISTICS (Vj, = 23 V, Ico = 1.04, Ty = Tlow to Thigh (Note 1), unless otherwise noted). 


Characteristic 


| Symbol] Min | Typ | Mex | Unit | 
Output Voltage (Ty = + 25°C) Vo 14.7 15 Vde 
io = 5.0 MAto 1.0A 
-mV 


Line Regulation (Note 2) 

17.9 to 30 Vdc, lo = 500 mA 

17.5 to 30 Vde (Ty = +25°C) 

20 to 26 Vdc, Io = 1.0A 

20 to 26 Vdc, Ig = 1.00 A (Ty = +25°C) 


Load Regulation (Note 2) 

5.0mMA <I9 < 1.0A 
5.0 mA < 19 < 1.5 A (Ty = +25°C) 
250 mA < Iq = 750 mA (Ty = +25°C) 


Output Voltage 
17.9 < Vin = 30 Vdc, 5.0 MA < Ig < 1.0A, Pp = 15W 


Reload 


Quiescent Current 
(Ty = +25°C) 


Quiescent Current Change 
5OmAsI9 < 10A, Vin = 23 V 
17.9 < Vin < 30 Vdc, Io = 500 mA 
17.9 < Vin < 30 Vdc, Io = 1.0A(Ty = +25°C) 


Ripple Rejection 
18.5 < Vin < 28.5 Vdc, f = 120 Hz 
igo = 500 mA 
Ig = 1.0A, (Ty = +25°C) 
+ 


Dropout Voltage 
Output Resistance (f = 1.0 kHz) 
Short-Circuit Current Limit (Ty = + 25°C) 


oe 
Output Noise Voltage (Ta = + 25°C) 
10 Hz = f < 100 kHz 


Average Temperature Coefficient of Output Voltage 
Igo = 5.0mMA 


Peak Output Current (Ty = + 25°C) 
Input Voltage to Maintain Line Regulation (Ty = +25°C) 


NOTES: 
1. Tlow 


~ 55°C for LM140A —s Thigh = + 150°C for LM140A 
0°C for LM340A = + 125°C for LM340A 

2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 18 
ELECTRICAL CHARACTERISTICS (Vj, = 27 V, Io = 500 mA, Ty = Tiow to Thic 


Characteristic 


Output Voltage (Ty = + 25°C) 
lo = 5.0 mAto1.0A 


Line Regulation (Note 2) 
21.5 to 33 Vde 

21 to 33 Vde (Ty = +25°C) 

24 to 30 Vde, Io = 1.0A 

21 to 33 Vde, Io = 10 A(Ty = +25°C) 


Load Regulation (Note 2) 

5.0mA IQ = 1.0A 

5.0mA 19 =< 1.5A(Ty = +25°C) 
250 mA = Io = 750 MA (Ty = +25°C) 


Output Voltage 
LM140 
22 <= Vin = 33 Vdc, 5.0 MA <= Io <= 1.0A, Pp = 15 W 
LM340 
21 = Vin = 33 Vdc, 5.0 MA = [9 = 1.0A, Pp = 15 W 


Quiescent Current 
lo = 1.0A 
LM140 
LM340 
LM140 (Ty + 25°C) 
LM340 (Ty = + 25°C) 


Quiescent Current Change 


h (Note 1), unless otherwise noted). 


Regioad 


22 = Vin S 33 Vdc, IQ = 500 mA LM140 
21 = Vin = 33 Vde, Iq = 500 mA LM340 
5.0 mA < 19 < 1.0A, Vin = 27V LM140, LM340 
22 < Vin = 33 Vdc, IQ = 1.0A LM140 
21 < Vin = 33 Vde, IQ = 1.0A LM340 
Ripple Rejection 

LM140 

LM340 
lo = 1.0A (Ty = +25°C) 

LM140 

LM340 


| Dropout Voltage 


| Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (Ty = + 25°C) 


pa 
Output Noise Voltage (Ta = + 25°C) 
10 Hz < f = 100 kHz 


Average Temperature Coefficient of Output Voltage 
jo = 5.0 mA 


Peak Output Current (Tj = +25°C} 
l "a eae ee : 
Input Voltage to Maintain Line Regulation (Ty = + 25°C} 


| 


= 


lo = 1.0A 
NOTES: 
1. Tlow = ~ 55°C for LM140 Thigh = + 150°C for LM140 


uot 
aod 


0°C for LM340 + 125°C for LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


LM140/340 — 24 
ELECTRICAL CHARACTERISTICS (Vi, = 33 V, Io = 500 mA, Ty = Tiow to Thigh (Note a unless otherwise noted). 


Characteristic 


Output Voltage (Tj = +25°C) Vo 
Ilo = 5.0mMAto1.0A 


Line Regulation (Note 2) Regline 
28 to 38 Vdc 
27 to 38 Vdc (Ty = +25°C} 
30 to 36 Vdc, Io = 1.0A 
27.1 to 38 Vdc, Ip = 1.0 A (Ty = +25°C) 


Load Regulation (Note 2} 
5O0mMA<IQ <1.0A 
5OmA< lg S15 A(T) = +25°C) 
250 mA = I¢ = 750 MA (Ty = +285°C) 


Output Voltage 
piesa 
< Vin < 38 Vdc, 5.0 MA < Ig < 1.0A, Pp < 15 W 
iain = 
27 < Vin < 38 Vdc, 5.0 MA < Ig < 1.0A, Pp < 15 W 


Quiescent Current 


< 
Q 
(3) 


Regioad 


lo = 1.0A 
LM140 
LM340 
LM140 (Ty = + 25°C) 
LM340 (Ty = + 25°C) 
Quiescent Current Change 
28 < Vin <= 38 Vdc, ig = 500 mA LM140 
27 = Vin = 38 Vdc, IQ = 500 mA LM340 
a mA <= lg = 1.0A, Vin = 33 V LM140, LM340 
= Vin = 38 Vdc, lo = 1.0A LM140 
on 3 = Vin = 38 Vdc, lo = 1.0A LM340 
Ripple Rejection 
LM140 
LM340 
lo = 1.0 A (Ty = +25°C) 
LM 140 
LM340 


Dropout Voltage 


Output Resistance (f = 1.0 kHz) 
Short-Circuit Current Limit (Ty = + 25°C) 


Output Noise Voltage (Ta = + 25°C) 
10 Hz = f <= 100 kHz 


Average Temperature Coefficient of Output Voltage TCVO — +3.0 — mviC 
Io = 5.0mA 


Peak Output Current (Ty = + 25°C) | lo | = 2.4 _ A 


Input Voltage to Maintain Line Regulation (Ty = + 25°C) 27.1 — — Vdc 
lo = 1.0A 


NOTES: 
1. Tlow = -— 55°C for LM140 Thigh = + 150°C for LM140 
= 0°C for LM340 + 125°C for LM340 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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LM140,A, LM340,A 


VOLTAGE REGULATOR PERFORMANCE 

The performance of a voltage regulator is specified 
by its immunity to changes in load, input voltage, power 
dissipation, and temperature. Line and load regulation 
are tested with a pulse of short duration (< 100 ys) and 
are strictly a function of electrical gain. However, pulse 
widths of longer duration (> 1.0 ms) are sufficient to 
affect temperature gradients across the die. These tem- 
perature gradients can cause a change in the output 
voltage, in addition to changes caused by line and load 
regulation. Longer pulse widths and thermal gradients 
make it desirable to specify thermal regulation. 

Thermal regulation is defined as the change in output 
voltage caused by a change in dissipated power for a 
specified time, and is expressed as a percentage output 
voltage change per watt. The change in dissipated 


FIGURE 1 — LINE AND THERMAL REGULATION 
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AVo, OUTPUT 
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LM140AK-5.0 
Vo = 5.0V 
Vin = 80V— 18V-—>80V © = Regline = 2.4 mV 
lout = 1.0A @® = Regtherm = 0.0030%VQ/W 


FIGURE 3 — TEMPERATURE STABILITY 
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rg. QUTPUT IMPEDANCE ({)) 


power can be caused by a change in either the input 
voltage or the load current. Thermal regulation is a func- 
tion of IC layout and die attach techniques, and usually 
occurs within 10 ms of a change in power dissipation. 
After 10 ms, additional changes in the output voltage 
are due to the temperature coefficient of the device. 

Figure 1 shows the fine and thermal regulation re- 
sponse of a typical LM140AK-5.0 to a 10 watt input 
pulse. The variation of the output voltage due to line 
regulation is labeled © and the thermal regulation com- 
ponent is labeled @. Figure 2 shows the load and ther- 
mal regulation response of a typical LM140AK-5.0 to a 
15 watt load pulse. The output voltage variation due to 
load regulation is labeled © and the thermal regulation 
component is labeled @. 


FIGURE 2 — LOAD AND THERMAL REGULATION 
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100M 


tp, QUIESCENT CURRENT (mA) RR, RIPPLE REJECTION (dB) 


Vin ~ Vo. INPUT/GUTPUT VOLTAGE 
DIFFERENTIAL (VOLTS) 


LM140,A, LM340,A 


FIGURE 5 — RIPPLE REJECTION versus FREQUENCY 
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FIGURE 7 — QUIESCENT CURRENT versus 
INPUT VOLTAGE 
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FIGURE 9 — DROPOUT VOLTAGE 
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FIGURE 6 — RIPPLE REJECTION versus 
OUTPUT CURRENT 
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FIGURE 10 — PEAK OUTPUT CURRENT 
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AVg. OUTPUT VOLTAGE 
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LM140,A, LM340,A 


FIGURE 11 — LINE TRANSIENT RESPONSE 


Vo = 5.0V) 
lout = 150 mA 
4 Cg =0 
[ Ty = 25%¢ 


0 10 20 30 40 
t, TIME (us) 


FIGURE 13 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 221A) 
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FIGURE 12 — LOAD TRANSIENT RESPONSE 
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FIGURE 14 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 1) 


Ruja = 65°CW 
Ty(max) = 150°C 


. — 
No Heat Sink 


-25 0 25 50 75 
Ty, AMBIENT TEMPERATURE (°C) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-64 


LM140,A, LM340,A 


Design Considerations 

The 1.M140 Series of fixed voltage regulators are de- 
signed with Thermal Overload Protection that shuts 
down the circuit when subjected to an excessive power 
overload condition, Internal Short-Circuit Protection 
that limits the maximum current the circuit will pass, 
and Output Transistor Safe-Area Compensation that re- 
duces the output short-circuit current as the voltage 
across the pass transistor is increased. 

In many low current applications, compensation ca- 
pacitors are not required. However, it is recommended 
that the regulator input be bypassed with a capacitor 
if the regulator is connected to the power supply filter 


FIGURE 15 — CURRENT REGULATOR 


LM140-5.0 


Constant 
Current to 
Grounded Load 
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'o 


These regulators can also be used as a current source when 
connected as above. In order to minimize dissipation the 
LM140-5.0 is chosen in this application. Resistor R determines 
the current as follows: 


5.0V 
lo = R 


+ lo 
IQ = 1.5 mA over line and load changes 


For example, a 1-ampere current source would require R to be 
a 5-ohm, 10-W resistor and the output voltage compliance 
would be the input voltage less 7.0 volts. 


FIGURE 17 — CURRENT BOOST REGULATOR 
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The LM140 series can be current boosted with a PNP transistor. 
The MJ2955 provides current to 5.0 amperes. Resistor R in 
conjunction with the Veg of the PNP determines when the pass 
transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased 
by Ve of the pass transistor. 


APPLICATIONS INFORMATION 


with long wire lengths, or if the output load capacitance 
is large. An input bypass capacitor should be selected 
to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or 
larger tantalum, mylar, or other capacitor having low 
internal impedance at high frequencies should be cho- 
sen. The bypass capacitor should be mounted with the 
shortest possible leads directly across the regulators 
input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead re- 
sistance drops since the regulator has no external sense 
lead. 


FIGURE 16 — ADJUSTABLE OUTPUT REGULATOR 
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The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation char- 
acteristics. The minimum voltage obtainable with thi arrange- 
ment is 2.0 volts greater than the regulator voltage. 


FIGURE 18 — SHORT-CIRCUIT PROTECTION 


MJ2955 


Input, Roc OF Equiv. 


2N6049 
or Equiv. 


me 
i 


The circuit of Figure 17 can be modified to provide supply 
protection against short circuits by adding a short-circuit sense 
resistor, Pg¢, and an additional PNP transistor. The current 
sensing PNP must be able to handle the short-circuit current 
of the three-terminal regulator. Therefore, a four-ampere plas- 
tic power transistor is specified. 
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m= SEMICONDUCTOR EI 


TECHNICAL DATA 


THREE-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATORS 


The LM150/250/350 are adjustable 3-terminal positive voltage 
regulators capable of supplying in excess of 3.0 A over an output 
voltage range of 1.2 V to 33 V. These voltage regulators are excep- 
tionally easy to use and require only two external resistors to set the 
output voltage. Further, they employ internal current limiting, 
thermal strutdown and safe area compensation, making them 
essentially blow-out proof. 

The LM150 series serve a wide variety of applications including 
local, on card regulation. This device also makes an especially 
simple adjustable switching regulator, a programmable output 
regulator, or by connecting a fixed resistor between the adjustment 
and output, the LM150 series can be used as a precision current 
regulator. 

Guaranteed 3.0 Amps Output Current 

Output Adjustable between 1.2 V and 33 V 

Load Regulation Typically 0.1% 

Line Regulation Typically 0.005%/V 

Internal Thermal Overload Protection 

internal Short-Circuit Current Limiting Constant with Temperature 
Output Transistor Safe-area Compensation 

Floating Operation for High Voltage Applications 

Standard 3-lead Transistor Packages 

Eliminates Stocking Many Fixed Voltages 


STANDARD APPLICATION 


* = Cin, is required if regulator is located an appreciable distance from power 
supply filter. 
** = C, is not needed for stability, however it does improve transient 
response. 


R 
Vout = 1.25 V (1+ a + Iagj R2 


Since !agj is controlled to less than 100 yA, the error associated with this 


term is negligible in most applications 


#Automotive temperature range selections are available with special test conditions and 
additional tests. Contact your local Motorola sales office for information. 


Temperature Range 


LM150K | Ty = —55°C to + 150°C 
LM250K | Ty = —25°C to + 150°C 
LM350K | Ty = 0 to +125°C 


EMs50T: Plastic Power 
LM350BT# | Ty = —40°C to + 125°C 


THREE-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1 


{Bottom View) 


Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


PIN 1. ADJUST 
2. Vout 
3. Vin 


Heatsink surface connected 
to Pin 2 


ORDERING INFORMATION 
Tested Operating 


Package 


Metal Power 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-66 


LM150, LM250, LM350 


MAXIMUM RATINGS 


Rating 
Input-Output Voltage Differential 


Symbo! Value Unit 


V4- aa 
Ts Limited 
-55 to +150 
-25 to +150 
Oto +125 


-65 to +150 °c 


Power Dissipation 


Operating Junction Temperature Range LM150 
LM250 


LM350 


Storage Temperature Range 


Soldering Lead Temperature (10 seconds) 


ELECTRICAL CHARACTERISTICS (Unless otherwise specified, V|-Vo = 5.0 V; IL = 1.5 A; TJ = Tlow to Thigh: Pmax 
(see Note 1].) 


Line Regulation (Note 2) Redline uN 
Ta = 25°C, 3.0 V < Vi-Vo < 35 V 


Load Regulation (Note 2) Regjoad 
Ta = 25°C, 10mA <i, <3.0A 
Vo <5.0V mv 
Vo 2 5.0V % Vo 


Thermal Regulation, Pulse = 20 ms, Regtherm % Vo/w 
Ta = 25°C 


Adjustment Pin Current | lagi | — | 60 | | — | 50 | 100 | uA | 
Adjustment Pin Current Change Aladj pA 
3.0V < Vi-Vo < 35V 
10 MA < IL <= 3.0 A, Pp <= Pmax 
Reference Voltage (Note 3) Vref 
3.0V <V\|-Vo <35V 
10 mA < IL < 3.0 A, Pp = Pmax 
Line Regulation (Note 2) | 1 | Reatine | Beak 
3.0V <Vi-Vo <= 35V 


Load Regulation (Note 2) Pa ae 
MA <IL <30A 
Vo <5.0V 50 
Vo = 5.0V 1 a % a 


Temperature Stability (Tigw < Ty = Thigh) | 3 | Ts | % | % Vo | 


Minimum Load Current to 3 ae mA 
Maintain Regulation (V|-VQ = 35 V) 


Maximum Output Current 
Vi-Vo <= 10 V, Pp <= Pmax 
Vi-Vo = 30 V, Pp < Pmax Ta = 25°C 


RMS Noise, % of Vo % VO 
Ta = 25°C, 10 Hz <= f < 10 kHz 


Ripple Rejection, Vo = 10 V, f = 120 Hz 
(Note 4) 
Without Cagj 65 65 
Caqj = 10 uF 80 ra 


Long-Term Stability, Ty = Thigh (Note 5) %/1.0 k 
Ta = 25°C for Endpoint Measurements Hrs. 


Thermal Resistance Junction to Case °C/W 
Peak (Note 6) K Package 
T Package 
Average (Note 7) K Package 
T Package 

NOTES: 

(1) Tlow = —55°C for LM150 Thigh = + 150°C for LM150 (5) Since Long-Term Stability cannot be measured on each device be- 
— 25°C for LM250 = + 150°C for LM250 fore shipment, this specification is an engineering estimate of av- 
o°C for LM350 = + 125°C for LM350 erage Stability from lot to lot. 

Pmax = 30 W for K suffix (6) Thermal Resistance evaluated measuring the hottest temperature 
Pmax = 25 W for T suffix on the die using an infrared scanner. This method of evaluation 
(2) Load and line regulation are specified at constant junction temper- yields very accurate thermal resistance values which are conser- 
ature. Changes in Vo due to heating effects must be taken into vative when compared to other measurement techniques. 
account separately. Pulse testing with low duty cycle is used. (7) The average die temperature is used to derive the value of thermal 
(3) Selected devices with tightened tolerance reference voltage available. resistance junction to case (average). 
(4) Caqj, when used, is connected between the adjustment pin and 


ground. 
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SCHEMATIC DIAGRAM 


FIGURE 1 — LINE REGULATION AND Alggj/LINE TEST CIRCUIT 


Vor-V. 
Line Regulation (%/V) = lakes 21 x 100 
VOL 


VOH 
Vout VOL 
© 


*Pulse Testing Required: 
1% Duty Cycle 
is suggested. 
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FIGURE 2 — LOAD REGULATION AND Alaqj/LOAD TEST CIRCUIT 


Vo (min. Load) — VO (max. Load) ne 
VO (min. Load) 


VO (min. Load) 
Load Regulation (mV) = Vo (min. Load) ~ YO (max. Load) VOlnias bead 


Load Regulation (% Vo) = 00 


RL 


(max. Load) 
Rt i} 


(min. Load) 


*Pulse Testing Required: 
1% Duty Cycle is suggested. 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro: 
Pulse Testing Required: Vo = Iset R2 + 1.250 V 
1% Duty Cycle is suggested. Assume IseT = 5.25 mA 


41N4002 
Co 


i+ 
Cadj 775 10 wr 


{ 
t 
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FIGURE 6 — CURRENT LIMIT 


FIGURE 5 — LOAD REGULATION 


(%) SNVHD FDVLIOA LNdine ‘CAV 


oP] 


V, — Vg, INPUT - OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8 — DROPOUT VOLTAGE 


FIGURE 7 — ADJUSTMENT PIN CURRENT 


(v") IN3HYND Nid INSWLSNY | 


Ty, JUNCTION TEMPERATURE (°C) 


T,, JUNCTION TEMPERATURE (°C) 


FIGURE 10 — MINIMUM OPERATING CURRENT 


FIGURE 9 — TEMPERATURE STABILITY 


TO 
CORR 


Ty= 25 


ocmUh Ee OoOlUlUwUCUCD 


won fo Ff Oo 
tT FH MN N MK 


(A) SNWLTOA 3ONZHTIIE PHA 


V, — Vg. INPUT — OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


Ty, JUNCTION TEMPERATURE (°C) 
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FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE 


RR, RIPPLE REJECTION (dB) 


0 5 0 86150 OHS 
Vg, OUTPUT VOLTAGE (V) 


FIGURE 13 — RIPPLE REJECTION versus FREQUENCY 


RR, RIPPLE REJECTION (d8) 


WITHOUT Capy 


10 100 1K 10K 100K 1M 10M 
f, FREQUENCY (Hz) 


FIGURE 15 — LINE TRANSIENT RESPONSE 


AVg, OUTPUT VOLTAGE 
DEVIATION (V) 


“15 C, = 0; WITHOUT Cany 


CHANGE (V) 


0 10 20 30 40 
t, TIME (us) 


AV, INPUT VOLTAGE 


a 


RR, RIPPLE REJECTION (dB) 


AVg, OUTPUT VOLTAGE 
DEVIATION (V) 


, LOAD 
RENT (A) 


kh 


cu 


Zq, OUTPUT IMPEDANCE (22) 


FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURREN] 


\p, QUTPUT CURRENT (A) 


FIGURE 14 — OUTPUT IMPEDANCE 


10° 


10°! 


= 
be 
DS) 


f, FREQUENCY (Hz) 


FIGURE 16 — LOAD TRANSIENT RESPONSE 


Cy = VF; Capy = 10 uF 


t, TIME (us) 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM150 is a 3-terminal floating regulator. In opera- 
tion, the LM150 develops and maintains a nominal 1.25 
volt reference (Vref) between its output and adjustment 
terminals. This reference voltage is converted to a pro- 
gramming current (IPRQG) by R1 (see Figure 17), and 
this constant current flows through R2 to ground. The 
regulated output voltage is given by: 


R2 
Vout = Vref (1 + Ra + IAdj R2 


Since the current from the adjustment terminal (!Aqj) 
represents an error term in the equation, the LM150 was 
designed to control |Aqj to less than 100 yA and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require- 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM150 is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 ~ BASIC CIRCUIT CONFIGURATION 


adj 


Veet = 1.25 V TYPICAL 


LOAD REGULATION 

The LM150 is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
Programming resistor (R1) should be connected as close 
to the regulator as possible to minimize fine drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 uF disc or 1 uF tantatum input bypass capacitor 
(Cin) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to.ground to 
improve ripple rejection. This capacitor (CApy) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 wF capacitor should improve ripple 
rejection about 15;dB at 120 Hz in a 10 volt application. 

Although the (M150 is stable with no output capaci- 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci- 
tance (Co) in the form of a 1 uF tantalum or 25 uF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 


PROTECTION DIODES 

When external capacitors are used with any |.C. regu- 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
Current points into the regulator. 

Figure 18 shows the LM150 with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Cg > 25 uF, Capy > 10 uF). 
Diode Dy prevents Cg from discharging thru the I.C. 
during an input short circuit. Diode D2 protects against 
capacitor Capy discharging through the 1.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents CapJ from discharging through the 1.C. 
during an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


Adjust 
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FIGURE 19 — “LABORATORY” POWER SUPPLY WITH ADJUSTABLE 
CURRENT LIMIT AND OUTPUT VOLTAGE 


1N4002 


Vout? Asc 


1 BF 


+ 
Os . 
| 1N4001 Tantalum 
© Adjust 1 


Adjust 2 


+ 
Current _ Voltage 10 BF 
Limit Adjust 


Adjust 
Vref oes 


'Omax + !pss Q4 
2N3822 


Rsc = 


fe 1.25 V 
lomax + Ipss 


OUTPUT RANGE: 
O< Vo <25V 
-10V O<Ig< 3A 
Diodes D4 and D2 and transistor Qo are added to allow adjustment 
of output voltage to 0 voits. 


Dg Protects both LM150s during an input short circuit. 


FIGURE 20 — ADJUSTABLE CURRENT LIMITER FIGURE 21 — § V ELECTRONIC SHUT DOWN REGULATOR 


Adjust O 


** To provide current limiting of ig 100 
to the system ground, the source of 
the FET must be tied to a negative 
voltage below — 1.25 V. 


Ro = ret 
'Dss 
Ry = Vret 
lomax + !pss 
Vo < VipR)Dss + 1.25 V + Vgs 


ILmin - 'pss <'!o < 3A 
As shown 0 << 19 <2A 


Minimum Voutz = 1.25 V 


D4 protects the device during an input short circuit. 


FIGURE 22 — SLOW TURN-ON REGULATOR FIGURE 23 — CURRENT REGULATOR 


Vout Py 


10 MA < Igup < 3A 
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=s SEMICONDUCTOR oxox 
TECHNICAL DATA 


THREE-TERMINAL ADJUSTABLE MEDIUM-CURRENT 
OUTPUT POSITIVE VOLTAGE REGULATOR THREE-TERMINAL 
ADJUSTABLE POSITIVE 
The LM317M is an adjustable 3-terminal positive voltage reg- VOLTAGE REGULATOR 
ulator capable of supplying in excess of 500 mA over an output 
voltage range of 1.2 V to 37 V. This voltage regulator is excep- SILICON MONOLITHIC 
tionally easy to use and requires only two external resistors to INTEGRATED CIRCUIT 


set the output voltage. Further, it employs internal current limit- 
ing, thermal shutdown and safe area compensation, making it 
essentially blow-out proof. 

The LM317M serves a wide variety of applications including (Heatsink surface 
local, on-card regulation. This device also makes an especially connected to Pin 2) 
simple adjustable switching regulator, a programmable output 
regulator, or by connecting a fixed resistor between the adjust- 
ment and output, the LM317M can be used as a precision current 
regulator. 

{All 3 Packages) 


Standard 3-Lead Transistor Packages CASE 221A 
Eliminates Stocking Many Fixed Voltages 


e@ Output Current in Excess of 500 mA aN UABOUET 
@ Output Adjustable Between 1.2 V and 37 V Y4 2. Veut 

@ internal Thermal Overload Protection 3. Vin 

@ Internal Short-Circuit-Current Limiting 

@ Output Transistor Safe-Area Compensation T SUFFIX 

@ Floating Operation for High Voltage Applications PLASTIC PACKAGE 

® 

e 


DT-1 SUFFIX 
PLASTIC PACKAGE 
CASE 369 
DPAK 
STANDARD APPLICATION 


DT SUFFIX 
PLASTIC PACKAGE 
CASE 369A 
DPAK 


ORDERING INFORMATION 
Tested Operating 
Temperature Range Package 
LM317MT O°C to + 125°C Plastic Power 


LM317MBT# —40°C to + 125°C 


LM317MDT 
LM317MDT-1 


*Cin is required if regulator is located in appreciable distance from power supply 
filter. 
**Co is not needed for stability, however it does improve transient response. 
Vo = 1.26V(1 + 72, + lagj R2 
1 


Plastic Power 


0 to 125°C 


#Automotive temperature range selections are 
Since |aqj is controlied to less than 100 A, the error associated with this term is available with special test conditions and additional tests. 
negligible in most applications. 


Contact your local Motorola sales office for information. 
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MAXIMUM RATINGS 


Operating Junction Temperature Range 


ELECTRICAL CHARACTERISTICS 
(Vi-Vo = 5.0 V, Io = 0.1A, TJ = Tow to Thig 


pd Aliases (Note 3) 
= 26°C, 3.0V < Vi-Vg < 40 V 


al Regulation (Note 3) 
Ta = 25°C, 10 MA <19 <0.5A 
ve = 5.0V 
25.0V 


| Symbol _| |_Unit | 
[Input-Output Voltage Differential | WVo | 40 Vo 
o> aren Bee a 
a Pe] 

xe] 


Storage Temperature Range -65 to + 150 


Oto +125 


Regioad 
% NG 


Rajustent Pin Gaon [| 3 | tag | — {| 50 | 100 | A | 


Adjustment Pin Current Change 
2.5 V < ViI-Vo < 40 V, 10 mA < 


Reference Voltage (Note 4) 
3.0 V < Vi-Vo = 40 V, 10 mA = 


Line Regulation (Note 3) 
3.0V <V\-Vo <= 40V 


Load Regulation (Note 3) 
10mA < Ig <= 0.5A 
Yo <5.0V 
Vo = 5.0V 


IL < 0.5 A, Pp < Pmax 


lo < 0.5 A, Pp < Pmax 


Temperature Stability (Tiow <= Ty = Thigh | 3 | Ts | 


Minimum Load Current to ae Sane 
(VI-Vo = 40 V) 


Maximum Output Current 

Vi-Vo <= 18 V, Pp <= Pmax 

Vi-Vo = 40 V, Pp <= Pmax: Ta = 25°C 
RMS Noise, % of Vo 

Ta = 28°C, 10 Hz = f < 10 kHz 


Ripple Rejection, VQ = 10 V, f = 120 Hz (Note 5) 
Without Caqj 


Cadj = 10 pF 


Long Term Stability, Ty = Thigh (Note 6) 
Ta = 25°C for Endpoint Meseureniente 


Thermal Resistance Junction to Case, T Suffix Package 


NOTES: 

(1) Tlow to Thigh = 0°C to + 125°C 

(2) Pmax = 7.5 W 

(3) Load and line regulation are specified at constant junction temper- 


ature. Changes in Vo due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used. 


hd tek 

Gil Wi Bod Sad all al 

HF cal el aad hed Ba 
mV 


Regioad 
70 
15 % VO 


ea Da 


(4) Selected devices with tightened tolerance reference voltage 
available. 


(5) Cagj, when used, is connected between the adjustment pin and 
ground. 


(6) Since Long Term Stability cannot be measured on each device before 
shipment, this specification is an engineering estimate of average 
stability from lot to lot. 
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SCHEMATIC DIAGRAM 


FIGURE 1 — LINE REGULATION AND Alagj/LINE TEST CIRCUIT 


Vou-VYo 
Line Regulation (% ‘Vi Ono! x 100 


Vou 


LM317M 


* Pulse Testing Required: 
1% Duty Cycle 
is suggested. 
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FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT 


Load Regulation (mV) = Vo (min. Load) — YO (max. Load) 


Vv i — Vo imax. Load) 
Load Regulation (%VoO) <n Sve ea 100 Vo (min. Load) 
min, Loa Vv 


O (max. Load) 
LM317M —o——® 


Re 


(max. Load) 
* RL 
odie: (min. Load) 


Cin SR 0.1 MF 


= 
* Pulse Testing Required: 
1% Duty Cycle is suggested. 


FIGURE 3 — STANDARD TEST CIRCUIT 


To Calculate Ro 
Pulse Testing Required: Vo = Iset R2+ 1.250 Vv 
1% Duty Cycle Is suggested. Assume Iget = 5.25MA 


1N4002 2 Re 
+ 


Co DR 1 MF 


* Dy Discharges Cagj if Output is Shorted to Ground. 
**C3qj Provides an AC Ground to the Adjust Pin. 
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SVg, OUTPUT VOLTAGE CHANGE (%) 


Jg, OUTPUT CURRENT (AMPS) 


QUIESCENT CURRENT (mA) 


md 
= 


S 
cS 


o 


LM317M 


FIGURE 5 ~ LOAD REGULATION 


Vv) =45V 
Vo=5V 
I, = 5to40mA 


-§0 ~-25 


’ 


0 25 50 75 100 
Ty, JUNCTION TEMPERATURE (°C) 


126 150 


FIGURE 7 ~ CURRENT LIMIT 


V, — Vo, INPUT —- OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 9 — MINIMUM OPERATING CURRENT 


- 


25°C ——_—— 
126°C - — — 


30 40 


20 
V1 — Vo, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


RR, RIPPLE REJCTION (dB) 


V, — Vg, INPUT — OUTPUT VOLTAGE 
DIFFERENTIAL (VOLTS) 


Without Caqj 
}— 
4, = 100 mA 
f= 120 Hz 
Vg =10V 
V, = 14 to 24V f 
-50 ~25 0 25 50 7§ 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 8 — DROPOUT VOLTAGE 
2.5 T | ] T y “T 
+ + on + — 
IL = 500 mA | 
2.0 r ae 4 
15 | = 
1.0 
0.5 
~50 -25 0 25 50 75 100 125 180 


R.R. RIPPLE REJECTION (dB) 


FIGURE 6 — RIPPLE REJECTION 


ae ie 
4 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 10 — RIPPLE REJECTION versus FREQUENCY 
100 


Im 


100 K 
f, FREQUENCY (Hz) 


100 10K 
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FIGURE 11 — TEMPERATURE STABILITY FIGURE 12 — ADJUSTMENT PIN CURRENT 
1.260 


1.250 


1.240 


1.230 


Vref, REFERENCE VOLTAGE (V) 


Iqdj ADJUSTMENT PIN CURRENT (4A) 


1.220 
-50 -25 0 25 «#50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 13 — LINE REGULATION FIGURE 14 — OUTPUT NOISE 
tr | 
= 04 Vj) = 4.25 to 41.25 V +—-—+ 
br Bandwidth 100 Hz 
ao 
2 0.2 a 
3 a 
w +«iO w 
g 2 
% -0.2 5 
Oo Q 
> > 
5 -0.4 a 
aa Oo 
B -06 Si 
2 
4 -08 
-1.0 
-50 -25 6 2 SO 75 100 125 1680 -50 -25 a 26 0«=6 60S 75)—Ss'100s«125—Ss«*150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE 
[| ea 
wes + +44 4 0.3 ee 
a4 < 
SS 10 ae 4 BS 02 
Oo = lu 
ZS 05 2S 01 
Dr ee 
2 = ez g 
5 > >> 
e8 °o8 
o o -0.1 
a a 
<a -0.2 
rr) €-03 
< os 
a3 = 5 100 
re Se 
—— =e 50 
az a 
z=x 0 0 
=o 0 10 20 30 40 0 10 20 30 40 
z 1, TIME {us} t, TIME (us) 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM317M is a 3-terminal floating regulator. In op- 
eration, the LM317M develops and maintains a nominal 
1.25 volt reference (Vref) between its output and ad- 
justment terminals. This reference voltage is converted 
to a programming current (Iprog) by R1 (see Figure 17), 
and this constant current flows through R2 to ground. 
The regulated output voltage is given by: 


R2 
Vo = Vref (1 + Ri) + lagjR2 


Since the current from the adjustment terminal (laqj) 
represents an error term in the equation, the LM317M 
was designed to control laqj to less than 100 nA and 
keep it constant. To do this, all quiescent operating cur- 
rent is returned to the output terminal. This imposes 
the requirement for a minimum load current. If the load 
current is less than this minimum, the output voltage 
will rise. 

Since the LM317M is a floating regulator, it is only 
the voltage differential across the circuit that is impor- 
tant to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17 — BASIC CIRCUIT CONFIGURATION 


ladj 


Vref = — 1.25 V Typical 


LOAD REGULATION 

The LM317M is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, 
the programming resistor (R1) should be connected as 
close to the regulator as possible to minimize line drops 
which effectively appear in series with the reference, 
thereby degrading regulation. The ground end of R2 can 
be returned near the load ground to provide remote 
ground sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A0.1 uF disc or 1 uF tantalum input bypass capacitor 
(Cin) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground 
to improve ripple rejection. This capacitor (Caqj) pre- 
vents ripple from being amplified as the output voltage 
is increased. A 10 uF capacitor should improve ripple 
rejection about 15 dB at 120 Hz in a 10 volt application. 

Although the LM317M is stable with no output ca- 
pacitance, like any feedback circuit, certain values of 
external capacitance can cause excessive ringing. An 
output capacitance (C,) in the form of a 1 uF tantalum 
or 25 uF aluminum electrolytic capacitor on the output 
swamps this effect and insures stability. 


PROTECTION DIODES 

When external capacitors are used with any I.C. reg- 
ulator it is sometimes necessary to add protection 
diodes to prevent the capcitors from discharging 
through low current points into the regulator. 

Figure 18 shows the LM317M with the recommended 
protection diodes for output voltages in excess of 25 V 
or high capacitance values (Cy > 25 uF, Caqj > 5.0 pF). 
Diode D1 prevents Cy from discharging thru the I.C. 
during an input short circuit. Diode D2 protects against 
capacitor Caqj discharging through the I.C. during an 
output short circuit. The combination of diodes D1 and 
D2 prevents Caqj from discharging through the I.C. dur- 
ing an input short circuit. 


FIGURE 18 — VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


D4 
1N4002 


LM317M 
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FIGURE 19 — ADJUSTABLE CURRENT LIMITER FIGURE 20 — 5 V ELECTRONIC SHUTDOWN REGULATOR 


LM317M 


LM317M 


*To provide current limiting of lo to 
the system ground, the source of the 
current limiting diode must be tied 
to a negative voltage below -7.25 Vv. 


PY Igeqae © hpee Minimum Vo = 1.25 V 
Vo < Pov + 1.25V + Vgs 

lLemin - tp < 'og < 500 mA — lp Dy protects the device during an input short circuit. 
As shown O < ig < 495 mA 


LM317M @—@Vo 


A 1N4001 


Adjust 


R2 


5 MA < lout < 500 mA 
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m= SEMICONDUCTOR xy LM337M 
TECHNICAL DATA 


MEDIUM-CURRENT 
THREE-TERMINAL 
ADJUSTABLE NEGATIVE 


The LM337M is an adjustable 3-terminal negative voltage reg- VOLTAGE REGULATOR 
ulator capable of supplying in excess of 500 mA over an output 
voltage range of — 1.2 V to — 37 V. This voltage regulator is excep- 
tionally easy to use and requires only two external resistors to 
set the output voltage. Further, it employs internal current limit- 
ing, thermal shutdown and safe area compensation, making it 
essentially blow-out proof. 

The LM337M serves a wide variety of applications including 
local, on-card regulation. This device can also be used to make a 
programmable output regulator; or, by connecting a fixed resistor 
between the adjustment and output, the LM337M can be used as 
a precision current regulator. 


THREE-TERMINAL ADJUSTABLE 
OUTPUT NEGATIVE VOLTAGE REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ Output Current in Excess of 500 mA 


® Output Adjustable Between — 1.2 V and -37 V 

® Internal Thermal Overload Protection PIN oe 
@ Internal Short-Circuit-Current Limiting 3. Veuii 

@ Output Transistor Safe-Area Compensation 

@ Floating Operation for High Voltage Applications T SUFFIX 

@ Standard 3-Lead Transistor Packages eee at 

@ Eliminates Stocking Many Fixed Voltages 


ORDERING INFORMATION 


Tested Operating 
Device Temperature Range Package 
LM337MT | Ty = 0°C to +125°C Plastic Power 
LM337MBT | Ty = —40°C to + 125°C Plastic Power 


STANDARD APPLICATION 


LM337M 


*Cin is required if regulator is located more than 4 inches from power supply 
filter. A 1.0 uF solid tantalum or 10 uF aluminum electrolytic is recommended. 
**Co is necessary for stability. A 1.0 uF solid tantalum or 10 uF aluminum 
electrolytic is recommended. 


R2 
= -1.25V(1+— 
Vout 25 V4 Ri 


#Automotive temperature range selections are available with special test conditions and 
additional tests. Contact your local Motorola sales office for information. 
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MAXIMUM RATINGS 


[Rating Sid 


Operating Junction Temperature Range 
Storage Temperature Range 


ase ee 
nau Ouiput Vonage Difereniat ——~—S*d |e 
[Power Dissipation Sid tmaly mite |_| 


ELECTRICAL CHARACTERISTICS (|V|-Vo| = 5.0 V, Io = 0.1; Ty = Tlow to Thigh [see Note 1], Pmax per Note 2, 


unless otherwise specified.) 


Line Regulation (Note 3) 
Ta = 25°C, 3.0 V < |V|-Vo| < 40 V 


Load Regulatibn (Note 3) 
Ta = 25°C, 10 mA <I9 <0.5A 
\Vol < 5.0 V 
\Vo| = 5.0 V 


Thermal Regulation 
10 ms Pulse, Ta = 25°C 


Adjustment Pin Current 


Adjustment Pin Current Change 
2.5 V <|Vi-Vol < 40 V, 10mA< IL <0.5A, 
Pp < Pmax: TA = 25°C 
Reference Voltage (Note 4) 
3.0 V < |V|-Vo| = 40 V, 10 MA < 1p < 0.5A, 
Pp = Pmax: TA = 25°C 
Tow to Thigh 
Line Regulation (Note 3) 
3.0 V <|Vi-Vol < 40 V 


Load Regulation (Note 3) 
10mMA < 19 <= 0.5A 
\Vo| = 5.0 V 
\Vo| 2 5.0 V 


< 
z= 


Temperature Stability (Tiow < Ty 


Minimum Load Current to 
Maintain Regulation (|V|-Vo| < 10 V) 
(|\Vi-Vol < 40 V) 


Maximum Output Current 
\Vi-Vol < 15 V, Pp < Pmax 
\Vi-Vol = 40 V, Pp < Pmax. Ta = 25°C 


RMS Noise, % of Vo 
Ta = 25°C, 10 Hz < f < 10 kHz 


Ripple Rejection, Vo = -—10V, f = 120 Hz (Note 5) 
Without Cagj 
Cadj = 10 uF 


Long Term Stability, Ty = Thigh (Note 6) 
Ta = 25°C for Endpoint Measurements 


Thermal Resistance Junction to Case 


NOTES: 

(1) Tlow to Thigh = 0°C to + 125°C 

(2) Pmax =75W 

(3) Load and line regulation are specified at constant junction temper- 
ature. Changes in Vo due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used. 


(4) Selected devices with tightened tolerance reference voltage 
available. 


(5) Cagj, when used, is connected between the adjustment pin and 
ground. 


(6) Since Long Term Stability cannot be measured on each device before 


shipment, this specification is an engineering estimate of average 
stability from ‘ot to lot. 
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SCHEMATIC DIAGRAM 


Wit 


* Pulse Testing Required: 
1% Duty Cycle 
is suggested. 


| | = Vor Yo 
Line Regulation (%Vg) = ee ers 100 


NVoHl 
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LM337M 


FIGURE 2 — LOAD REGULATION AND 4 lagj/LOAD TEST CIRCUIT 


* Pulse Testing required: 
1% Duty Cycle is suggested. 


‘ | —VO (min. Load) 

LM337M Vo (max. Load) 

Vo (min. Load) — Vo (max. Load) 
Vo (min. Load) 


Load Regulation (MV) = Vo (min. Load) — YO (max. Load) Load Regulation (%VQ) = 


FIGURE 3 — STANDARD TEST CIRCUIT 


Adjust 


LM337M 


This assumes ladj Pulse Testing Required: 
is negligible. 1% Duty Cycle is suggested. 


To Calculate R2: 


FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT 


1N4002 


Vo =-1.25V 


* D1 Discharges Cyqj if Output is shorted to Ground. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-85 


LM337M 


FIGURE 6 — CURRENT LIMIT 


FIGURE 5 — LOAD REGULATION 


o 8° Ss o - - 
7 T 7 Hi 


(%) ANNWHD 39VLIOA 1Ngino ‘Cav 


V; - Vg, INPUT ~ OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


Ty, JUNCTION TEMPERATURE (°C) 


DROPOUT VOLTAGE 


FIGURE 8 — 


ADJUSTMENT PIN CURRENT 


FIGURE 7 — 


Seeee 
RaSSEe 
ee esis 

Fi 


Coo 


Nl 


(v7) IN3JHHA9 Nid LNaWLSNroy 1PM) 


100 


Ty, JUNCTION TEMPERATURE (°C) 


w 
NS 


Ty, JUNCTION TEMPERATURE (°C) 


MINIMUM OPERATING CURRENT 


FIGURE 10 


TEMPERATURE STABILITY 


FIGURE 9 


124 


A 


V,) — Vg. INPUT - OUTPUT VOLTAGE DIFFERENTIAL (Vdc) 


Ty, JUNCTION TEMPERATURE (°C) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-86 


LM337M 


FIGURE 11 — RIPPLE REJECTION versus OUTPUT VOLTAGE FIGURE 12 — RIPPLE REJECTION versus OUTPUT CURRENT 


RR, RIPPLE REJECTION (dB) 


RR, RIPPLE REJECTION (dB) 


Vg, OUTPUT VOLTAGE 
DEVIATION (V) 


AV,, INPUT VOLTAGE 


CRANGE {V) 


Beet Caqj = 10 uF 


[wiht Cosi [UT TT 
Rail 


ii 


RR, RIPPLE REJECTION (dB) 


+. 


0 
0.01 0.1 1 10 
Vg. OUTPUT VOLTAGE (Vv) |g, OUTPUT CURRENT (A) 


FIGURE 13 — RIPPLE REJECTION versus FREQUENCY FIGURE 14 — OUTPUT IMPEDANCE 


See! «Ee See WE: AS eS epee | 

el EE ES ES _, CE ENED) GP | 
EE oes ee eee SE kd et ee DS Se! 
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Zp, OUTPUT IMPEDANCE (82) 


f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE 
3 06 
i 
xs iL Len aa ee as 
oz ” : 
aa) \ Without Cagj = — 
Ll 0.2 
>< 
fag 2 4g | he Ve 
30a 
Sf -02 
a) 
-0.4 
-0.6 

=< a 

- 

2 -05 
on 
<= -10 
wa OO 
21S 

t, TIME (us) t, TIME (us) 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM337M is a 3-terminal floating regulator. In op- 
eration, the LM337M develops and maintains a nominal 
— 1.25 volt reference (V;ef) between its output and ad- 
justment terminals. This reference voltage is converted 
to a programming current (IPROG) by R1 (see Figure 
17), and this constant current flows through R2 from 
ground. The regulated output voltage is given by: 


R2 


Since the current into the adjustment terminal (laqj) 
represents an error term in the equation, the LM337M 
was designed to control laqj to less than 100 “A and 
keep it constant. To do this, all quiescent operating cur- 
rent is returned to the output terminal. This imposes 
the requirement for a minimum load current. If the load 
current is less than this minimum, the output voltage 
will increase. 

Since the LM337M is a floating regulator, it is only 
the voltage differential across the circuit that is impor- 
tant to performance, and operation at high voltages with 
respect to ground is possible. 


FIGURE 17— BASIC CIRCUIT CONFIGURATION 


LM337M 


Vref = -1.25 V Typically 


Vout 


LOAD REGULATION 

The LM337M is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, 
the programming resistor (R1) should be connected as 
close to the regulator as possible to minimize line drops 
which effectively appear in series with the reference, 
thereby degrading regulation. The ground end of R2 can 


be returned near the load ground to provide remote 
ground sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 1.0 uF tantalum input bypass capacitor (Cjp) is rec- 
ommended to reduce the sensitivity to input line 
impedance. 

The adjustment terminal may be bypassed to ground 
to improve ripple rejection. This capacitor (Caqj) pre- 
vents ripple from being amplified as the output voltage 
is increased. A 10 pF capacitor should improve ripple 
rejection about 15 dB at 120 Hz in a 10 volt application. 

An output capacitor (Co) in the form of a 1.0 uF tan- 
talum or 10 uF aluminum electrolytic capacitor is re- 
quired for stability. 


PROTECTION DIODES 

When external capacitors are used with any I.C. reg- 
ulator it is sometimes necessary to add proteciion 
diodes to prevent the capacitors from discharging 
through low current points into the regulator. 

Figure 18 shows the LM337M with the recommended 
protection diodes for output voltages in excess of ~25 
V or high capacitance values (Co > 25 uF, Cagj > 10 
uF). Diode Dy prevents Cg from discharging thru the 
1.C. during an input short circuit. Diode D2 protects 
against capacitor Caqj discharging through the I.C. dur- 
ing an output short circuit. The combination of diodes 
D1 and D2 prevents Caqj from discharging through the 
1.C. during an input short circuit. 


FIGURE 18— VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


1N4002 
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TECHNICAL DATA 


LM2931 


Series 


Input o- 


Output o- Inhibit 


Adjust 


LOW DROPOUT VOLTAGE REGULATORS 


The LM2931 series consists of positive fixed and adjustable out- 
put voltage regulators that are specifically designed to maintain 
proper regulation with an extremely low input-to-output voltage 
differential. These devices are capable of supplying output cur- 
rents in excess of 100 mA and feature a low bias current of 0.4 
mA at 10 mA output. 

Designed primarily to survive in the harsh automotive environ- 
ment, these devices will protect all external load circuitry from 
input fault conditions caused by reverse battery connection, two 
battery jump starts, and excessive line transients during load 
dump. This series also includes internal current limiting, thermal 
shutdown, and additionally, is able to withstand temporary power- 
up with mirror-image insertion. 

Due to the low dropout voltage and bias current specifications, 
the LM2931 series is ideally suited for battery powered industrial 
and consumer equipment where an extension of useful battery 
life is desirable. The ‘C’ suffix adjustable output regulators feature 
an output inhibit pin which is extremely useful in microprocessor- 
based systems. 


@ Input-to-Output Voltage Differential of Less Than 0.6 V at 
100 mA 

Output Current in Excess of 100 mA 

Low Bias Current 

60 V Load Dump Protection 

—50 V Reverse Transient Protection 

Internal Current Limiting with Thermal Shutdown 
Temporary Mirror-image Protection 


Ideally Suited for Battery Powered Equipment 


INTERNAL SCHEMATIC 


Output 


30 k 


* 


92.8 k 


* 


LOW DROPOUT 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


Z SUFFIX Pin 1. Output 
PLASTIC PACKAGE 2. Ground 
CASE 29 3. Input 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 
(Heatsink surface 
connected to Pin 2) 


Pin 1. Input 
2. Ground 
3. Output 


(Top View) 


ADJUSTABLE 
Output 
Inhibit D SUFFIX 
PLASTIC PACKAGE 

CASE 751 


f Output (SOP-8) 


(Top View) 


ADJUSTABLE 


Pin 1. Adjust 
T SUFFIX 2. Output Inhibit 
PLASTIC PACKAGE 3. Ground 
CASE 314D 4. Input 
(Heatsink surface 5. Output 
connected to Pin 3) 


Ground o 


*Deleted on Adjustable Regulators 
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MAXIMUM RATINGS 


Transient Reverse Polarity Input Voltage 
1.0% Duty Cycle, r < 100 rns 


Power Dissipation 
Case 29 (TO-92) 
TA = 25°C 
Thermal Resistance Junction to Ambient 
Thermal Resistance Junction to Case 


Case 751 (SOP-8) 
Ta = 25°C 

Thermal Resistance Junction to Ambient 
Thermal Resistance Junction to Case 


Case 221A and 314D (TO-220 Type) 
Ta = 25°C 

Thermal Resistance Junction to Ambient 
Thermal Resistance Junction to Case 


Tested Operating Junction Temperature Range 


Storage Temperature Range 


Vpk 
Internally Limited Watts 
178 °C/W 
83 °C/W 
Internally Limited Watts 
180 °C/W 
45 °C/W 
Internally Limited Watts 
65 °C/W 
5.0 °C/W 
—40 to a °C ~ 
~65 to +150 °C | 


ELECTRICAL CHARACTERISTICS (Vj, 


Note 1, uniess otherwise noted. 


14V,lo = 10 mA, Co = 


100 uF, Co(esR) = 0.32, Ty = 25°C, 
) 


LM2931A-5.0 LM2931-5.0 
Characteristic Symbol Min Typ Max Min Typ Max Unit 
FIXED OUTPUT 
Output Voltage Vv 
Vin = 14V,lQ = 10 mA, Ty = 25°C 5.0 5.25 
Vin = 6.0 V to 26 V, [9 < 100 mA, Ty = -40 to 125°C _~ 5.50 
Line Regulation mV 
Vin = 9.0V to 16V _ 2.0 10 
Vin = 6.0 V to 26V — 4.0 30 
Load Regulation (Iq = 5.0 mA to 100 mA) Reload eae 14 50 — 14 50 mV 
Output Impedance Zo _ 200 [nt _ 200 _— mQ 
lo = 10 mA, Alo = 1.0 mA, f = 100 Hz to 10 kHz _| sf 
Bias Current IB a mA 
Vin = 14V, lg = 100 mA, Ty = 25°C — 5.8 30 = 5.8 30 
Vin = Sone 26 V,!1o = 10 mA, Ty = —40 to 125°C — | 04 | 1.0 5 0.4 | 1.0 
Output Noise Voltage (f = 10 Hz to 100 kHz) Vn | eas 700 — — 700 — | pVrms 
Long-Term Stability S _ + 20 _ =| 20 ie mvV/ 
kHR 
Ripple Rejection (f = 120 Hz) RR 60 90 (aoe 60 | 90 a — dB | 
Dropout Voltage Vin-Vo ~T Vv 
lo = 10 mA a 0.015 0.2 _ 0.015 0.2 
Io = 100 mA _— |_ 0.16 0.6 _ 0.16 0.6 
Over-Voltage Shutdown Threshold Vth(OV) 26 | 29.5 T 40 26 29.5 40 ie 
Output Voltage with Reverse Polarity Input (Vi, = — 15 V) -Vo —03 | 0 a _ -0.3 0 _ v_| 
NOTES: 


1) Low duty cycle pulse techniques are used during test to maintain junction 


temperature as close to ambient as possible. 


2) The reference voltage on the adjustable device is measured from the output to the adjust pin across R41. 
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ELECTRICAL CHARACTERISTICS (Vj, = 14 V, Vo = 3.0 V, Io = 10 mA, Ry = 27k, Co = 100 uF, Cc(espR) = 0.3 2, 
Ty = 25°C, Note 1, unless otherwise noted.) 


ADJUSTABLE OUTPUT 

Reference Voltage (Note 2, Figure 18) 
lg = 10 mA, Ty = 25°C 

lo = 100 mA, Ty = —40 to 125°C 


Output Voltage Range 


Output Impedance 
Ig = 10 mA, Alo = 1.0 mA, f = 10 Hz to 10 kHz 


Bias Current 
lo = 100 mA 
lo = 10 mA 
Output Inhibited (Vih(ol) = 2.5 V) 


Load Regulation (Ig = 5.0 mA to 100 mA) Regioad i | 03 | 
6 
0 
0 


LM2931C 
Characteristic | Min | Typ 
Vv 


VOrange 3.0 2.7 to 29.5 


0 
4 
.2 


Adjustment Pin Current 


1.5 


poz | — | wv | 


| Output Noise Voltage (f = 10 Hz to 100 kHz) 


[—r40 | — | re | 


Long-Term Stability 


Ripple Rejection (f = 120 Hz) 


Dropout Voltage 
lo = 10 mA 
lo = 100 mA 


Over-Voltage Shutdown Threshold 


Output Voitage with Reverse Polarity Input (Vj,p, = -— 15 V) 


Output Inhibit Threshold Voltages 
Output “On,” Ty = 25°C 


Ty = —40 to 125°C 
Output “OF,” Ty = 25°C 
Ty = —40 to 125°C 


Output Inhibit Threshold Current (Vepion = 2.5 V) 


Vth(OV) 
Vthior) Vv 


30 


thiol) 


NOTES: 


1) Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
2) The reference voltage on the adjustable device is measured from the output to the adjust pin across R1. 


DEFINITIONS 


Dropout Voltage — The input/output voltage differential 
at which the regulator output no longer maintains reg- 
ulation against further reductions in input voltage. Mea- 
sured when the output decreases 100 mV from nominal 
value at 14 V input, dropout voltage is affected by junc- 
tion temperature and load current. 


Line Regulation — The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is 
not significantly affected. 


Load Regulation — The change in output voltage for a 
change in load current at constant chip ternperature. 


Maximum Power Dissipation — The maximum total de- 
vice dissipation for which the regulator will operate 
within specifications. 


Bias Current — That part of the input current that is not 
delivered to the load. 


Output Noise Voltage — The rms ac voltage at the out- 
put, with constant load and no input ripple, measured 
over a specified frequency range. 


Long-Term Stability — Output voltage stability under 
accelerated life test conditions with the maximum rated 
voltage listed in the devices electrical characteristics 
and maximum power dissipation. 
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FIGURE 1 — DROPOUT VOLTAGE versus 
OUTPUT CURRENT 


Vin = 14V 
AVg = 100 mV 


Vin-Vo, DROPOUT VOLTAGE (mV) 


Ig, OUTPUT CURRENT (mA) 


FIGURE 3 — PEAK OUTPUT CURRENT versus 
INPUT VOLTAGE 


Io, OUTPUT CURRENT (mA) 


Dashed lines below Vi, = 5.0V 
are for Adjustable output 
devices only. 


0 5.0 10 15 20 25 30 
Vins INPUT VOLTAGE (V) 


FIGURE 5 — OUTPUT VOLTAGE versus 
INPUT VOLTAGE 


> 
oOo 


Vo, OUTPUT VOLTAGE (V) 
Qo 


-20  —10 0 0 20 30 4 50 © 60 
Vin. INPUT VOLTAGE (V} 


FIGURE 2 — DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 


Vin-Vo, DROPOUT VOLTAGE (mV) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 4 — OUTPUT VOLTAGE versus 
INPUT VOLTAGE 


Vo, OUTPUT VOLTAGE {V) 


0 1.0 2.0 3.0 4.0 5.0 6.0 
Vin: INPUT VOLTAGE (V) 


FIGURE 6 — LOAD DUMP CHARACTERISTICS 


Vin. INPUT VOLTAGE 
(10 VIDV,) 


Vo, OUTPUT VOLTAGE 
(5.0 VDIV.) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-92 


LM2931 Series 


FIGURE 7 — BIAS CURRENT versus INPUT VOLTAGE FIGURE 8 — BIAS CURRENT versus OUTPUT CURRENT 
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Vin, INPUT VOLTAGE (V) Ig, OUTPUT CURRENT (mA) 
FIGURE 9 — BIAS CURRENT versus JUNCTION TEMPERATURE FIGURE 10 — OUTPUT IMPEDANCE versus FREQUENCY 


i; ian 
Vin = 14V 
Vo = 5.0V 
lo = 10mA 
Alg = 1.0 mA 
Co = 100 uF 


Cojesrn) = 0.15 
ColesR) = 032 Tantalum 
Electrolytic 


Ip, BIAS CURRENT (mA) 
19, OUTPUT IMPEDANCE ({2} 


10 100 1.0k 10 k 100 k 1.0M 10M 
Ty, JUNCTION TEMPERATURE (‘C} f, FREQUENCY (Hz) 


ENCY FIGURE 12 — RIPPLE REJECTION versus 
FIGURE 11 — RIPPLE REJECTION versus FREQUENC OUTPUT CURRENT 
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FIGURE 13 — LINE REGULATION 


AVo, OUTPUT VOLTAGE DEVIATION 
(2.0 mV/DIV.) 


_ 185 
= 
3 
5 
Oo 
> 4 
Z 
z 
= 
é 
> t, TIME (10 yzs/DIV.) 
FIGURE 15 — REFERENCE VOLTAGE versus 
OUTPUT VOLTAGE 
1.240 
LM2931C Adjustable 
ig = 100mA 
1.220 Vin = Vo + 1.0V 


Vret. REFERENCE VOLTAGE (V) 
3 


0 3.0 6.0 9.0 12 15 18 
Vo, OUTPUT VOLTAGE (V) 


ReRRE 


FIGURE 14 — LOAD REGULATION 


oma: 


H 


(20 mV/DIV.) 


(mA) 


lout OUTPUT CURRENT AV, OUTPUT VOLTAGE DEVIATION 


t, TIME (10 zs/DIV.) 


FIGURE 16 — OUTPUT INHIBIT-THRESHOLDS 
versus OUTPUT VOLTAGE 
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Vo, OUTPUT VOLTAGE (V) 


TYPICAL APPLICATIONS 


FIGURE 17 — FIXED OUTPUT REGULATOR 


LM2931-5.0 
Fixed 


FIGURE 18 — ADJUSTABLE OUTPUT REGULATOR 


LM2931C 
Adjustable 
Output 


Output 
24 Inhibit 


< 


Switch Position 1 = Output ‘On,’ 2 = Output ‘Off’ 


R2 
= —= lag; R2 
Vo = Vref (1 + 72) + lAdj R 


R1 R2 


22.5k = Ri R2 
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TYPICAL APPLICATIONS (continued) 


FIGURE 19 — 5.0 A LOW DIFFERENTIAL VOLTAGE REGULATOR 


D45VH7 


Output 
5.0Vt@ 5.0A 
O 


+ 
oy 


The LM2931 series can be current boosted with a PNP transistor. The 
D45VH7, on a heatsink, will provide an output current of 5.0 A with an 
input to output voltage differential of approximately 1.0 V. Resistor R in 
conjunction with the Vge of the PNP determines when the pass transistor 
begins conducting. This circuit is not short-circuit proof. 


FIGURE 21 — CONSTANT INTENSITY LAMP FLASHER 


Input o O 


Lwzs3tc 
O 


6.4 to 30 V 


a 6aNE 
: eal eal 


fose = 2.2 Hz 


FIGURE 20 — CURRENT BOOST REGULATOR WITH 
SHORT-CIRCUIT PROJECTION 


inputo 


O{ LM2931-5.0 


+ 
i ; 
ae 


The circuit of Figure 19 can be modified to provide supply protection 
against short circuits by adding the current sense resistor Rgc and an 
additional PNP transistor. The current sensing PNP must be capable of 
handiing the short-circuit current of the LM2931. Safe operating area of 
both transistors must be considered under worst case conditions. 


FIGURE 22 — OUTPUT NOISE VOLTAGE versus 
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Vp, OUTPUT NOISE VOLTAGE (mVrms) 


LIM TT Th 


\Zo|, MAGNITUDE OF CAPACITOR IMPEDANCE (m2) 


APPLICATIONS INFORMATION 


The LM2931 series regulators are designed with many 
protection features making them essentially blow-out 
proof. These features include internal current limiting, 
thermal shutdown, overvoltage and reverse polarity in- 
put protection, and the capability to withstand tempo- 
rary power-up with mirror-irnage insertion. Typical ap- 
plication circuits for the fixed and adjustable output 
device are shown in Figures 17 and 18. 

The input bypass capacitor Cj, is recommended if the 
regulator is located an appreciable distance (= 4”) from 
the supply input filter. This will reduce the circuit’s sen- 
sitivity to the input line impedance at high frequencies. 

This regulator series is not internally compensated 
and thus requires an external output capacitor for sta- 
bility. The capacitance value required is dependent upon 
the load current, output voltage for the adjustable reg- 
ulator, and the type of capacitor selected. The least. 
stable condition is encountered at maximum !oad cur- 
rent and minimum output voltage. Figure 22 shows that 
for operation in the “Stable” region, under the condi- 
tions specified, the magnitude of the output capacitor 
impedance |Zo| must not exceed 0.4 12. This limit must 


be observed over the entire operating temperature 
range of the regulator circuit. 

With economical electrolytic capacitors, cold temper- 
ature operation can pose a serious stability problem. As 
the electrolyte freezes, around — 30°C, the capacitance 
will decrease and the equivalent series resistance ESR 
will increase drastically, causing the circuit to oscillate. 
Quality electrolytic capacitors with extended tempera- 
ture ranges of — 40 to 85°C and -- 55 to 105°C are readily 
available. Solid tantalum capacitors may be a better 
choice if small size is a requirement, however, the max- 
imum |Zo| limit over temperature must be observed. 

Note that in the stable region, the output noise voltage 
is linearly proportional to |Zql. In effect, Cg dictates the 
high frequency roll-off point of the circuit. Operation in 
the area titled ‘‘Marginally Stable” will cause the output 
of the regulator to exhibit random bursts of oscillation 
that decay in an under-damped fashion. Continuous os- 
cillation occurs when operating in the area titled ‘‘Un- 
stable.” It is suggested that oven testing of the entire 
circuit be performed with maximum load, minimum in- 
put voltage, and minimum ambient temperature. 
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Product Preview 


LOW DROPOUT DUAL REGULATOR 


The LM2935 is a dual positive 5.0 volt low dropout voltage 
regulator, designed for standby power systems. The Main Output 
is capable of supplying 750 mA for microprocessor power, and 
can be turned on and off by the Switch/Reset input. The other 
output is dedicated for standby operation of volatile memory, and 
is capable of supplying up to 10 mA loads. The total device fea- 
tures a low quiescent current of 3.0 mA or less when supplying 
10 mA from the Standby Output. 

This part was designed for harsh automotive environments and 
is therefore immune to many input supply voltage problems such 
as reverse battery (—~ 12 V), double battery (+ 24 V), andload dump 
transients (+60 V). 


Two Regulated 5.0 Volt Outputs 

Main Output Current in Excess of 750 mA 

On/Off Control of Main Output 

Standby Output Current in Excess of 10 mA 

Low Input-Output Differential of Less Than 0.6 V at 500 mA 
Short Circuit Current Limiting 

Internal Thermal Shutdown 

Low Voltage Indicator Output 


Designed for Automotive Environment Including: 
e@ Reverse Battery Protection 

@ Double Battery Protection 

@ Load Dump Protection 

@ Reverse Transient Protection 


@ Five Pin TO-220 Package 


TYPICAL APPLICATION CIRCUIT 


Main 
Output 
O 5 V/750 mA 


+ 
2 
Fro 
LM2935T =a 


Standby 
O 5V/10 mA 


*Note: The Main Output is “Off’’ with switch S1 open. 


An input bypass capacitor is recommended if the regulator is located more than 4" from 
the supply input filter. The LM2935 is not internally compensated and thus requires an 
external output capacitor for stability. A minimum capacitance of 10 uF is recommended. 
The actual capacitance value is dependent upon load current, temperature, and the capac- 
itor’s equivalent series resistance (ESR). The least stable condition is encountered at max- 
imum load current and minimum ambient temperature. 


This document contains information on a product under development. Motorola reserves the right to 
change or discontinue this product without notice. 


LM2935T 


LOW DROPOUT 
DUAL REGULATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


T SUFFIX 
PLASTIC PACKAGE 
CASE 314D 
(5 LEAD TOQ-220 TYPE) 


PIN CONNECTIONS 


Pin 1. Input 
2. Main Output 
3. Ground 
4. Switch/Reset 
5. Standby Output 


(Heatsink surface connected to Pin 3) 


ORDERING INFORMATION 


Operating Junction 
Temperature Range Package 
LM2935T —40 to + 125°C Plastic Power 
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MAXIMUM RATINGS 


+ 
| Rating | Symbol Value Unit | 
Input Voltage Continuous Vin 60 ail Vde 
Transient Reverse Polarity Input Voltage a —Vin(z} | — 50 Vpk | 

1.0% Duty Cycle, 7 < 100 ms a 
Power Dissipation and Thermal Characteristics ; ‘i 
Case 314D (TO-220) T Suffix 
Maximum Power Dissipation Pp Internally Limited] W 
Thermal Resistance Junction to Air BJA 62.5 °C/W 
| Thermal Resistance Junction to Case (Pin 3) 9JC 1.9 °C/W 
Operating Junction Temperature Range TY —40 to +150 °C 
Bical 4 {|_—* 
Storage Temperature Range Tstg_ ~65 to + 150 °C 


ELECTRICAL CHARACTERISTICS (Vj, = 14 V, Iq = 500 mA, Istby = 0 mA, Co = 10 uF, Cstby = 10 uF, Ty = 25°C, 
Note 1, unless otherwise noted.) 


Characteristic Symbol Min | Typ | Max | Unit | 
MAIN OUTPUT 


a 
Output Voltage Vo 4.75 50 | 525 | Vv 
Vin = 6.0 V to 26 V, Iq = 5.0 mA to 500 mA, Ty = - 40°C to 125°C _ 4 | | 


Line Regulation Regline mV 


= 9.0 Vto 16 V,1l9 = 5.0 mA — 4.0 25 

in = 6.0 V to 26 V, Iq = 5.0 mA — 10 50 
Load Regulation (lg = 5.0 mA to 500 mA) ic Regioad _ 10 50 mV 
Output Impedance Zo — 200 — mQ 


lg = 500 mAdc and 10 mArms, f = 100 Hz to 10 kHz 


Output Noise Voltage (f = 10 Hz to 100 kHz) Vn _— 100 — pVrms 


Long Term Stabitity S — 20 _ mV/kKHR 
Ripple Rejection (f = 120 Hz) RR SC alls G6 o4) a= dB 
Dropout Voltage Vin-Vo Vv 

Io = 500 mA — | 045 | 06 


lo = 750 mA — 0.82 _— 


Short Circuit Current Limit Isc 0.75 1.2 Laake 


Overvoltage Shutdown Threshold Vih(OV) 26 31 — Vv 
Reset Output Voltage Vv 
Low State, Vin = 4.0 V, Ronoff = 20 kO VOL — 0.9 1.2 
High State, Vin = 14 V, Ronvoff = 20 kD 4 VOH 45 5.0 6.0 
Reset Output Current (VReset = 1.2 V) ISink 35 5.0 _— mA 


— 
[Reset Pull-Up Resistor, On/Off ROn/Oft — 20 30 kK 


Output Voltage with Reverse Polarity Input (Vi, = -—15V, RE = 109) -Vo “06 | 0 ce | 


NOTE: 
1. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
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ELECTRICAL CHARACTERISTICS (continued) (Vin = 14 V, 19 = OMA, Igthy = 10 MA, Co = 10 HF, Cothy = 10 uF, Ty = 25°C, 
Note 1, unless otherwise noted.) 


| Characteristic Symbol Min Typ Max Unit 


STANDBY OUTPUT 


—T ~— —— 

Output Voltage Vo(stby) 4.75 5.0 5.25 Vv 

Vin = 6.0 V to 26 V, Isthy = 1.0 mA to 10 mA, Ty = —40°C to 125°C { 
Tracking Voltage Vo-VOistby) | ~290 0) zi 200 mV 
Line Regulation (Vin = 6.0 V to 26 V) Regline ~_ 4.0 50 mV 
Load Regulation (Istpy = 1.0 mA to 10 mA) Regioad — 10 50 mV 
Output Impedance ZO\(stby) _ 1.0 — Q 

Istby = 10 mAdc and 1.0 mArms, f = 100 Hz to 10 kHz 
Output Noise Voltage (f = 10 Hz to 100 kHz) =i Vn — 300 | uVrms 
Long Term Stability Ss _ 20 EMSs mV/kHR 
Ripple Rejection (f = 120 Hz) RR ifs —_ | 66 — dB 
Dropout Voltage (Isthy = 10 mA) Vin-VO(stby) _ 0.55 0.7 Mv 

: = 
Short Circuit Current Limit Isc 25 70 — mA 
Output Voltage with Reverse Polarity Input (Vj, = —15V, RL = 510 2) si -Vo —0.3 0 _— | Vv 
os as T 

Output Voltage with Maximum Positive Input VoO(max) —_ 5.0 6.0 Vv 

Vin = 60 V, RL = 510 dee ant, ope 
TOTAL DEVICE 

T 

Bias Current IB mA 

IQ = 10 MA, Istby = 9 mA as 3.0 = 

Ig = 500 mA, Isthy = 9 mA = 40 100 

IQ = 750 mA, Igthy = OMA — 90 — 

Main Output “Off”, Istby = 10 mA _ 2.0 3.0 


NOTE 1. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 


TYPICAL CIRCUIT WAVEFORMS 


Vin. Input Voltage 
(Pin 1) 


$1, On/Off Switch Open 


Vo, Main Output 
Voltage (Pin 2) 


Reset (Pin 4) 


Vstby. Standby 
Voltage (Pin 5) 


Low Input Output Output 
Voltage Short Turn- Off 


Input ae? 
t 
Load Voltage alee Thermal 


Dump Line Noise Shutdown 
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MOTOROLA 
= SEMICONDUCTOR yxy 
TECHNICAL DATA 


PRECISION WIDE RANGE i 
PRECISION WIDE RANGE VOLTAGE VOLTAGE and 
AND CURRENT REGULATOR CURRENT REGULATOR 


This unique ‘floating’ regulator can deliver hundreds of volts SILICON MONOLITHIC 
— limited only by the breakdown voltage of the external series INTEGRATED CIRCUIT 
pass transistor. Output voltage and output current are adjustable. 
The MC1466L integrated circuit voltage and current regulator is 
designed to give ‘laboratory’’ power-supply performance. 


Voltage/Current Regulation with Automatic Crossover 


Excellent Line Voltage Regulation, 0.03% +3.0 mV (Max) 

; : L SUFFIX 
Excellent Load Voltage Regulation, 0.03% +3.0 mV (Max) CERAMIC PACKAGE 
Excellent Current Regulation, 0.2% +1.0 mA CASE 632 


Short-Circuit Protection 

Output Voltage Adjustable to Zero Volts 
Internal Reference Voltage 

Adjustable Internal Current Source 


TYPICAL APPLICATIONS 
FIGURE 1 — 0-TO-15 Vdc, 10-AMPERES REGULATOR FIGURE 2 — 0-TO-40 Vdc, 0.5-AMPERE REGULATOR 


2N3055] 2N3055 
OR OR 
€Quiv 


1N4001 


1N4001 
OR EQUIV 


FIGURE 3 — O-TO-25 Vdc, 0.1-AMPERE REGULATOR 


1N4005 OR EQUIV 


oR EQUIV T: (R= Yp-20 FOR vp<20 Vic, A= 
: 0.07 
Pins 1 and 4 no connection 


Pins 1.2.3, and 4 no connection. 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted) 


Rating 


Auxiliary Voltage 


Power Dissipation (Package Limitation) 


Derate above Ta = +50°C 


Operating Temperature Range 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vaux = +25 Vdc unless otherwise noted) 


Characteristic Definition 


2N2222 
OR EQUIV 


Symbol_| Min | Typ _| Max | Units | 


E 


2N2222 


! 
5. ge OF FQUIV 


MC1466* 


2N3055 
OR FQuIV | 


2N2222 
OR FQUIV 


7N3055 
OR EQuiv 


Characteristic 
Auxiliary Voltage (See Notes 1 & 2) Vaux 21 Vde 
| (Voltage from pin 14 to pin 7) 
Auxiliary Current ae 12 
Internal Reference Voltage i Vir 19.7 | Vdc 
(Voltage from pin 12 to pin 7) 
eference Current (See Note 3) | lref 1.2 | madc | 
———+ 
Input Current — Pin 8 Ig 
sd Power Dissipation Pp 
Input Offset Voltage, Voltage Control Viov mVdc 
Amplifier (See Note 4) 

Load Voltage Regulation AViov mV 
(See Note 5) AVret/Vref % 
——j 
Line Voltage Regulation AViov mV 
(See Note 6) AVrefiVref % 
Temperature Coefficient of Output TCy, %/°C 

Voltage (TA = 0 to + 75°C) an 
Input Offset Voltage, Current Control Vioi 0 15 40 | mVde 
Amplifier (See Note 4) 
(Voltage from pin 10 to pin 11) 
Load Current Regulation AILAL —_ 0.2 —_ % 
(See Note 7) Alret _ _ 1.0 | mAdc 


*Pins 1 and 4 no connection. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-100 


MC1466L 


NOTE 1: 
The instantaneous input voltage, Vayx, must not exceed the 
maximum value of 30 volts for the MC1466. The instantaneous 
value of Vaux Must be greater than 21 volts for the MC1466 for 
proper internal regulation. 
NOTE 2: 
The auxiliary supply voltage Vayx, must “float” and be electri- 
cally isolated from the unregulated high voltage supply, Vin. 
NOTE 3: 
Reference current may be set to any value of current less than 
1.2 mAdc by penn the relationship: 


lref (MA) = 


NOTE 4: 
A built-in offset voltage (15 mVdc nominal) is provided so that 
the power supply output voltage or current may be adjusted to 
zero. 

NOTE 5: 
Load Voltage Regulation is a function of two additive compo- 
nents, AVigy and AV ref, where AVjoy is the change in input offset 
voltage (measured between pins 8 and 9) and AVre¢ is the 
change in voltage across R2 (measured between pin 8 and 
ground). Each component may be measured separately or the 
sum may be measured across the load. The measurement pro- 
cedure for the test circuit shown is: 
a. ve S1 open (l4 = 0) measure the value of Vigy (1) and 


b. eft Mh, adjust R4 so that lq = 
and Vref (2): 


Then AViov = Viov ee Viov (2) 
% Reference Rees lation = 


500 2A and note Vigy (2) 


Load Voltage Regulation = 


AV, 
AZtet (100%) + AVioy. 
Vref 
NOTE 6: 
Line Voltage Regulation is a function of the same two additive 
components as Load Voltage Regulation, AVioy and AVref (see 
Note 5). The measurement procedure is: 
a. Set the auxiliary voltage, Vaux, to 22 volts. Read the value 
of Vioy (1) and Vref (1)- 
b. Change the Vayx to 28 volts and note the value of Vioy (2) 
and Vref (2). Then compute Line Voltage Regulation: 
iov = AViov (1) — Viov (2) 
% yaeaines arate = 
-Vv 
ret (1) — Vref (2)! (100%) = 
Vref (1) 
Line Voltage Regulation = 


Wret (100%) + AVioy. 
Vref 


“pet (100%) 
Vref 


NOTE 7: 
Load Current Regulation is measured by the following 
procedure: 
a. With S2 open, adjust R3 for an initial load current, IL(1), such 
that Vo is 8.0 Vdc. 
b. With S2 closed, adjust Ry for Vg = 1.0 Vde and read 11,2). 
Then Load Current Regulation = 


Mui) = Tint! 190%) + Inet 
IL) 
where lref is 1.0 mAdc, Load Current Regulation is specified 
in this manner because Iref Passes through the load in a 
direction opposite that of load current and does not pass 
through the current sense resistor, Rs. 


ret (1) — Vref 20) (19994) = or (100%) 
Vref (1) 
FIGURE 5 — BLOCK DIAGRAM 
CURRENT 
REGU Cates ° _ : 


VOLTAGE 


“i 
Vaux INTERNAL REFERENCE VOLTAGE 
VOLTAGE CURRENT CONTROL 
INTERNAL REGULATOR SOURCE AMPLIFIER 


COMPENSATION 
“Vv 


aux 


CURRENT 
CONTROL 
AMPLIFIER 


OUTPUT 
AMPLIFIER 


COMPENSATION 


O3 O8 O 
CURRENT VOLTAGE CURRENT 
SOURCE SENSE INPUT SENSE INPUT 
CIRCUIT SCHEMATIC. 
O12 19 O02 4 
39k 
14 
RA —_ 
750 
= 
43k Sk 
3 [J ene 19 6k 80k 3 3 5 
cR? a 
5 
ie CRE 
CRS 
125V 
VB2 


30 


cri 
"sy Sy 
22k 
? 
+— 


a O08 O9 Or Ono 
INTERNAL REFERENCE VOLTAGE CURRENT or OUTPUT 
VOLTAGE CURRENT CONTROL CONTROL AMPLIFIER 
REGULATOR SOURCE AMPLIFIER AMPLIFIER 
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FIGURE 6 — TYPICAL CIRCUIT CONNECTION 


S 
110 V {ems} 


FUSE 


C3 
fe Virms) = 0.1 uF 


1500 pF 


MC1466L 


CURRENT 


LIMIT CRS 


ADJUST 


Pins | and 4 no connection 


NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS 


. Constant Voltage: 
For constant voltage operation, output voltage Vo is given by: 
Vo = ref) (R2) 
where R2 is the resistance from pin 8 to ground and Iref is the 
output current of pin 3. 
The recommended value of lref is 1.0 mAdc. Resistor R1 sets 
the value of Iref: 
tet = 22 
ref = Ry 
where R11 is the resistance between pins 2 and 12. 
. Constant Current: 
For constant current operation: 
(a) Select Rg for a 250 mV drop at the maximum desired reg- 
ulated output current, Imax. 
(b) Adjust potentiometer R3 to set constant current output at 
desired value between zero and Imax. 
. If Vin is greater than 20 Vdc, CR2, CR3, and CR4 are necessary 
to protect the MC1466 during short circuit or transient 
conditions. 
. In applications where very iow output noise is desired, R2 may 
be bypassed with C1 (0.1 zF to 2.0 nF). When R2 is bypassed, 
CR1 is necessary for protection during short circuit conditions. 
. CR5 is recommended to protect the MC1466 from simultane- 
ous pass transistor failure and output short circuit. 


. The RC network (10 pF, 240 pF, 1.2 kf) is used for compen- 


sation. The values shown are valid for all applications. How- 
ever, the 10 pF capacitor may be omitted if f, of Q1 and Q2 is 
greater than 0.5 MHz. 


. For remote sense applications, the positive voltage sense ter- 


minal (Pin 9) is connected to the positive load terminal through 
a separate sense lead; and the negative sense terminal (the 
ground side of R2) is connected to the negative load terminal 
through a separate sense lead. 


. Co may be selected by using the relationship: 


Co = (100 uF) IL(max). Where IL(max) is the maximum load 
current in amperes. 


. C2 is necessary for the internal compensation of the MC1466. 
. For optimum regulation, current out of Pin 5, I5 should not 


exceed 0.5 mAdc. Therefore select Q1 and Q2 such that: 


Imax 
B1p2 — 0.5 mAdc 
where: Imax = Maximum short-circuit load current (mAdc) 
Bl minimum beta of Q1 
B2 = minimum beta of 02 
Although Pin 5 will source up to 1.5 mAdc, I5 > 0.5 mAdc will 
result in a degradation in regulation. 


u 


. CR6 is recommended when Va, > 150 Vde and should be rated 


such that Peak Inverse Voltage > Vo. 


12. In applications where R2 might be rapidly reduced in value, it 
is recommended that CR3 be replaced by Q2 and R4. 


C1 


0.1 WF i 


8 


CR2 


R2 


9 


Q2 


R4 


This design consideration prevents R2 from being destroyed 
by excessive discharge current from Cp. Components Q2 and 
R4 should be selected such that: 


VcEO of Q2 = Vo 
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OPERATION AND APPLICATIONS 


This section describes the operation and design of the MC1466 voltage and current regulator and also provides information 


on useful applications. 


THEORY OF OPERATION 


The schematic of Figure 5 can be simplified by break- 
ing it down into basic functions, beginning with a simplified 
version of the voltage reference, Figure 7. Zener diodes 
CR1 and CRS with their associated forward biased diodes 
CR2 through CR4 and CR6 through CR8 form the stable 
reference needed to balance the differential amplifier. At 
balance (Vp = VB2), the output voltage, (Vi2 — V7). 
is at a value that is twice the drop across either of the two 
diode strings: V}2 — V7 = 2 (VcR1 + VCR2 + VCR3 + 


VcR4). Other voltages, temperature compensated or other- 


wise, are also derived from these diodes strings for use in 
other parts of the circuit. 


The voltage controlled current source (Figure 8) is a 
PNP-NPN composite which, due to the high NPN beta, 


FIGURE 7 — REFERENCE VOLTAGE REGULATOR 


; 


Regulated 
Voltage 
18 V 


I 


Equivalent 
Diode V7 ~9 V 


Vaux 
Veli 


Equivatent 


yields a good working PNP from a lateral device working 
at a collector current of only a few microamperes. Its base 
voltage (VB>) is derived from a temperature compensated 
portion of the diode string and consequently the overall 
current is dependent on the value of emitter resistor R1. 
Temperature compensation of the base emitter junction 
of Q3 is not important because approximately 9 volts 
exists between VB, and Vj2, making the AVBF’s very 
small in percentage. Circuit reference voltage is derived 
from the product of Ip and Rp; if Ip is set at 1 mA 
(R1 = 8.5 kQ), then Rp (in kQ) = Vo. Other values of 
current may be used as long as the following restraints are 
kept in mind: 1) package dissipation will be increased by 
about |] mW/mA and 2) bias current for the voltage control 
amplifier is 3 uA, temperature dependent, and is extracted 
from the reference current. The reference current should 


FIGURE 8 — VOLTAGE CONTROLLED CURRENT SOURCE 
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be at least two orders of magnitude above the largest ex- 
pected bias current. 


Loop amplification in the constant voltage mode is 
supplied by the voltage controlled amplifier (Figure 9), a 
standard high gain differential amplifier. The inputs are 
diode-protected against differential overvoltages and an 
emitter degenerating resistor, ROS, has been added to one 
of the transistors. For an emitter current in both Q5 and 
Q6 of 1/2 milliampere there will exist a preset offset volt- 
age in this differential amplifier of 15 mV to insure that 
the output voltage will be zero when the reference voltage 
is zero. Without Ros, the output voltage could be a few 
millivolts above zero due to the inherent offset. Since the 
load resistor is so large in this stage compared with the 
load (Q9) it will be more instructive to look at the gain on 
a transconductance basis rather than voltage gain. Trans- 
conductance of the differential stage is defined for small 
signals as: 


Se ste 1 
gm ote + RE (1) 
where 
0.026 
te ~ -——_ and 
IE 


RE = added emitter degenerating resistance. 


For Ip =0.5 mA, 


1 


1 
iy Stee oe It 2 
ei tar eaG 7.5 mA/volt (2) 


134 


FIGURE 9 — VOLTAGE CONTROL AMPLIFIER 


Preregulated 
18 Vv 


8 O 
Reference Voltage 
VR 


+ Output Sense 


FIGURE 10 — CURRENT CONTROL CIRCUIT 


This level is further boosted by the output stage such that 
in the constant voltage mode overall transconductance is 
about 300 mA/volt. 

A second differential stage nearly identical to the first 
stage, serves as the current control amplifier (Figure 10). 
The gain of this stage insures a rapid crossover from the 
constant voltage to constant current modes and provides 
a convenient point to control the maximum deliverable 
load current. In use, a reference voltage derived from the 
preregulator and a voltage divider is applied to pin 10 
while the output current is sampled across Rg by pin I1. 
When I, Rg is 15 mV below the reference value, voltage 
V1 begins to rapidly rise, eventually gaining complete 
control of Q9 and limiting output current to a value of 
V2/Rs. If V2 is derived from a variable source, short 
circuit current may be controlled over the complete out- 
put current capability of the regulator. Since the constant- 
voltage to constant-current change-over requires only a few 
millivolts the voltage regulation maintains its quality to 
the current limit and accordingly shows a very sharp 
“knee” (1% +1 mA, Figure 11). Note that the regulator 
can switch back into the constant voltage mode if the 
output voltage reaches a value greater than VR. Operation 
through zero milliamperes is guaranteed by the inclusion 
of another emitter offsetting resistor. 

FIGURE 11 — V, CURVE FOR 0-TO-40V, 
0.5-AMPERE REGULATOR 


V, VOLTAGE (VOLTS) 


t—-+4 
0.1 


+— 
0.2 03 04 O5 


1, CURRENT (AMPERES) 
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Transistor Q9 and five diodes comprise the essential 
parts of the output stage (Figure 12). The diodes perform 
an “OR” function which allows only one mode of operation 
at a time - constant current or constant voltage. However, 
an additional stage (Q9) must be included to invert the 
logic and make it compatible with the driving requirements 
of series pass transistors as well as provide additional gain. 
A 1.5 mA collector current source sets the maximum de- 
liverable output current and boosts the output impedance 
to that of the current source. 

Note that the negative (substrate) side of the MC1466 is 
7.25 volts lower than the output voltage, and the reference 
regulator guarantees that the positive side is 11 volts above 
the output. Thus the IC remains at a voltage (relative to 
ground) solely dependent on the output, ‘‘floating’’ above 
and below Vo. VCE across Q9 is only two or three VBE’s 
depending on the number of transistors used in the series pass 
configuration. 

Performance characteristics of the regulator may be approx- 
imately calculated for a given circuit (Figure 2). Assuming 
that the two added transistors (Q12 and Q13) have minimum 
betas of 20, then the overall regulator transconductance will 
be: 


Bm = (400) 300 mA/volt = 120 A/volt. (3) 


For a change in current of 500 mA the output voltage 
will drop only: 


0.5 
AV =—— =4.2 mV. (4) 
120 


FIGURE 12 — MC1466 OUTPUT STAGE 


Preregulated 
18 Vv 
From Current From Voltage 


Controt Amplifier 


Controt Amplifier 


The analysis thus far does not consider changes in VR 
due to output current changes. If Ip increases by 500 mA 
the collector current of Q9 decreases by 1.25 mA, causing 
the collector current of Q5 to increase by 30 wA. Accord- 
ingly, IR will be decreased by ~0.30 uA which will drop 
the output by 0.03%. This figure may be improved con- 
siderably by either using high beta devices as the pass 
transistors, or by increasing Ip. Note again, however, that 
the maximum power rating of the package must be kept 
in mind. For example if IR = 4 mA, power dissipation is 


Pp = 20 V(8 mA) + (11 Vx 3 mA)= 193 mW. (5) 


This indicates that the circuit may be safely operated up 
to 118°C using 20 volts at the auxiliary supply voltage. 
If, however, the auxiliary supply voltage is 35 volts, 


Pp = 35 V(8 mA) + 26 V (3 mA) = 358 mW. (6) 


which dictates that the maximum operating temperature 
must be less than 91°C to keep package dissipation within 
specified limits. 

Line voltage regulation is also a function of the voltage 
change between pins 8 and 9, and the change of Vref. In 
this case, however, these voltages change due to changes in 
the internal regulator’s voltages, which in turn are caused 
by changes in Vaux. Note that line voltage regulation is 
not a function of Vin. Note also that the instantaneous 
value of Vayx must always be between 20 and 35 volts. 


Figure 6 shows six external diodes (CR} to CR6) added 
for protective purposes. CR} should be used if the output 
voltage is less than 20 volts and CR2, CR3 are absent. For 
Vo higher than 20 volts, CRy should be discarded in favor 
of CR? and CR3. Diode CRq prevents IC failure if the 
series pass transistors develop collector-base shorts while 
the main power transistor suffers a simultaneous open emit- 
ter. If the possibility of such a transistor failure mode 
seems remote, CR4 may be deleted. To prevent instant- 
aneous differential and common mode breakdown of the 
current sense amplifier, CR5 must be placed across the 
current limit resistor Rg. 

Load transients occasionally produce a damaging reversal 
of current flow from output to input Vo > 150 volts (which 
will destroy the IC). Diode CR6 prevents such reversal 
and renders the circuit immune from destruction for such 
conditions, e.g., adding a large output capacitor after the 
supply is turned “on”. Diodes CR], CR2, CR3, and CR5 
may be general purpose silicon units such as 1N4001 or 
equivalent whereas CR4 and CR¢ should have a peak inverse 
voltage rating equal to Vin or greater. 


APPLICATIONS 


Figure 2 shows a typical 0-to-40 volts, 0.5-ampere regu- 
lator with better than 0.01% performance. The RC network 
between pins 5 and 6 and the capacitor between pins 13 and 
14 provide frequency compensation for the MC1466. The 
external pass transistors are used to boost load current, since 
the output current of the regulator is less than 2 mA. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-105 


MC1466L 


Figure 1] is a O-to-15 volts, 10-ampere regulator with the 
pass transistor configuration necessary to boost the load 
current to 10 amperes. Note that Co has been increased to 
1000 pF following the general rule: 


Co = 100 wF/A IL. 


The prime advantage of the MC1466 is its use as a high 
voltage regulator, as shown in Figure 3. This 0-to-250 volts 
0.1-ampere regulator is typical of high voltage applications, 
limited only by the breakdown and safe areas of the output 
pass transistors. 


The primary limiting factor in high voltage series regula- 
tors is the pass transistor. Figure 13 shows a safe area curve 
for the MJ413. Looking at Figure 3, we see that if the 
output is shorted, the transistor will have a collector cur- 
rent of 100 mA, with a VCE approximately equal to 260 
volts. Thus this point falls on the dec line of the safe area 
curve, insuring that the transistor will not enter secondary 
breakdown. 


In this respect (Safe Operating Area) the foldback circuit 
of Figure 14 is superior for handling high voltages and yet 
is short-circuit protected. This is due to the fact that load 
current is diminished as output voltage drops (Vc'E increases 
as Vy drops) as seen in Figure 15. By careful design the 
load current at a short, [gc can be made low enough such 
that the combined VcE (Vin) and Is¢ still falls within the 
dc safe operating area of the transistor. For the illustrated - 
design (Figure 14), an input voltage of 210 volts js compa- 


tible with a short circuit current of 100 mA. Yet current 
foldback allows us to design for a maximum regulated load 
current of 500 mA. the pertinent design equations are: 


Let R2 (kQ) = Vo 


= 9.25 | a | 
Vo lsc 
R] (kQ) = i ee Vo 
_ 0.25 
RSC* Ga tsC 


o Ic, COLLECTOR CURRENT (AMPERES) 


SECONDARY BREAKDOWN LIMITATION 
THERMAL LIMITATION AT Tc = 25°C 


(BASE-EMITTER DISSIPATION IS 
PERCEPTIBLE ABOVE Ic = 5A.) 


The Safe Operating Area Curves indicate 
Ic — Veg limits below which the device will 
not enter secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a catastrophic failure. To insure 
operation below the maximum TJ, power- 
temperature derating must be observed for 
both steady state and pulse power 
conditions. 


0.1 


01 
10 2.0 406.0 10 20 


Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 — A 200 V, 0.5-AMPERE REGULATOR WITH CURRENT FOLDBACK 
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The terms Isc and I, correspond to the short-circuit 
current and maximum available load current as shown in 
Figure 15. 


FIGURE 15 — TYPICAL FOLDBACK PERFORMANCE 
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Vo, OUTPUT VOLTAGE (Vdc} 


(0) 'sc 200 400 'k 600 800 
lg, OUTPUT CURRENT (mAdc) 


Figure 16 shows a remote sense application which should 
be used when high current or long wire lengths are used. This 
type of wiring is recommended for any application where the 
best possible regulation is desired. Since the sense lines draw 
only a small current, large voltage drops do not destroy the 
excellent regulation of the MC1466. 


TRANSIENT FAILURES 


In industrial areas where electrical machinery is used 


the normal ac line often contains bursts of voltage running 
from hundreds to thousands of volts in magnitude and only 
microseconds in duration. Under some conditions this en- 
ergy is dissipated across the internal zener connected be- 
tween pins 9 and 7. This transient condition may produce 
a total failure of the regulator device without any apparent 
explanation. This type of failure is identified by absence 
of the 7 volt zener (CR1) between pin 9 and pin 7. To pre- 
vent this failure mode the use of a shielded power 
transformer is recommended, as shown in Figure 6. In 
addition, it is recommended that Cl, C3 and C4 be 
included to aid in transient repression. These capacitors 
should have good high frequency characteristics. 

If the possibility of transients on the output exists, the 
addition of a resistor and zener diode between pins 9 and 
7 as shown on Figure 17 should be added. 


VOLTAGE/CURRENT MODE INDIC ATOR 


There may be times when it is desirable to know when the 
MC1466 is in the constant current mode or constant voltage 
mode. A mode indicator signal circuit can be easily added to 
provide this feature. Figure 18 shows how a PNP transistor has 
replaced a protection diode between pins 8 and 9 of Figure 2. 
When the MC1466 goes from constant voltage mode to constant 
current mode, Vo will drop below Vg and the PNP transistor 
will turn on. The 1 mA current supplied by pin 8 will now be 
shunted to base of QI thereby providing a mode signal output. 


FIGURE 16 — REMOTE SENSE 


MC1466L 


All diodes are 
1N4001 or 
equivalent. 


Note: All Ground Connections at Load Site. 
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FIGURE 17 — AO-TO-250 VOLT, 0.1-AMPERE REGULATOR 
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All diodes are 
1N4001 or 
equivalent. 
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*Select Q1 such that VcEO > Vo 
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MOTOROLA 
= SEMICONDUCTOR se MC1468 


TECHNICAL DATA MC1568 


DUAL +15 VOLT TRACKING REGULATOR DUAL +15 VOLT 

The MC1468/MC1568 is a dual polarity tracking regulator TRACKING REGULATOR 
designed to provide balanced positive and negative output volt- SILICON MONOLITHIC 
ages at currents to 100 mA. Internally, the device is set for INTEGRATED CIRCUIT 


+15 volt outputs but an external adjustment can be used to 
change both outputs simultaneously from 8.0 to 20 volts. Input 
voltages up to +30 volts can be used and there is provision for 
adjustable current limiting. 


@ Internally Set to +15 V Tracking Outputs 
Output Currents to 100 mA 

Outputs Balanced to within 1.0% (MC1568) 
Line and Load Regulation of 0.06% 


1.0% Maximum Output Variation Due to Temperature 
Changes 


Standby Current Drain of 3.0 mA 
Externally Adjustable Current Limit 


Remote Sensing Provisions 
(Bottom View) 


G SUFFIX 
METAL PACKAGE 
CASE 603C 


CIRCUIT SCHEMATIC 


(2) Balance 
° Adjust 
(L package 


only) 
7(11) 


npenee t=) L SUFFIX 


CERAMIC PACKAGE 
CASE 632 


Voltage 4 Compen (-) ORDERING INFORMATION 


Adjust 9 
EB Re) Device | Temperature Range Package 
MC1468G O°C to + 70°C Metal Can 
MC1468L O°c to + 70°C Ceramic DIP 


Mc1568G | -55°C to +125°C 
mc1s6st | —55°C to +125°C | Ceramic DIP 


MOTOROLA LINEAR/INTERFACE DEVICES 


Pin numbers in parentheses are for the L suffix package. 
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MC1468, MC1568 


MAXIMUM RATINGS (Tc = + 25°C unless otherwise noted.) 


Peak Load Current 


Power Dissipation and Thermal Characteristics 


Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 


Tc = +25°C 
Derate above Tc = +25°C 
Thermal Resistance, Junction to Case 


Storage Junction to Temperature Range 


Minimum Short-Circuit Resistance 


Ambient Temperature 
MC1468 Oto +70 
MC1568 —55 to +125 


ELECTRICAL CHARACTERISTICS (Vcc = +20 V, Veg = -20V, C1 = C2 = 1500 pF, C3 = C4 = 1.0 uF, Rgct+ = Rgc- = 


400, |, + = IL- = 0, Tce = +25°C unless otherwise noted, see Figure 1.) 
MC1568 | MC1468 
Characteristic Symbol Min Typ Max Min Typ Max Unit 
| Output Voltage Vo +14.5 +15 +15.5 | +14.5 +18 + 15.5 Vde 
Input Voltage Vin _ _ +30 | — | _ +30 Vdc 
Input-Output Voltage Differential \Vin-Vo! : . — Vde 
Output Voltage Balance (L package only) VBal ts as mV 
Line Regulation Voltage Regjine aa mV 
(Vin = 18 V to 30 V) 
Tlow (Note 1) to Thigh (Note 2) . 
Load Regulation Voltage Regload mV 
(IL = 0 to 50 mA, Ty = constant) 
{TA = Tlow to Thigh) | 
Output Voltage Range VoR Vde 
L Package (See Figure 4) 
G Package (See Figures 2 and 13) 
Ripple Rejection (f = 120 Hz) RR dB 
Output Voltage Temperature Stability ITSVo| % 
Short-Circuit Current Limit Isc mA 
(Rgc = 10 ohms) [e 
Output Noise Voltage Vn uV(RMS) 
(BW = 100 Hz-10 kH2) 
Positive Standby Current igt mA 


(Vin = +30 V) 


Negative Standby Current IB- 1.0 3 ‘ ; mA 
(Vin = —30 Vv) 


Long-Term Stability AVoiat | — 0.2 _ = 0.2 


NOTES: 
1. Tlow = 0°C for MC1468 
= —§5°C for MC1568 
2. Thigh +70°C for MC1468 


+ 125°C for MC1568 
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TYPICAL APPLICATIONS 


FIGURE 1 — BASIC 50-mA REGULATOR 


47 +Vo 
+15V 


SENSE ( +) 


143) C2 
COMPEN (+) }—O 


MC 1568 


C1468 = GND GND 


COMPEN ( - } 
SENSE { —} 


-Vo 
Rgc— ~15V 
FIGURE 3 — +1.5 AMPERE REGULATOR 
(Short-Circuit Protected, with Proper Heatsinking) 
INPUT ( +) M2958 
(+20Vt0 +30y) «OR EQUIV Agc + +Vo 
@ +15 Vac 
3 
10 pF 
VYo+ SENSE(+) 
COMPEN (+} 
10 uF 
1S Vgg 
INPUT ( -) 0330 -Vo 
-2Vto —WV 2N3055 ? 
{ 1-3 OUIV 20W 


APPLICATIONS INFORMATION 


Compensation capacitors C1 and C2 must be located 
as close to the device as possible to prevent instability 
due to noise pickup. Input bypass capacitors Cj» are 
required if the device is located more than four inches 
from the power source filter capacitor. Output capacitor 
C4 is required for stability of the negative regulator. 
Capacitor C3 is used to improve the positive regulator 
load transient response. Low impedance quality capac- 
itors are required when operating the MC1568 at its 
temperature extremes. Extended range ceramic, tan- 
talum, and electrolytic capacitors are readily available 
from several manufacturers. 

Capacitor values should be determined on a system 
by system basis. Input lead length, output load, tem- 
perature range, and printed circuit board layout are fac- 
tors that will influence circuit performance. Typical val- 
ues for capacitors Cj,, C3, and C4 are 0.1 uF to 10 pF 
while C1 and C2 are 1500 pF. 


FIGURE 2 — VOLTAGE ADJUST AND 
BALANCE ADJUST CIRCUIT 
(14.5 V < Vout < 20 V) 


Asc + +Vo 


315)9 


Vo+ SENSE{+) Vagj 


Vcc COMPEN ( +} 


MC1568L 
merase, «GND 


VEE COMPEN (—} 


Vo- SENSE{-) 84ag) 


6 (10) O 


Rsc - ~Yo 


Balance adjust available in MC1568L, MC1468L ceramic dual-in-line 
package only. 


FIGURE 4 — OUTPUT VOLTAGE ADJUSTMENT 
FOR 8.0 V < |+Vol < 14.5V 
(Ceramic-Packaged Devices Only) 
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The presence of Balagj, pin 2, on devices housed in the dual in-line 
package (L suffix) allows the user to adjust the output voltages down 
to +8.0 V. The required value of resistor R2 can be calculated from 


ee R1 Rint (d + Ve) 
Rint Vo - 6 — Vz) - oR1 
Where: Rint = An Internal Resistor = R1 = 1.0kN 
@ = 0. 


= 0.68V 
Vz = 6.6V 
Some common design values are listed below: 
+VolV) R2 Tc Vo (%/°C) Ip + (mA) 
14 1.2k 0.003 10 
12 18k 0.022 7.2 
10 3.5k 0.025 5.0 
8.0 0 0.028 2.6 
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OUTPUT VOLTAGE DEVIATION (mV) 


+ + IL—, TOTAL LOAD CURRENT (mA) 


igc, SHORT-CIRCUIT CURRENT (mA\ 


MC1468, MC1568 


TYPICAL CHARACTERISTICS 
(Vcc = +20V, Veg = —-20V, Vo = +15V, Ta = +25°C unless otherwise noted.) 


FIGURE 5 — LOAD REGULATION 


0 °C < Ty < + 125°C 
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FIGURE 7 — MAXIMUM CURRENT CAPABILITY 


Vin ~Vo = 3.0V 
Voc = |Vee| 


CURVE NUMBER 
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FIGURE 9 — Isc versus Rgc 
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FIGURE 6 — REGULATOR DROPOUT VOLTAGE 
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FIGURE 8 — MAXIMUM CURRENT CAPABILITY 
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FIGURE 10 — CURRENT-LIMITING CHARACTERISTICS 


~ 25 0 +25 +50 +75 +100 +125 
Ty, JUNCTION TEMPERATURE (°C) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-112 


lp, INPUT CURRENT (mA) 
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OUTPUT VOLTAGE DEVIATION, 20 mV/DIV 


MC1468, MC1568 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = +20 V, Veg = -20V, Vo = +15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 11 — STANDBY CURRENT DRAIN 


FIGURE 12 — STANDBY CURRENT DRAIN 
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FIGURE 13 — TEMPERATURE COEFFICIENT OF 
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FIGURE 14 — LOAD TRANSIENT RESPONSE 
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FIGURE 15 — LINE TRANSIENT RESPONSE 
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FIGURE 16 — RIPPLE REJECTION 
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TYPICAL CHARACTERISTICS (continued) 
(Vcc = +20V, Veg = ~20V, Vo = +15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 17 — OUTPUT IMPEDANCE 
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ORDERING INFORMATION 


Temperature Range Package 
MC1723CD $O0-14 
MC1723CG Metal Can 
Oe te cee Ceramic DIP 


Plastic DIP 


Metal Can 
Ceramic DIP 


— 55°C to + 125°C 


MC1723G 
MC1723L 


VOLTAGE REGULATOR 


VOLTAGE REGULATOR 
SILICON MONOLITHIC 


The MC1723 is a positive or negative voltage regulator designed INTEGRATED CIRCUIT 


to deliver load current to 150 mAdc. Output current capability can 
be increased to several amperes through use of one or more external 
pass transistors. MC1723 ts specified for operation over the military 
temperature range (-55°C to +125°C) and the MC1723C over the 
commercial temperature range (0 to +70°C) 


® Output Voltage Adjustable from 2 Vdc to 37 Vdc eae 

® Output Current to 150 mAdc Without External Pass Transistors PLASTIC PACKAGE 
© 0.01% Line and 0.03% Load Regulation CASE 646 

® Adjustable Short-Circuit Protection 


FIGURE 1 — CIRCUIT SCHEMATIC (orom View) 
G SUFFIX 
METAL PACKAGE 
CASE 603 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


D SUFFIX 


INVERTING 
pe varus PLASTIC PACKAGE : 
PIN NUMBERS AOJACENT TO TERMINALS ARE FOR THE METAL PACKAGE CASE 751A 14 ia 


PIN NUMBERS IN PARENTHESIS ARE FOR DUAL IN LINE PACKAGES (SO-14) 
1 


FIGURE 2 — TYPICAL CIRCUIT CONNECTION FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION 


{7 < Vg< 37} 


Vg = +15 Vde 


2N3055 IL = 2 Adc max 
OR EQuiv 
MC1723 


(MC1723C) ° Vin = 20 Ve 


MC1723 
(MC1723C) 


Rl +R2 Vsense 0.66 - 
? §SC = = — at Ty= +25°C 
R2 ) sc Sc 


For best results 10 k << RZ < 100k 
For minimum drift R3 = R1NR2 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 
Rating 


Pulse Voltage from Vcc to Veg (50 ms) 
Continuous Voltage from Vcc to VEE 


Input-Output Voltage Differential 


Maximum Output Current 
Current from Vref 
Current from Vz 
Voltage Between Non-Inverting Input and Veg 
Differential Input Voltage 
Power Dissipation and Thermal Characteristics 
Plastic Package 
Ta = +25°C 
Derate above Tq = +25°C 
Thermal Resistance, Junction to Air 
Metal Package 
Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
Tc = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Case 
Dual In-Line Ceramic Package 
Derate above Ta - +25°C 
Thermal Resistance, Junction to Air 


Operating and Storage Junction Temperature Range Ty, Tstg 
Metal Package 
Dual In-Line Ceramic 
Operating Ambient Temperature Range TA 
MC 1723C 
MC1723 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted: Ta = +25°C, Vin 12 Vdc, Vo = 5.0 Vde, I, = 1.0 mAdc, Rsc = 0, 
C1 = 100 pF, Cref = 0 and divider impedance as seen by the error amplifier =< 10 kN connected as shown in Figure 2) 


~65 to +150 
-65 to +175 


0 to +70 
-55 to +125 


ea eT 


a ee ee 
7.35 7.15 


Output Noise Voltage (f = 100 Hz to 10 kHz) 
Cref = 0 
Cref = 5.0 uF 

Average Temperature Coefficient of Output 
Voltage (Tiow <Ta <Thigh@) 


Line Regulation 
12V<Vj),<15 V 
Tee (o) in 
Mae Oye. 
Tow O<Ta <Thigh @) 


12V<Vip S15 V 


Load Regulation (1.0 mA <1; <50 mA) 
Ta = +25°C 
Tow <Ta <Thigh @ 


Ripple Rejection (f = 50 Hz to 10 kHz) 
Cre¢ = 5.0 uF 
Short Circuit Current Limit (Rgc = 1022, ~ 
Vo = 0) 


Long Term Stability VO/4t ; %/1000 Hr 
OFTisw 


"ofl 


0°C for MC1723C @ Thigh = +70° C for MC1723C 
~55°C for MC1723 = +125°C for MC1723 
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I, (max) LOAD CURRENT (mA) 


Repigad. LOAD REGULATION (% Vg) 


RELATIVE OUTPUT VOLTAGE (VOLTS} 


MC1723, MC1723C 


TYPICAL CHARACTERISTICS 
(Vin = 12 Vdc, Vg = 5.0 Vdc, IL = 1.0 mAdc, Rsc = 0, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — MAXIMUM LOAD CURRENT AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 8 — CURRENT LIMITING CHARACTERISTICS 
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FIGURE 5 — LOAD REGULATION CHARACTERISTICS 
WITHOUT CURRENT LIMITING 
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FIGURE 7 — LOAD REGULATION CHARACTERISTICS 
WITH CURRENT LIMITING 
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FIGURE 9 — CURRENT LIMITING CHARACTERISTICS 
AS A FUNCTION OF JUNCTION TEMPERATURE 
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Reyin, LINE REGULATION (%VQ) 


MC1723, MC1723C 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 10 — LINE REGULATION AS A FUNCTION FIGURE 11 — LOAD REGULATION AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 12 — STANDBY CURRENT DRAIN AS 
A FUNCTION OF INPUT VOLTAGE FIGURE 13 — LINE TRANSIENT RESPONSE 
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MC1723, MC1723C 


TYPICAL APPLICATIONS 
Pin numbers adjacent to terminals are for the metal package; 


Pin numbers in parenthesis are for the dual in-line packages. 


FIGURE 16 — TYPICAL CONNECTION FOR 2< Vg <7 FIGURE 17 — MC1723,C FOLDBACK CONNECTION 
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FIGURE 19 — +5 V, 1-AMPERE HIGH 


FIGURE 18 — +5 V, 1-AMPERE SWITCHING REGULATOR EFFICIENCY REGULATOR 
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4) 2N3055 +5 
1N4001 or Equiv 
{11)7 or Equiv Vin 2 a 
° +10 V 


Vin O 
? MC 1723 


(MC1723C) 


MC 1723 
(MC1723C) 
1M 
1k 


FIGURE 20 — +15 V, 1-AMPERE REGULATOR 
WITH REMOTE SENSE 


5.1K 


= 


FIGURE 21 — -15 V NEGATIVE REGULATOR 


0.33 


(12) 8 6 (10) 


2N3055 
or Equiv 


MC1723 
(MC1723C) 


MC1723 
(MC1723C) 


Vo=-15V 
2N3055 
or Equiv 
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TYPICAL APPLICATIONS (continued) 
FIGURE 22 — +12 V, 1-AMPERE REGULATOR 
USING PNP CURRENT 80OST 


2N3791 
Vin or Equiv 


MC1723 
(MC 1723C) 
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TECHNICAL DATA 


OVERVOLTAGE “‘CROWBAR” SENSING CIRCUIT 


These overvoltage protection circuits (OVP) protect sensitive elec- 
tronic circuitry from overvoltage transients or regulator failures 
when used in conjunction with an external ‘crowbar’ SCR. They 
sense the overvoltage condition and quickly “crowbar” or short 
circuit the supply, forcing the supply into current limiting or open- 
ing the fuse or circuit breaker. 

The protection voltage threshold is adjustable and the MC3423/ 
3523 can be programmed for minimum duration of overvoltage 
condition before tripping, thus supplying noise immunity. 

The MC3423/3523 is essentially a “two terminal’ system, there- 
fore it can be used with either positive or negative supplies. 


MAXIMUM RATINGS 


Remote Activation Input Voltage 


Output Current 


Operating Ambient Temperature Range 
MC3423 Oto +70 
MC3523 —55 to +125 


Operating Junction Temperature 
Plastic Package 125 
Ceramic Package 150 


—65 to + 150 


Storage Temperature Range 


TYPICAL APPLICATION 


Current 
Limited 

pc oO. 
Power 
Supply 


MC3523/3423 


OVERVOLTAGE 3 
SENSING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC3423 only) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SOP-8) 


PIN CONNECTIONS 


Vee 


Indicator 
Output 


Current Remote 
Source Activation 


(Top View) 


ORDERING INFORMATION 


MC3423P1 Plastic DIP 
MC3423U Ceramic DIP 
MC3523U, -—55 to +125°C Ceramic DIP 


Oto +70°C 
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ELECTRICAL CHARACTERISTICS (5 v < Vcc -VEE < 36 V. Tiow < TA < Thigh unless otherwise noted.) 


[Max | 
| 
(tq = 100 mA) 
Indicator Output Voltage VoLitnd) 
(lo (ing) = 1.6 mA) fospEtet 
Sense Trip Voitage VSense 1, 2.45 
(Figure 2) 


Remote Activation Input Current 
(ViH = 2.0 V, Voc-VeEE = 5.0 V) 
(Vit = 0.8 V, Vcc-VEE = 5.0 V) 


Output Current Risetime tr 
(Ta = 25°C) 


Propagation Delay Time 
(Ta = 25°C) 
Supply Current 
MC3423 
MC3523 


Tiow = -55°C for MC3523 Thigh = +125°C for MC3523 
= 0°C for MC3423 = +70°C for MC3423 


FIGURE 1 — BLOCK DIAGRAM 


1 
'Source | 
QO Current 
4 Source 


30 Sense2 50 60 Indicator 
Remote Output 
Activation 


FIGURE 2 ~ SENSE VOLTAGE TEST CIRCUIT 


Switch 1 


Ramp V, until output goes high; this is 
the Vsense threshold. 
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FIGURE 3 — BASIC CIRCUIT CONFIGURATION 


1 
Verip = Vret Bh =26V +8) 


R2 < 10 kM for minimum drift 
Power 
2upOrY For minimum value of Rg, see Figure 9 


*See text for explanation 


FIGURE 4 — CIRCUIT CONFIGURATION FOR SUPPLY VOLTAGE ABOVE 36 V 


1 
To Vg —10 
Power MC3523 Load Rs = (“gg k2 
Ss j R Rl 
upply MC3423 Virip = Vret (+e) * 2.6 V (1+85) 
*R2< 10k 
: Vg < 50 V; 2N6504 or equivalent 
Vg < 100 V; 2N6505 or equivalent 
Vg < 200 V; 2N6506 or equivatent 


Vs < 400 V; 2N6507 or equivaient 
Vg < 600 V; 2N6508 or equivaient 
Vg < 800 V; 2N6509 or equivalent 


FIGURE 5 — BASIC CONFIGURATION FOR PROGRAMMABLE DURATION OF 
OVERVOLTAGE CONDITION BEFORE TRIP 


Power 
Supply 


2 Vret 
I 


x C * [12x103] C (See Figure 10) 
source 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT CONFIGURATION 


The basic circuit configuration of the MC3423/3523 
OVP is shown in Figure 3 for supply voltages from 4.5 V 
to 36 V, and in Figure 4 for trip voltages above 36 V. The 
threshold or trip voltage at which the MC3423/3523 will 
trigger and supply gate drive to the crowbar SCR, Q1, is 
determined by the selection of R1 and R2. Their values 
can be determined by the equation given in Figures 3 and 
4, or by the graph shown in Figure 8. The minimum value 
of the gate current limiting resistor, RG, is given in 
Figure 9. Using this value of Rc, the SCR, Q1, will receive 
the greatest gate current possible without damaging the 
MC3423/3523. If lower output currents are required, RG 
can be increased in value. The switch, $1, shown in Figure 
3 may be used to reset the SCR crowbar. Otherwise, the 
power supply, across which the SCR is connected, must 
be shut down to reset the crowbar. if a non current- 
limited supply is used, a fuse or circuit breaker, F1, 
should be used to protect the SCR and/or the load. 

The circuit configurations shown in Figures 3 and 4 
wil) have a typical propogation delay of 1.0 us. If faster 
operation is desired, pin 3 may be connected to pin 2 with 
pin 4 left floating. This will result in decreasing the propo- 
gation delay to approximately 0.5 ws at the expense of a 
slightly increased TC for the trip voltage value. 


CONFIGURATION FOR PROGRAMMABLE MINIMUM 
DURATION OF OVERVOLTAGE CONDITION 
BEFORE TRIPPING 


In many instances, the MC3423/3523 OVP will be used 
in a noise environment. To prevent false tripping of the 
OVP circuit by noise which would not normally harm the 
load, MC3423/3523 has a programmable delay feature. To 
implement this feature, the circuit configuration of Figure 
5 is used. In this configuration, a capacitor is connected 
from pin 3 to VEE. The value of this capacitor determines 
the minimum duration of the overvoltage condition which 
is necessary to trip the OVP. The value of C can be found 
from Figure 10. The circuit operates in the following 
manner: When Vcc rises above the trip point set by R1 
and R2, an internal current source (pin 4) begins charging 
the capacitor, C, connected to pin 3. If the overvoltage 
condition disappears before this occurs, the capacitor is 
discharged at a rate = 10 times faster than the charging 
rate, resetting the timing feature until the next overvoltage 
condition occurs. 

Occasionally, it is desired that immediate crowbarring 
of the supply occur when a high overvoltage condition 
occurs, while retaining the false tripping immunity of 
Figure 5. In this case, the circuit of Figure 6 can be used. 
The circuit wil) operate as previously described for small 
overvoltages, but will immediately trip if the power 
supply voltage exceeds V71 + 1.4 V. 


FIGURE 6 — CONFIGURATION FOR PROGRAMMABLE 
DURATION OF OVERVOLTAGE CONDITION BEFORE 
TRIP/WITH IMMEDIATE TRIP AT 
HIGH OVERVOLTAGES 


+ Sense 
Lead) 


MC3523 


2d 


(- Sense Lead) 


ADDITIONAL FEATURES 


1. Activation Indication Output 


An additional output for use as an indicator of OVP acti- 
vation is provided by the MC3423/3523. This output is an 
open collector transistor which saturates when the OVP is 
activated. In addition, it can be used to clock an edge trig- 
gered flip-flop whose output inhibits or shuts down the 
power supply when the OVP trips. This reduces or eliminates 
the heatsinking requirements for the crowbar SCR. 


2. Remote Activation Input 


Another feature of the MC3423/3523 is its remote 
activation input, pin 5. If the volage on this CMOS/TTL 
compatible input is held below 0.8 V, the MC3423/ 
3523 operates normally. However, if it is raised to a 
voltage above 2.0 V, the OVP output is activated 
independent of whether or not an overvoltage con- 
dition is present. It should be noted that pin 5 has an 
internal pull-up current source. This feature can be 
used to accomplish an orderly and sequenced shut- 
down of system power supplies during a system 
fault condition. In addition, the activation indication 
output of one MC3423/3523 can be used to activate 
another MC3423/3523 if a single transistor inverter is 
used to interface the former’s indication output to 
the latter’s remote activation input, as shown in 
Figure 7. In this circuit, the indication output (pin 6) 
of the MC3423 on power supply 1 is used to activate 
the MC3423 associated with power supply 2. Q1 is 
any small PNP with adequate voltage rating. 
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FIGURE 7 — CIRCUIT CONFIGURATION FOR 
ACTIVATING ONE MC3523 FROM ANOTHER 


Note that both supplies have their negative output 
leads tied together (i.e., both are positive supplies). If 
their positive feads are common (two negative supplies) 
the emitter of Q1 would be moved to the positive lead 
of supply 1 and R1 would therefore have to be resized 
to deliver the appropriate drive to Q1. 


CROWBAR SCR CONSIDERATIONS 


Referring to Figure 11, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Cout- This capacitance con- 
sists of the power supply output caps, the load’s decou- 
pling caps, and in the case of Figure 11A, the supply’s 
input filter caps. This surge current is illustrated in Figure 
12, and can cause SCR failure or degradation by any one 
of three mechanisms: di/dt, absolute peak surge, or 12. 
The interrelationship of these failure methods and the 
breadth of the applicaticns make specification of the SCR 
by the semiconductor manufacturer difficult and expen- 
sive. Therefore, the designer must empirically determine 
the SCR and circuit elements which result in reliable and 
effective OVP operation. However, an understanding of 
the factors which influence the SCR’s di/dt and surge 
capabilities simplifies this task. 


1. di/dt 


As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very small region and gradually spreading. 
Since the anode current flows through this turned-on 
gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the 
occasion. 


CAPACITANCE (uF) 


c 


30 


20 


Rt, RESISTANCE (k9) 
S 


35 


30 


26 


20 


Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 8-— R11 versus TRIP VOLTAGE 


Vr, TRIP VOLTAGE (VOLTS) 


FIGURE 9— MINIMUM Rg versus SUPPLY VOLTAGE 


20 30 40 50 60 
Rg. GATE CURRENT LIMIT:NG RESISTOR (OHMS, 


FIGURE 10 — CAPACITANCE versus 
MINIMUM OVERVOLTAGE DURATION 


§ 71 


fae 


IN 


TT N 


tg, DELAY TIME (ms) 
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FIGURE 11 — TYPICAL CROWBAR OVP CIRCUIT 
CONFIGURATIONS 


oc 
Power 
Supply 


* Needed if supply not current limited 


FIGURE 12 — CROWBAR SCR SURGE CURRENT 
WAVEFORM 


Surge Due to 
Output Capacitor 


Current Limited 
Supply Output 


FIGURE 13 ~ CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 


Output 
Cap 


o———_ 
R&tL EMPIRICALLY DETERMINED! 


The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
11B. 

For a complete and detailed treatment of SCR and 
fuse selection, refer to Motorola Application Note 
AN-789. 


The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics of 
the gate drive signal. A center-gate-fire SCR has more 
di/dt capability than a corner-gate-fire type, and heavily 
overdriving (3 to 5 times IGT) the SCR gate with a fast 
< 1.0 ps rise time signal will maximize its di/dt capa- 
bility. A typical maximum number in phase contro! SCRs 
of less than 50 A(RMS) rating might be 200 A/us, as- 
suming a gate current of five times IGT and < 1.0 us 
rise time. If having done this, a di/dt problem is seen 
to still exist, the designer can also decrease the di/dt of 
the current waveform by adding inductance in series 
with the SCR, as shown in Figure 13. Of course, this 
reduces the circuit's ability to rapidly reduce the dc bus 
voltage and a tradeoff must be made between speedy 
voltage reduction and di/dt. 


2. Surge Current 

If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device over- 
heating will result. The surge capability of the SCR is 
directly proportional to its die area. If the surge current 
cannot be reduced (by adding series resistance — see 
Figure 13) to a safe level which is consistent with the 
system’s requirements for speedy bus voltage reduc- 
tion, the designer must use a higher current SCR. This 
may result in the average current capability of the SCR 
exceeding the steady state current requirements im- 
posed by the dc power supply. 


A WORD ABOUT FUSING 

Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring back 
to Figure 11A, it will be seen that a fuse is necessary if 
the power supply to be protected is not output current 
limited. This fuse is not meant to prevent SCR failure 
but rather to prevent a fire! 

In order to protect the SCR, the fuse would have to 
possess an It rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 


CROWBAR SCR SELECTION GUIDE 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


2N6400 Series 164 | 160A | 10220 Plastic 
2N6504 Series 254 | 160A |} T0220 Plastic 
2N1842 Series 164 | 125A Metal Stud 
2N2573 Series 254 | 260A | Metal TO-3 Type 
2N681 Series 25A 200A Metal Stud 
MCR3935-1 Series} 35A 350A Metal Stud 
MCR81-5 Series | 80A | 1900A Metal Stud 
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POWER SUPPLY SUPERVISORY/OVER-UNDER-VOLTAGE 
PROTECTION CIRCUIT 


POWER SUPPLY SUPERVISORY/ 


The MC3425 is a power supply supervisory circuit containing 


all the necessary functions required to monitor over- and under- OVER-UNDER-VOLTAGE 
voltage fault conditions. These integrated circuits contain dedi- PROTECTION CIRCUIT 
cated over- and under-voltage sensing channels with indepen- 

dently programmable time delays. The over-voltage channel has SILICON MONOLITHIC 

a high current Drive Output for use in conjunction with an external INTEGRATED CIRCUIT 


SCR “Crowbar” for shutdown. The under-voltage channel input 
comparator has hysteresis which is externally programmable, and 
an open-collector output for fault indication. 


Dedicated Over- And Under-Voltage Sensing 
Programmable Hysteresis Of Under-Voltage Comparator 
Internal 2.5 V Reference 

300 mA Over-Voltage Drive Output 


30 mA Under-Voltage Indicator Output 
Programmable Time Delays 
4.5 V to 40 V Operation 


MAXIMUM RATINGS P1 SUFFIX 
Rating Symbol Value i PEASTIC RACKAGE 
Power Supply Voltage [ Vcc [ 40 ere 
Comparator Input Voltage Range (Note 1} Ay, VIR faa 0.3 to +40 
Drive Output Short-Circuit Current los(DRV) | ‘Internally 
Limited 
indicator Output Voltage i VIND i 0 to 40 
Indicator Output Sink Current IIND 30 
ed ee a PIN CONNECTIONS 
Thermal Resistance Junction to Air | Raa | 80 °C/W 4 
Operating Junction Temperature Ty + 150 °C 
Operating Ambient Temperature Range Ta Oto +70 °C | O.V. DRV 
Storage Temperature Range [ Tstg | -55to +150} °C 1 Output 


NOTE: (1) The input signal voltage should not be allowed to go negative by more than 300 mV or 
positive by more than 40 V, independent of Vcc, without device destruction. 


TYPICAL APPLICATION 


Over-Voltage Crowbar Protection, Under-Voltage Indication 


(Top View) 


6 Under-Voltage 
indication 


ORDERING INFORMATION 
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ELECTRICAL CHARACTERISTICS (4.5 V<Vcc<40 V; Ta = Tiow to Thigh [see Note 2] unless otherwise specified.) 


L Characteristic a Symbol | Min Typ Max i Unit | 
REFERENCE SECTION 
7 _ 
Sense Trip Voltage (Reference Voltage) | VSense “| Vde 
Vcc = 15V 
Ta = 25°C 2.4 25 2.6 
L Tiow to Thigh (Note 2) 2.33 | 250 | 2.63 | 
Line Regulation of Vsense Redline — 7.0 15 mV 
45V= Vcc = 40 V; Ty = 25°C 
———— ee — SS 
Power Supply Voltage Operating Range Vcc 45 — 40 Vde 
p—=—rrrroeee eee eH 
Power Supply Current 
Vcc = 40 V; Ta = 25°C; No Output Loads 
O.V. Sense (Pin 3) = OV; ICC\off) _ 8.5 10 mA 
U.V. Sense (Pin 4) = Vcc | | | | | 
O.V. Sense (Pin 3) = Vcc: IcC(on) — 16.5 19 mA 
L U.V. Sense (Pin 4) = OV i t | | 
INPUT SECTION 
Input Bias Current, O.V. and U.V. Sense lig he ee {1.0 | 2.0 | uA 
Hysteresis Activation Voltage, U.V. Sense VH(act) V 
Vec = 15V; Ta = 25°C; 
IH = 10% | = 0.6 = 
Iq = 90% | a = i 08 = | 
| 4 
Hysteresis Current, U.V. Sense IH | 9.0 12:5 16 LA 
Voc = 15 V; Ta = 25°C; ULV. Sense (Pin 4) = 2.5 V i" i { i 
| 
Delay Pin Voltage (IpLy - 0 mA) ' Vv 
Low State VOL(DLY) ~ 02 j O05 
High State | VOHI(DLY} Vec-0.5 peg Os _ | | 
Delay Pin Source Current | IDLY{source) 140 200 260 A 
| Vcc = 18V: Vpty OV : | | L i | 
Delay Pin Sink Current IDLY {sink} 18 | 3.0 — mA 
Vcc = 18V: Vprty 2.5V man — ete Agee Gente a ope Ea 
OUTPUT SECTION ; —_ — - : 
Drive Output Peak Current (Ta 25 C) _ IDRVipeak) | 200 | 300 | — mA 
r = —--——-- ~-+ +—~- ~ —~ rie —_ + 
Drive Output Voltage H VoHipRv) {| Vec-2.5 ; Vec-2.0 — Vv 
IpRV = 100mA; Ta > 25C i } i { 
= i ide a — —-— oe ~ 
Drive Output Leakage Current | IDRVUeak) ~- 15 200 nA 
Vorv_= OV 7 co So. 7 24) 7 li | | 
Drive Output Current Slew Rate (Ta 25 C) _ a di dt eae em 2.0 L — | A. ps 
Drive Output Vcc Transient Rejection | IDRVitrans) | — 1.0 _ mA 
Vcc ~ OVto 15 Vat dVdt - 200 Vus; | | {Peak) 
O.V. Sense (Pin 3) = OV; Ta = 25C 4 | L | 
r a - ee a: : = 
Indicator Output Saturation Voltage VINDisat) | — 560 800 mV 
IND = 30 mA; Ta = 25°C | | | 
Indicator Output Leakage Current | lIND(teak) ~— 25 200 nA 
VOH(IND) = 40 V = ie Te nits im nih. | 
Output Comparator Threshold Voltage Vth(OC) 2.33 2.5 2.63 V 
(Note 3) =7I oe } See ee) 
Propagation Delay Time 
(Vcc = 15 V; Ta = 25°C) 
Input to Drive Output or Indicator Output tPLH(IN/OUT) — 1.7 — us 
100 mV Overdrive, Cp_y = 0 uF L i | J 
Input to Delay [ tPLH(IN/DLY) ~~ 700 _~ ns 
2.5 V Overdrive (0 V to 5.0 V Step) 
NOTES: 
(2) Tlow - O°C Thi + 70°C 


h 
(3) The Vep(Oc) limits are approximately the VSense limits over the applicable temperature range. 
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FIGURE 1 — HYSTERESIS CURRENT versus FIGURE 2 — HYSTERESIS ACTIVATION VOLTAGE 
HYSTERESIS ACTIVATION VOLTAGE versus TEMPERATURE 


VH(act) = Voltage Level 
at which Hystersis 
Current (I) is 90% 

_ of full value. 


£) 
' es ee re 
ELA 


t 
4 


mam ene 
| {| 
wie). 
ia 
if 
I] 
I] 


Iq, HYSTERESIS CURRENT (A) 


Viv{act). HYSTERESIS ACTIVATION VOLTAGE (Vj 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 16 


Vuiact)- HYSTERESIS ACTIVATION VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C) 
FIGURE 3 — HYSTERESIS CURRENT FIGURE 4 — SENSE TRIP VOLTAGE CHANGE 
versus TEMPERATURE versus TEMPERATURE 


VSense’ = 24004 Vsense’ = 2.500V Vsenge’ = 2.600 V 


UV. Sense = 2.5 V 


iq. HYSTERESIS CURRENT (A) 


-25 0 25 50 75 100-125 
Ta. AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 5 — OUTPUT DELAY TIME versus FIGURE 6 — DELAY PIN SOURCE CURRENT 
DELAY CAPACITANCE versus TEMPERATURE 
100 _ 260 
Veco =15V <= 
=z Ta = 25°C = 
@ 10 & 240 
ka c 
= a = 
= us 
ao = 220 
a a 
= 2 
= 0.1 > 200 
S % 
= a 
0.001 (— & 160 
0.0001 0.001 0.01 0.1 1.0 10.0 -55 -25 0 +25 +50 +75 #100 +125 


Cory. DELAY PIN CAPACITANCE (,F} Ty, AMBIENT TEMPERATURE (°C) 
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VoH(DRV). ORIVE OUTPUT SATURATION VOLTAGE (V) 


VoH(DRy). ORIVE OUTPUT SATURATION VOLTAGE (V) 


MC3425 


FIGURE 7 — DRIVE OUTPUT SATURATION VOLTAGE 
versus OUTPUT PEAK CURRENT 


0 100 200 300 400 


IDRV(peak). ORIVE OUTPUT PEAK CURRENT (mA) 


FIGURE 9 — DRIVE OUTPUT SATURATION VOLTAGE 
versus TEMPERATURE 


Vec = 15 V 


IDRV(peak) = 200 mA 
1.0% Duty Cycle @ 300 Hz 


Tg. AMBIENT TEMPERATURE (°C} 


VinO(sat). INDICATOR OUTPUT SATURATION VOLTAGE (V} 


lec. POWER SUPPLY CURRENT (mA} 


FIGURE 8 — INDICATOR OUTPUT SATURATION 
VOLTAGE versus OUTPUT SINK CURRENT 
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JIN LEI 
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lip. INDICATOR OUTPUT SINK CURRENT (mAj 


FIGURE 10 — POWER SUPPLY CURRENT 


versus VOLTAGE 


eo 


0 5.0 10 15 20 25 30 
Vcc. POWER SUPPLY VOLTAGE (V) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-130 


EECSERRRENE 
PTET TTT Ty 


MC3425 


APPLICATIONS INFORMATION 


FIGURE 11 — OVERVOLTAGE PROTECTION AND 
UNDER VOLTAGE FAULT INDICATION WITH 
PROGRAMMABLE DELAY 


+Vo 


\ 
ULV. Fault 
{ndicator 


Power 
Supply 
4.5 to 40 V 


DLY Gnd DLY 


Gnd 
: R1B R2B RIA 
ULV. Hysteresis = ‘yy Pereencers VOitrip) -~ 25V ( 1- aa 


toLy = 12500 Cory 


FIGURE 13 — OVERVOLTAGE AUDIO ALARM CIRCUIT 
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FIGURE 12 — OVERVOLTAGE PROTECTION OF 5.0 V 
SUPPLY WITH LINE LOSS DETECTOR 


Vo = 5.0V 
Vin : Vottrip) = 6.25 V 


Line Loss 
Output 


0. ON. 


Vv. 
Sense DRV 
OV. UV. 
DLY Gnd DLY 


U.V. Sense 
Pin 4 f-¥-¥-4-- fh 259 


Input Signal 5.0 uF Iz st 
iw O ) Output Pulse When 
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UN. OV. 
DLY Gnd DLY 
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CIRCUIT DESCRIPTION 


The MC3425 is a power supply supervisory circuit 
containing all the necessary functions required to 
monitor over- and under-voltage fault conditions. The 
block diagram is shown below in Figure 15. The Over- 
Voltage (O.V.) and Under-Voltage (U.V.) Input Com- 
parators are both referenced to an internal 2.5 V reg- 
ulator. The U.V. Input Comparator has a feedback ac- 
tivated 12.5 wA current sink (ly) which is used for 
programming the input hysteresis voltage (Vy). The 
source resistance feeding this input (Ry) determines 
the amount of hysteresis voltage by Vy = IHRH 
12.5 x 10-6 Ry. 

Separate Delay pins (O.V. DLY, U.V. DLY) are provided 
for each channel to independently delay the Drive and 
Indicator outputs, thus providing greater input noise im- 
munity. The two Delay pins are essentially the outputs of 
the respective input comparators, and provide a constant 
current source, IDLY(source). of typically 200 1A when the 
non-inverting input voltage is greater than the inverting 
input level. A capacitor connected from these Delay pins 
to ground, will establish a predictable delay time (tp, y) 
for the Drive and Indicator outputs. The Delay pins are in- 
ternally connected to the non-inverting inputs of theO V 
and U.V. Output Comparators, which are referenced to 
the internal 2.5 V regulator. Therefore, delay time (tpt y) 


is based on the constant current source, IDLY(source)- 
charging the external delay capacitor (Cp_y) to 2.5 volts. 


, _ Vref CDLY — 2-5 CDLY 
OEY 200 pA 


= 12500 CpLy 
IDLY(source) 


Figure 5 provides Cp_y values for a wide range of time 
delays. The Delay pins are pulled low when the respective 
input comparator’s non-inverting input is less than the 
inverting input. The sink current, IDLY(sink), Capability 
of the Delay pins is => 1.8 mA and is much greater than 
the typical 200 wA source current, thus enabling a rela- 
tively fast delay capacitor discharge time. 

The Over-Voltage Drive Output is a current-limited 
emitter-follower capable of sourcing 300 mA at aturn-on 
slew rate of 2.0 A/us, ideal for driving ‘‘Crowbar’’ SCR’s. 
The Under-Voltage Indicator Output is an open-collector, 
NPN transistor, capable of sinking 30 mA to provide suf- 
ficient drive for LED's, small relays or shut-down circultry. 
These current capabilities apply to both channels operat- 
Ing simultaneously, providing device power dissipation 
limits are not exceeded. 

The MC3425 has an internal 2.5 V bandgap reference 
regulator with an accuracy of + 4.0% for the basic de- 
vices and + 1.0% for the A-suffix device types at 25°C. 
The reference has a typical temperature coefficient of 
30 ppm/°C for A-suffix devices. 


FIGURE 15 — BLOCK DIAGRAM 


INPUT SECTION 


Note: All voltages and currents are nominal 


DLY DLY 


l 
| 
i 


Reference 
Regulator 


OUTPUT SECTION 
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MC3425 


CROWBAR SCR CONSIDERATIONS 


Referring to Figure 16, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Coyt. This capacitance 
consists of the power supply output capacitors, the load’s 
decoupling capacitors, and in the case of Figure 16A, the 
supply’s input filter capacitors. This Surge current is illus- 
trated in Figure 17, and can cause SCR failure or degra- 
dation by any one of three mechanisms: di/dt, absolute 
peak surge, or |2t. The interrelationship of these failure 
methods and the breadth of the applications make speci- 
fication of the SCR by the semiconductor manufacturer 
difficult and expensive. Therefore, the designer must 
empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCR’s di/dt and surge capabilities simplifies this task. 


1. di/dt 

As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very Small region and gradually spreading. 
Since the anode current flows through this turned-on 


gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
({di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities — depending on the severity of the 
occasion. 

The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type, and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast <1.0 us rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRs of less than 50 A(RMS) rating might be 
200 A/us, assuming a gate current of five times IGT 
and< 1.0 yusrise time. If having done this, a di/dt prob- 
lem is seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc- 
tance in series with the SCR, as shown in Figure 18. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 


FIGURE 16 — TYPICAL CROWBAR CIRCUIT CONFIGURATIONS 


16A — SCR ACROSS INPUT OF REGULATOR 


Series 
Regulator 


MC3425 


*Needed if supply is not current limited 
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FIGURE 17 — CROWBAR SCR SURGE CURRENT 
WAVEFORM 


Surge Due to 
Output Capacitor 


Current Limited 
Supply Output 


2. Surge Current 


If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device 
overheating will result. The surge capability of the SCR 
is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
— see Figure 18} to a safe level which is consistent 
with the system's requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 
This may result in the average current capability of the 
SCR exceeding the steady state current requirements 
imposed by the dc power supply. 


FIGURE 18 — CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 


Riead Ltead 


To 
MC3425 


R & L EMPIRICALLY DETERMINED 
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A WORD ABOUT FUSING 


Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Referring back to 
Figure 16A, it wil] be seen that a fuse is necessary if the 
power Supply to be protected is not output current limited. 
This fuse is not meant to prevent SCR failure but rather 
to prevent a fire! 


In order to protect the SCR, the fuse would have to 
possess an /2t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
Normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 


The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be retied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
168. 


CROWBAR SCR SELECTION GUIDE 


As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


| bevice | trams | iesm| PACKAGE | 


MCR67 Series 
MCR68 Series 
2N1842 Series 
2N6400 Series 


2N6504 Series 
2N681 Series 

2N2573 Series 
MCR69 Series 
MCR70O Series 
MCR71 Series 


Metal Stud 
TO-220 Plastic 
Metal Stud 
TO-220 Plastic 
TO-220 Plastic 
Metal Stud 
TO-3 Metal Can 
TO-220 Plastic 
Metal Stud 
Metal Stud 


For a complete and detailed treatment of SCR and fuse selection 


refer to Motorola Application Note AN789. 
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TECHNICAL DATA 


THREE-TERMINAL POSITIVE VOLTAGE REGULATORS 


These voltage regulators are monolithic integrated circuits de- 
signed as fixed-voltage regulators for a wide variety of applications 
including local, on-card regulation. These regulators employ internal 
current limiting, thermal shutdown, and safe-area compensation. 
With adequate heatsinking they can deliver output currents in excess 
of 1.0 ampere. Although designed primarily as a fixed voltage regu- 
lator, these devices can be used with external components to obtain 
adjustable voltages and currents. 

@ Output Current in Excess of 1.0 Ampere 

@ No External Components Required 

@ internat Thermal Overload Protection 

@ Internal Short-Circuit Current Limiting 

@ Output Transistor Safe-Area Compensation 

@ Output Voltage Offered in 2% and 4% Tolerance 


3.3 k 
2.7 k 
500 


REPRESENTATIVE 
SCHEMATIC DIAGRAM 


ORDERING INFORMATION 


Output Voltage Tested Operating 
Tolerance Junction Temp. Range 


MC78XXK 4% -55 to + 150°C 
MC78XXAK* 2% 
MC78XXCK 4% 
MC78XXACK* 2% 
MC78XXCT 4% 

MC78XXACT 2% 

MC78XXBT 


*2% regulators in Metal Power packages are available in 5, 12 and 15 volt devices. 


Metal 
Power 


Oto +125°C 


Plastic 
Power 


MC7800 
Series 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


K SUFFIX 
METAL PACKAGE 


1 2 
© © 


Input Output 


(Bottom View) 


Pins 1 and 2 electrically isolated from case. Case 
is third electrical connection 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


PIN 1. INPUT 
2. GROUND 
3. OUTPUT 


(Heatsink 
surface connected 
to Pin 2.) 


MC78XX 


A common ground 3s required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the out- 
Put voitage even during the low point on the 
input ripple voltage. 


XX = these two digits of the type number indi- 
cate voltage. 


* =Cin 18 required if regulator is located an 
appreciable distance from power supply 
filter. 


** =Co is not needed for stability; however, 
it does improve transient response. 


XX indicates nominal voltage 


TYPE NO./VOLTAGE 


MC7805 5.0 Volts MC7812 12 Volts 
MC7806 6.0 Volts MC7815 15 Volts 
MC7808 8.0 Volts MC7818 18 Volts 


MC7809 9.0 Volts MC7824 24 Volts 
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MC7800 Series 


MAXIMUM RATINGS (T, = + 25°C unless otherwise noted.) 


Rating 


Input Voltage (5.0 V — 18 V) 
(24 V) 


Power Dissipation and Thermal Characteristics 
Plastic Package 
Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
Tc = +25°C 
Derate above Tc = +75°C (See Figure 1) 
Thermal Resistance, Junction to Case 
Metal Package 
Ta = +25°C 
Derate above Ta = +25°C 
Thermal Resistance, Junction to Air 
Tce = +25°C 
Derate above Tc = +65°C (See Figure 2) 
Therma! Resistance, Junction to Case 


Storage Junction Temperature Range 


Operating Junction Temperature Range 
MC7800,A 
MC7800C,AC 
MC7800B 


Pp Internally Limited | Watts 
TOA 15.4 mWw/Cc 
BJA 65 °C/W 
Pp Internally Limited | Watts 
Vé5C 200 mwC 


5.0 


Internally Limited 
22.5 
45 


Internally Limited 
182 
5.5 


~65 to +150 


~55 to +150 
0 to +150 
~40 to + 150 


DEFINITIONS 


Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the aver- 
age chip temperature is not significantly affected 


Load Regulation — The change in output voltage for a change in 
load current at constant chip temperature 


Maximum Power Dissipation — The maximum total device dissi- 
pation for which the regulator will operate within specifications 


eke———— 


Quiescent Current — That part of the input current that is not 
delivered to the load 


Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre- 
quency range. 

Long Term Stability — Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in 
the devices’ electrical characteristics and maximum power 
dissipation 
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MC7800 Series 


MC7805, B, C 


ELECTRICAL CHARACTERISTICS (v,,, = 10 V, Ig = 500 MA, Ty = Tig to Thigh [Note 1] unless otherwise noted). 


Characteristic Symbol MC7805 , MC7806B Unit 
Output Voltage (Ty = +25°C) Vo Vde 
Output Voltage Vo Vde 
(5.0 MA< Ig < 1.0A, Po < 15 W) 
7.0 Vde < Vin < 20 Vde 
8.0 Vdc < Vip, < 20 Vde 
Line Regulation (Ty = +25°C, Note 2) Regine mV 
7.0 Vde < Vin < 25 Vde 
8.0 Vdc < Vi, < 12 Vde 
Load Regulation (Ty = +25°C, Note 2) Regioad mV 


SOmA<IQ<15A 
250 mA < Ip < 750 mA 


Quiescent Current Change MB mA 
7.0 Vde = Vin < 25 Vde _ - -_ - _ = = = 1.3 
8.0 Vdc < Viq < 25 Vde 
5OmMA<I9< 104 


Ripple Rejection 


8.0 Vde-~ Viq< 18 Vdc, f= 120 Hz 4 t 
[ Dropout Vottage {Ig = 1.0 A, Ty = #25°C) Vin- Vo - 2.0 25 — 2.0 + — - 2.0 — | vde 
Output Noise Voltage (Ta = +25°C) Va _ 10 40 _ 10 — _ 10 ines uv/ 
10 Hz +: f< 100 kHz Vo 
Output Resistance f = 1.0 kHz Oo _ 17 — _ 17 _ — 17 —_ mn 
Short-Circuit Current Limit (Ta = +25°C) I5¢ mH 0.2 12 a 0.2 ~ al 02 = A 
_ Vin = 35 Vde 
Peak Output Current (Ty = +25°C) Imax 13 2.5 3.3 = 2.2 | = = 22 a A 
Average Temperature Coefficient of TCVO — +0.6 — _ -1.1 — _ -1.4 = mvV/ 
Output Voitage L °C 
MC7805A, AC 
: ELECTRICAL CHARACTERISTICS (v,,, = 10 V.lo=4 OA. Ty = Tlow ' Thigh [Note 1] unless otherwise noted) 
Coe MC7805A MC780SAC ; 
———___}— 
Characteristics Symbol Typ Max Min [Tp a} Max Unit 
{ Output Voltage (Ty = +25°C) | Vo 50 5.1 | 49 5.0 5.1 Vdc 
Output Voltage Vo [ i Vde 
(5OmA< Ig <1.0A. PQ < 15 W) 5.0 5.2 48 5.0 5.2 
7.5 Vde < Vin < 20 Vde | | | | | 
Line Regulation (Note 2) Regline mv 
7.5 Vde & Vig < 25 Vdc. Ig = 500 mA 2.0 10 = 70 50 
8.0 Vde © Vin < 12 Vde 3.0 10 7 10 50 
B.0 Vde < Vig < 12 Vde, Ty = +25°C 1.0 40 _ 2.0 25 
7.3 Vde < Vin < 20 Vdc, Ty = +25°C | 2.0 10 _ 7.0 50 4 
Load Regulation (Note 2) Regioad | mv 
5.0mA< ig < 1.5 A, Ty= +25°C 2.0 25 _ 25 100 
5OmMA<IQ<10A 2.0 25 _ 25 100 
250 mA < Ig < 750MA, Ty = +25°C 1.0 15 — _ = 
250 mA < Ig < 750 mA 10 25 = 80 50 | 
Quiescent Current Ip _ 5.0 — oa 60 mA 
Ty = +25°C 3.2 40 _ {— 43 6.0 l J 
Quiescent Current Change Alg mA 
8.0 Vde = Vin & 25 Vdc, Ig = 500 mA 03 05 _— - 08 
7.5 Vde < Vig < 20 Vdc, Ty = +25°C 0.2 05 ss S 08 
5OMA<IQD<10A 0.04 0.2 =e is _ 05 
Ripple Rejection RR | dB 
8.0 Vde < Vin S 18 Vdc, t = 120 Hz, 
Ty = +25°C 68 75 _ = a = 
8.0 Vdc < Vin < 18 Vdc, f = 120 Hz, 


+ 


Ig = 500 mA 68 75 = - 68 = 
Dropout Voltage (Ig = 1.0 A, Ty = +25°C) Vin-Vo | — | 20 25 ~ 20 | -— | Vae 


Output Noise Voltage (Ta = +25°C) Vn _ 10 40 - 10 — uV/Vo 
10 Hz< f< 100 kHz 


Output Resistance (f = 1.0 kHz) ro _ 2.0 — -_ 17 — mi) 
Short-Circuit Current Limit (Ta = +25°C) Isc - 0.2 1.2 - 0.2 - A 
Vin = 35 Vde 
Peak Output Current (Ty = +25°C) \max 1.3 2.5 3.3 — 2.2 _ A 
Average Temperature Coefficient of Output Voltage TCVo _ +0.6 = - -1.1 - mvV/°C 
NOTES: 1. Tiow = -55°C for MC78XX, A Thigh = +150°C for MC78XX, A 
= 0° for MC78XXC, AC = +125°C for MC78XXC, AC, B 


= -40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


MC7806, B, C 


ELECTRICAL CHARACTERISTICS (Vj, = 11 V. !g = 500 mA, Ty = Tiow to Thigh (Note 1] unless otherwise noted). 


MC7806AC 


ELECTRICAL CHARACTERISTICS (Vj, = 11 V, Io = 1.0A, Ty = Tiow to Thigh [Note 1} unless otherwise noted). 


Characteristics 


Output Voltage (Ty = +25°C) 


Output Voltage 


Symbol 


Vo 


Min 
5.88 


MC7806 MC7806B MC7806C : 
Characteristic Symbol " T ae | Unit 
| Min | Typ | Max | Min Typ | Max | Min | Typ | Max 
; Output Voltage (Ty = +25°C) Vo 5.75 | 6.0 | 6.25 au gu 6.25 sa a Vdc 
Output Voltage Vo Vde 
(5.0 mA < Ig < 1.0A, Pg < 15 W) 
8.0 Vde < Vin < 21 Vde —t[—|~—|—j|}— }|~ j) 57) 60} 63 
<Vi7n x 6 4 ; : A é _ = = 
Sau Vin 2t Vde 5.65 | 6.0 | 6.35 en es 6.3 | + hh ae 
Line Regulation (Ty = +25°C, Note 2) Regiine mV 
8.0 Vdc = Vin < 25 Vde 3.0 | 60 — | 90} 120 | — | 90 | 120 
L 9.0 Vde < Vin = 13 Vde 2.0 | 30 — 4 3.0 | 60 — | 30 | 60 | 
‘ , T | 
Load Regulation (Ty = +25°C, Note 2) Regioad mV 
5.0mA<I9 <= 1.5A 27 100 _ 43 120 _ 43 120 
250 mA < Ig < 750 mA 9.0 | 30 _— 16 60 : _ 16 60 | | 
oe Current (Ty = + 25°C) Ig 3.2 6.0 | — 43 | 80 = “4 8.0 | mA 
Quiescent Current Change Alg mA 
8.0 Vdc < Vin < 25 Vde ~}/—{—]13 
9.0 Vdc < Vin < 25 Vde 0.3 0.8 —_ _ 1.3 —_ _ _ 
5.0mA=1Q9 <= 1.0A 0.04 | 0.5 Se 0.5 _ _ 0.5 | 
Ripple Rejection 73 _ _— 65 _ _ 65 _ dB 
9.0 Vdc = Vin = 19 Vdc, f = 120 Hz ze = 
in | | 4 f L | 
Dropout Voltage (Ig = 1.0A, Ty = + 25°C) 2.0 2.5 _— 2.0 | aes —_ 2.0 — Vdc 
Output Noise Voltage (Ta = + 25°C) 10 40 _ 10 ~ figs 10 — | pV/ 
{| __10 Hz = f < 100 kHz zs Vo 
| Output Resistance f = 1.0 kHz mQ 
Short-Circuit Current Limit (Ta = + 25°C) 
Vin = 35 Vde 
Peak Output Current (Ty = + 25°C) 
Average Temperature Coefficient of 
Output Voltage 


MC7806AC 
Typ 


Unit 


Vdc 


{5.0 MA < Ig < 1.04, PQ = 15 W) 
8.6 Vde = Vin = 21 Vde 
Line Regulation (Note 2) Regiine mV 
8.6 Vde = Vin = 25 Vdc, Iq = 500 mA rag 9.0 60 
9.0 Vde = Vin = 13 Vde re 11 60 
9.0 Vde < Vin = 13 Vde, Ty = +25°C = 3.0 30 
8.3 Vde < Vin < 21 Vde, Ty = +25°C ee 9.0 60 _ 
Load Regulation (Note 2) Regioad i i mV 
5.0 mA < IQ = 1.5A, Ty = +25°C _— 43 100 
5.0mA<Ig <= 1.0A _ 43 100 
250 MA < Ig <= 750 mA, Ty = +25°C = = = 
250 mA < Ig < 750 mA cee nae _| 80 
Quiescent Current ifs} — _— 6.0 mA 
Ty = +25°C So cau 4.3 es 6.0 
Quiescent Current Change Alp mA 
9.0 Vdc < Vin < 25 Vdc, lg = 500 mA _ _ 08 
8.6 Vde = Vin < 21 Vdc, Ty = +25°C — — 0.8 
5.0mA <ig = 1.0A | = = 0.5 
[ Ripple Rejection RR i 
9.0 Vde < Vin < 19 Vdc, f = 120 Hz, Ty = + 25°C — _ _- 
9.0 Vdc < Vin < 19 Vde, f = 120 Hz, Ig = 500 mA _ 65 ‘i _ 
Dropout Voltage (lo = 1.0A, Ty = +25°C) Vin-Vo _ 2.0 — Vde 
Output Noise Voltage (Ta = + 25°C) Vn = 10 1: = uVNoQ 
10 Hz = f < 100 kHz 
Output Resistance (f = 1.0 kHz) ive) — 17 | — mo 
Short-Circuit Current Limit (Ta = + 25°C) Isc —_ 0.2 — A 
Vin = 35 Vde 
Peak Output Current (Ty = + 25°C) Imax [ = 2.2 — A 
| Average Temperature Coefficient of Output Voltage TCVO — ~0.8 ig _ mV/°C 


NOTES: 1, Tiow ~ 55°C for MC78XX 
= 0° for MC78XXC, AC 


— 40°C for MC78XXB 


= Thigh = 


+ 150°C for MC78XX 
+ 125°C for MC78XXC, AC, B 


2. Load and fine regutation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 


MC7808, B, C 
ELECTRICAL CHARACTERISTICS (Vin = 14 V, Iq = 500 MA, Ty = Tiow to Thigh [Note 1] unless otherwise noted). 
hdr Se lociat ee ee MC7808 MC7808B MC7808C 
jaracteristic m 
: Min | Typ [Max | Min | Typ | Max | 
Output Voltage (Ty = +25°C) Vo 77 | 80 | 83 | 7.7 | 80 | 83 | vac | 
Output Voltage Vo Vde 
(5.0 MA < 1g < 1.0A, Po < 15 W) 
10.5 Vde < Vin < 23 Vde —|—j|— 176] 80] 84 
11.5 Vde < Vin < 23 Vde 76} 80/84/—j,—] — 
Line Regulation (Ty = + 25°C, Note 2) Regline mV 
10.5 Vde < Vin < 25 Vde — | 12 | 160 | — | 12 | 160 
11 Vde < Vin < 17 Vde — | 5.0} 80] — | 5.0} 80 
Load Regulation (Ty = +25°C, Note 2) Regload mV 
5.0mA <I9 < 1.5A _ 45 } 160} — 45 |} 160 
250 MA < Io <= 760 mA ; _ 16 80 —_ 16 80 
; = pes leet 
Quiescent Current (Ty = + 25°C) iT} . 6.0 j 43) 80} — | 43 | 80 
ica 
Quiescent Current Change Alg — [| mA 
10.5 Vde < Vin < 25 Vde eee ees eee ee ‘ 
11.5 Vdc < Vin < 25 Vde —|—|]to} — 
5.0mMA<Ig <1.0A L os | — —{o5] — 
Ripple Rejection RR _— 62 _ i — dB 
11.5 Vde < Vin < 21.5 Vde, f = 120 Hz 
ae ah 
Dropout Voltage (Io = 1.0A, Ty = +25°C) Vin-Vo — | 20] — _ Vdc 
Output Noise Voltage (Ta = + 25°C) Vn _ | 10 _ _ 10 — | pw 
10 Hz < f < 100 kHz Vo 
ae + 
Output Resistance f = 1.0 kHz 1 ro _ 18 seas 18 — |} m2 
Short-Circuit Current Limit (Ta = + 25°C) Isc — {02); — — | 02; — A 
Vin = 35 Vdc 
es 
Peak Output Current (Ty = + 25°C) imax — |22}) -— — | 22) — A 
Average Temperature Coefficient of TCVo — 1-08; — mvV/ 
Output Voltage °C 
MC7808AC 


Output Voltage 
(5.0 mA < Ig = 1.0 A, Pg < 15 W) 
10.6 Vdc < Vin < 23 Vde 


Line Regulation (Note 2) 
10.6 Vde < Vin. < 25 Vdc, Ig = 500 mA 
11 Vde < Vin <= 17 Vde 

11 Vde < Vin = 17 Vde, Ty = +25°C 
10.4 Vde < Vin < 23 Vde, Ty = +25°C 


Load Regulation (Note 2) 


5.0mA < 19 < 1.5A,Ty = +25°C 

5.0mA <1g <1.0A — 45 100 

250 mA < Ig = 750 mA, Ty = + 25°C _ = = 

250 mA < Ig < 750 mA { — 16 50 at. 4 
Quiescent Current {iB _ _ i 6.0 mA 

Ty = +25°C [ = 43 6.0 

+— +— nr 

Quiescent Current Change Alg mA | 

11 Vde = Vin < 25 Vde, Io = 500 mA — _ 0.8 

10.6 Vde < Vin = 23 Vdc, Ty = +25°C — — 0.8 

5.0mA <Ig <1.0A - = | 05 | | 
Ripple Rejection RR | dB 

11.5 Vde = Vin = 21.5 Vde, f = 120 Hz, Ty = +25°C _ _ — 

11.5 Vde < Vin < 21.5 Vde, f = 120 Hz, Ig = 500 mA 1 ees 62 a | 

+ + 

Dropout Voltage (Ig = 1.0 A, Ty = + 25°C) Vin-Vo | _ 2.0 _ Vdc _ 
Output Noise Voitage (Ta = + 25°C) Vn _ 10 — uVNQ 

10 Hz < f < 100 kHz 
Output Resistance (f = 1.0 kHz) ive) _— { 18 ‘e _ moa 7 
Short-Circuit Current Limit (Ta = + 25°C) Isc T _ 0.2 = A 

Vin = 35 Vde | | | Ih 
Peak Output Current (Ty = + 25°C) Imax | _ L 2.2 = A 
Average Temperature Coefficient of Output Voltage TRVo | _ -08 | —_ mvc 

NOTES: 1. Tiow = ~55°C for MC78XX Thigh = + 150°C for MC78XXx 
= O° for MC78XXC, AC = +125°C for MC78XXC, AC, B 


— 40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with iow duty cycle is used. 
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MC7800 Series 


MC7809CT 


ELECTRICAL CHARACTERISTICS (Vj, = 15 V, lo = 500 mA, Ty = 0°C to + 125°C unless otherwise noted). 


Characteristic 


Output Voltage (Ty = +25°C) 


Output Voltage 
(5.0mA slo 
11.5 Vde < Vin 


0A, Po < 15 W) 
24 Vde 


1 
< 


MC7809CT 


Line Regulation (Ty = 
11.5 Vde < Vin < 26 
11.5 Vde < Vin < 17 


Load Regulation (Ty = +25°C, Note 1) 
5.0mA<IQ9 <1.5A 
250 mA < Ig = 750 mA 


+ 25°C, Note 1) 


Quiescent Current (Ty = + 25°C) IB 
Quiescent Current Change Alg 
11.5 Vde < Vin < 26 Vdc 
5.0mA<|l9 <1.0A 
Ripple Rejection RR 


11.5 Vde < Vin = 21.5 Vde, f = 120 Hz 


Dropout Voltage (Ig = 1.0A, Ty = +25°C) -Vo _ 2.0 _ 
Output Noise Voltage (Ta = +25°C) Va _ 10 — 
10 Hz < f < 100 kHz 
Output Resistance f = 1.0 kHz ie) _ 18 
Short-Circuit Current Limit (Ta = +25°C) Isc _ 0.2 
Vin = 35 Vde 
Peak Output Current (Ty = +25°C) ee ee es 
Average Temperature Coefficient of Output Voltage TCVo _ —1.0 


A 
mvV/°C 


NOTE 1: Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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DEVICES 


MC7800 Series 


MC7812, B,C 
ELECTRICAL CHARACTERISTICS (V,, = 19 V, Ig = 500 MA, T) = Tig, to Thigh [Note 1] untess otherwise noted). 


MC7812B MC7812C 
Max Min Typ Max Min Typ Max 


12.5 11.5 12 12.5 115 12 12.5 


Characteristic Symbol 


Output Voltage (Ty = +25°C) Vo 

Output Voltage Vo 
(5.0MA<IQg<10A.P9< 15 W) 
14.5 Vde < Vi, < 27 Vde 
15.5 Vde < Vi_ < 27 Vie 

Line Regulation (Ty = +25°C, Note 2) Regiine 
14.5 Vdc < Vi, < 30 Vde 
16 Vde < Vin < 22 Vde 

Load Regulation (T) = +25°C, Note 2) ReQioad 
5OMA<IQ9<1.5A 
250 mMA< Ip < 750 mA \ 

Quiescent Current (Ty = +25°C) 


= a _ — 114 12 12.6 


Quiescent Current Change Alp 
14.6 Vde < Vin < 30 Vde 
15 Vde < Vi, < 30 Vde 
5OMA<IQO<10A 

Ripple Rejection RR 

15 Vde < Vi, < 25 Vdc, f= 120 Hz 


cae 
Oropout Voltage (lg = 10 A, Ty = +25°C) [ Vin- Vo 
a 


Output Noise Voltage (Ta = +25°C) 
10 Hz<{< 100 kHz 


Output Resistance f = 10 kHz ro 


A 
| 
1 
r 
} 

+ 


Short-Circuit Current Lirnit (Ta = +25°C) 
Vin = 35 Vde 


+ + aa + 
Peak Output Current (Ty = +25°C) Imax 13 2.5 33 ms [ 22 - _ a2 2 


Average Temperature Coefficient of TCV9 _ +15 


a0] — = -10 = 

Output Voitage ; ane | 1 
MC7812A, AC 
ELECTRICAL CHARACTERISTICS IV, = 19 V. 19 = 1 0A, Ty = Tlow to Thigh [Note 1] uniess otherwise noted) 


MG7812A “MC7812AC. 


Characteristics | Symbol = > ——aqy, 


Output Voltage (Ty = +25°C) Vo._'|_ 1175 
| Output Voltage Vo 
(5.0 mA lg 10A,PQ~ 15 W) 11.5 
L. 148 Vdess Vin 27Vde a | | 
Line Regulation (Note 2) ReGiine 
14.8 Vde < Vp * 30 Vdc. Ig = S00 mA _ 
16 Vde «© Viq Ss 22 Vde 
16 Vde < Vin < 22 Vdc, Ty = +25°C a 
14.5 Vde < Vip < 27 Vde, Ty = +25°C - 
Load Regulation (Note 2) { ReGioad mV 
5OmA< 19 <15A,Ty= +25°C - 2.0 25 _ 46 100 
5OmA<1I9<1.0A _ 2.0 25 _ 46 100 
250 MA< !g < 750mA, Ty = +25°C _ 1.0 16 — = = 
[ 250 mA < Ig < 750 mA = 1.0 25 - 17 50 


{ } 

Quiescent Current y 'g _— - 50 - - 60 mA 
Ty = +26°C _ 3.4 40 _ 44 60 
Quiescent Current Change Alg mA 
15 Vdc < Viy < 30 Vde. tg = 500 mA = 03 0.5 _ - 08 
14.8 Vdc < Vin < 27 Vde, Ty = +25°C - 0.2 0.5 = -- 0.8 
5OmMA<!I9 <10A ae 0.04 0.2 = — 0.5 


Ripple Rejection RR dB 
15 Vdc < Vin < 25 Vde, f = 120 Hz, 
Ty = 25°C 61 68 — - — _ 
15 Vdc < Vin < 25 Vdc, f = 120 Hz, 
Iq = 500 mA L 61 68 - - 60 _ 
Dropout Voltage (Ig = 1.0 A, Ty = +25°C) Vin- Vo _ 2.0 2.5 - 2.0 — Vde 
Output Noise Voltage (Tg = +25°C} Vn — 10 40 _ 10 — uV/Vo 
10 Hz< f< 100 kHz 


Output Resistance (f = 1.0 kHz) ro —_ 2.0 - — 18 —_ mo 
Short-Circuit Current Limit (Ta = +25°C) leg = 0.2 1.2 _ 02 — A 
Vin = 35 Vde 
Peak Output Current (Ty = +25°C) Imax 1.3 2.5 3.3 _ 2.2 _ A 
Average Temperature Coefficient of Qutput Voltage TCVg _— +15 _— _ -1.0 _— mvV¥/°C 
NOTES: 1. Tigw = -55°C for MC78XX, A Thigh = +150°C for MC78XX, A 
= 0° for MC78XXC. AC = +125°C for MC78XXC, AC, B 


= -40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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MC7815, B, C 
ELECTRICAL CHARACTERISTICS (V,, = 23 V, Ic = 500 MA. Ty = Tow to Thigh [Note 1] unless otherwise noted). 


MC7800 Series 


Characteristic 


MC7815B 


MC7815 


Output Voltage {Ty = +25°C} 


14.4 


MC7815C 


Output Voltage 
(OMA<IQ< 1.04. PQ9< 15 Wi 
17.5 Vde = Vin < 30 Vde 
18.5 Vde < Vi, < 30 Vdc 


Line Regulation (Tj = +25°C, Note 2) 
17.5 Vdc < Vin < 30 Vee 
20 Vde < Vi, < 26 Vde 


Load Regulation (Tj = +25°C, Note 2) 
5OMA<IQg<15A 
250 mA < Io < 750 mA 


Quiescent Current (Ty = +25°C) 


Quiescent Current Change 
17.5 Vde < Vi, < 30 Vde 
18.5 Vde < Vi,q < 30 Vde 
5OmMA<IQ9<10A 


Ripple Rejection 
18.5 Vdc < Vin < 28.5 Vdc, f = 120 Hz 


Dropout Voltage (Ig = 1.0A, Ty = +25°C} 


Output Noise Voltage (Ta = +25°C) 
1OHz< f< 100 kHz 


Output Resistance f = 1.0 kHz 


Short-Circuit Current Limit (Ta = +25°C) 
Vin = 35 Vde 


| 


Peak Output Current (T= +25°C) 


Average Temperature Coefficient of 


i Output Voltage 


Symbol 
Vo 
Vo 

Regline 

Regioad 

'B 


MC7815A, AC 


ELECTRICAL CHARACTERISTICS (Vj, = 23 V. Ig = 1.0 A. Ty = Tow t0 Thigh [Note 1] unless otherwise noted) 


so MC7815A MG7815AC 
Characteristics Symbol Max Min Typ 
Output Voltage (Ty = +25°C) Vo 15.3 14.7 15 
Output Voltage | Vo 
(5.0 MA< Ig < 1.0A. Pg < 15 W) 15.6 14.4 15 
17.9 Vdc < Vin < 30 Vde 
Line Regulation (Note 2) Rediine 
17.9 Vde < Vin < 30 Vde, Ig = 500 mA 22 _ 13 
20 Vdc < Vig < 26 Vde 22 = 16 
20 Vde < Vin < 26 Vde, Ty = +25°C 10 a 6.0 
17.6 Vde < Vig < 30 Vde, Ty = +25°C 22 — 13 
Load Regulation (Note 2) Regioad 
50 mA<1I9<15A, Ty= +25°C 25 -- 52 
SOMA<IQ< 110A 25 os 52 
250 mA < Ig < 750mA, Ty = +25°C 15 — — 
250 mMA<!g< 750 mA 25 — 20 
Quiescent Current I Ip 5.5 = ~ 
Ty = +26°C 4.5 _ 44 
Quiescent Current Change of RY:) 
17.5 Vde < Vin < 30 Vdc, Ig = 500 mA 0.5 _ _ 
17.5 Vde < Vin < 30 Vde, Ty = +25°C 0.5 — _ 
5OmMA<IQ9<1.0A 0.2 _ _ 
Ripple Rejection RR 
18.5 Vde < Vin < 28.5 Vde, f= 120 Hz, 
Ty = +25°C eo = 24 
18.5 Vdc < Vi, < 28.5 Vde, f = 120 Hz. 

Ig = 500 mA — _ 58 
Dropout Voltage (Ig = 1.0 A, Ty = +25°C) Vin - Vo 2.5 _ 2.0 
Output Noise Voitage (Ta = +25°C) Vn 40 _ 10 

10 Hz < f < 100 kHz 
Output Resistance (f = 1.0 kHz) ‘Oo _ _ 19 
Short-Circuit Current Limit (Ta = +25°C) Ig 1.2 = 0.2 
Vin = 35 Vde 
Peak Output Current (Ty = +25°C) Imax 2.5 3.3 — 2.2 
Average Temperature Coefficient of Output Voltage TCVo +1.8 — _ -1.0 


NOTES: 1. Tow = -55°C for MC78XX, A 
= O° for MC78XXC, AC 


= -40°C for MC78XXB 


2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


Thigh = +150°C for MC7BXX, A 
= +125°C for MC78XXC, AC. B 


separately. Pulse testing with tow duty cycle is used. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-142 


MC7800 Series 


MC7818, B, C 
ELECTRICAL CHARACTERISTICS (Vj, = 27 V, 19 = 500 mA, TJ = Tow to Thigh [Note 1} unless otherwise noted). 


1 me MC7818 MC7818B me7eisc | 
mi ni 
is | Min | Typ } Max) Min | Typ | Max | Min | Typ | Max 

18 | 18.7 | Vdc 


Vde 


Characteristic 


Output Voltage (Ty = + 25°C) 


Output Voltage 
(5.0 mA < Ig = 1.0A, Po = 15 W) 
21 Vde <= Vin < 33 Vde 
22 Vde < Vin = 33 Vde 


bo 

Line Regulation (Ty = + 25°C, Note 2) 
21 Vdc = Vin = 33 Vde 
24 Vdc < Vin = 30 Vde 


Load Regulation (Tj = + 25°C, Note 2) 
50mMA<1I9 <= 1.5A 
250 mA = Io = 750 mA 


Quiescent Current (Ty = + 25°C) 


Quiescent Current Change 
21 Vde = Vin = 33 Vde 
22 Vde < Viq < 33 Vde 
50mMA <I9 <= 1.0A 


Ripple Rejection 
22 Vde = Vin < 33 Vdc, f = 120 Hz 


Dropout Voltage (lg = 1.0A, Ty = +25°C) 


Output Noise Voltage (Ta = +25°C} 
10 Hz < f = 100 kHz 


Output Resistance f = 1.0 kHz 


Short-Circuit Current Limit (Ta = +25°C) 
Vin = 35 Vde 


i 
Peak Output Current (Tj = +25°C) 4 iteen — | 22) — — }/22] — A 
= tt + | 
Average Temperature Coefficient of TCVO = $223'| = — |-1.0] — — |-1.0] — | mw 
Output Voltage | L °C 
MC7818AC 
ELECTRICAL CHARACTERISTICS (Vj, = 27 V, Ig = 1.0A. Ty = Tigw to Thigh [Note 1] unless otherwise noted). 
MC7818AC 
Characteristics Symboi Unit 
Min Typ Max 
Output Voltage (Ty = +25°C} Vo 17.64 | 18 18.36 Vde 
Output Voltage Vo Vde 
(5.0 mA < Ig < 1.0A, Po = 15 W) 17.3 18 18.7 
21 Vde < Vin = 33 Vde 
Line Regulation (Note 2) Regtine | mv 
21 Vde < Vin < 33 Vdc, Ig = 500 mA — 25 180 
24 Vde < Vin < 30 Vde — 28 180 
24 Vdc < Vin < 30 Vdc, Ty = +25°C — 10 90 
20.6 Vdc < Vin < 33 Vde, Ty = +25°C _ 25 180 
Load Regulation (Note 2) Regioad mV 
5.0MA < 19 < 1.5A, Ty = +25°C _ 55 100 
5.0mMA <19 <= 1.0A _ 55 100 
250 mA < Ig < 750 mA, Ty = +25°C = = = 
250 mA < Ig < 750 mA _ 22 50 


Quiescent Current IB — 
Ty = +25°C = 
Quiescent Current Change 
21 Vdc < Vin. < 33 Vdc, Ig = 500 mA 
21 Vde < Vin < 33 Vde, Ty = +25°C 
5.0MA<IQ9 <= 10A 


Ripple Rejection 


22 Vde < Vin < 32 Vdc, f = 120 Hz, Ty 


Ss 
22 Vdc < Vin < 32 Vde, f = 120 Hz, lo 


Dropout Voltage (Io = 1.0A, Ty = +25°C) | Vin-Vo. | | 20 | 
| - | 
| - | 


< 
a 
o 


Output Noise Voltage (Ta = + 25°C) Vn 
10 Hz < f < 100 kHz 


Output Resistance (f = 1.0 kHz) ife) 


Short-Circuit Current Limit (Ta = + 25°C) 

Vin = 35 Vde 
Peak Output Current (Ty = + 25°C) |: iriaee | 
Average Temperature Coefficient of Output Voltage TCVo 


NOTES: 1. Tow = —55°C for MC78XX Thigh = + 150°C for MC78XX 
= 0° for MC78XXC, AC + 125°C for MC78XXC, AC, B 
= —40°C for MC78XXB 
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 


BVNO 


3 
~ 


mvV/°C 


Z| 

~ 
coo ino 
awe @ oo 


ott 
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MC7824, B, C 


MC7800 Series 


ELECTRICAL CHARACTERISTICS (Vj, 2 33 V, Io = 500 mA, TJ = Tlow to Thigh [Note 1] unless otherwise noted). 


Output Voltage (Ty = +25°C) 


Output Voltage 
(5.0 mA <I9 
27 Vde < Vin 
28 Vde < Vin 


emetic | samt 
Vo 


< 
— 


"creas | Morec | 
[yp [ Max | a | TP 


Line Regulation (Ty = +25°C, Note 2) 
27 Vdc < Vin = 38 Vdc 
30 Vde < Vin < 36 Vdc 


rem Regulation (Ty = +25°C, Note 2} 


Regline 


Regioad 


5.0mA <IQ9 <1.5A 
250 mA < Ig < 750 mA 


Quiescent Current (Ty = +25°C) 


'B 


Quiescent Current Change 
27 Vde < Vin = 38 Vdc 
Vin < 38 Vde 


< 
Io < 1. 


Alg 


Ripple Rejection 
28 Vdc < Vin = 38 Vdc, f = 120 Hz 


Dropout Voltage (Ig = 1.0A, Ty = + 25°C) 


Output Noise Voltage (Ta = + 25°C) 
| 10 Hz = f = 100 kHz 


Output Resistance f = 1.0 kHz 


| Short-Circuit Current Limit (Ta = + 25°C) 
Vin = 35 Vde 


Peak Output Current (Ty = +25°C) 


Imax 


Average Temperature Coefficient of 
Output Voltage 


MC7824AC 


Characteristics 


Output Voltage (Ty = + 25°C) 


Output Voltage 
(5.0 mA < Ig < 1.0 A, Pg = 15 W) 
27.3 Vdc <= Vin = 38 Vde 


ELECTRICAL CHARACTERISTICS (V;, = 33 V. lo = 1.04, Ty = TigwtoT 


TCVo 


high [Note 1] unless otherwise noted). 


MC7824AC 
Symbol 


ey 


Line Regulation (Note 2) 

27 Vdc < Vin = 38 Vdc, Io = 500 mA 
Vin = 36 Vde 
Vin = 36 Vdc, Ty = +25°C 
<= Vin < 38 Vde, Ty = +25°C 


=S 
= 


Regline 


Load Regulatio 


3 


(Note 2) 

15A,Ty = +25°C 
1.0A 

750 mA, Ty = +25°C 
750 mA 


lo 


A AA 


Regioad 


Quiescent Current 

Ty = +25°C 

[° 

27.3 Vde < Vin < 38 Vde, Ty = + 25°C 

5.0mMA <I9 = 1.0A 

x 120 Hz, Ty = +25°C 

28 Vdc = Vin = 38 Vdc, f 
Dropout Voltage (Igo = 1.0A, Ty = +25°C) 


120 Hz, Ig = 500 mA 


lo 
lo 
uiescent Current Change 
27.3 Vde < Vin = 38 Vdc, Iq = 500 mA 
rane Rejection 
28 Vde < Vin = 38 Vdc, f 
Output Noise Voltage (Ta = + 25°C) 
10 Hz <= f = 100 kHz 


utput Resistance (f = 1.0 kHz) 


Oo 
eer Current Limit (Ta = +25°C) 
Vin = 35 Vde 


Peak Output Current (Ty = + 25°C) 


Average Temperature Coefficient of Output Voltage 


NOTES: 1. Tigw = —55°C for MC78XX 

0° for MC78XXC, AC 
— 40°C for MC78XXB 
2. Load and line regulation are specified at constant 


WoW Wd 


Thigh = + 150°C for MC78XX 
= +125°C for MC78XXC, AC, B 


junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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Pp. POWER DISSIPATION (WATTS) 


Vin-Vg. INPUT-OUTPUT VOLTAGE 


1g. OUTPUT CURRENT (AMPS) 


DIFFERENTIAL (VOLTS) 


MC7800 Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 221A) 


eae nye = 5°07 


Ayn = 65°C/W 
Tytmax) = 150°C 


| 


Ty. AMBIENT TEMPERATURE (°C) 


FIGURE 3 — INPUT OUTPUT DIFFERENTIAL AS A 
FUNCTION OF JUNCTION TEMPERATURE 
(MC78XXC, AC, B) 


3Vg = 2% of Vo 
——-— Extended Curve tor MC78XXB 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 5 — PEAK OUTPUT CURRENT AS A FUNCTION 
OF INPUT-OUTPUT DIFFERENTIAL VOLTAGE 
(MC78XXC, AC, B) 


Vin-Vg. INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


Vin - Vg. INPUT/OUTPUT VOLTAGE 


DIFFERENTIAL (VOLTS) Pp, POWER DISSIPATION (WATTS) 


ip. OUTPUT CURRENT (AMPS) 


FIGURE 2 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 1) 


Ty, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — INPUT OUTPUT DIFFERENTIAL ASA 
FUNCTION OF JUNCTION TEMPERATURE 
(MC78XX, A) 


Tq. AMBIENT TEMPERATURE (°C) 


FIGURE 6 — PEAK OUTPUT CURRENT ASA 
FUNCTION OF INPUT-OUTPUT DIFFERENTIAL 
VOLTAGE (MC78XxX, A) 


Vin-Vg. INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 
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MC7800 Series 


TYPICAL CHARACTERISTICS (continued) 
(Ta = 25°C unless otherwise noted.) 


FIGURE 7 — RIPPLE REJECTION AS A FUNCTION FIGURE 8 — RIPPLE REJECTION AS A FUNCTION 
OF OUTPUT VOLTAGES OF FREQUENCY 
(MC78XXC, AC) (MC78XXC, AC, A) 


pee. ee oe: eT, 
gril nan Noe 


a a 7 A 
3 = IVT LT NT 
: = falas 1 il 
= = 
w wo 
= PART# = Vin = 
z MC7805C 10 V = 
a 
= MC7806C 11 V = 
= MC7808C 14 V = 
« MC7812C 19 V & 
MC7815C 23 V | 
MC7818C 27 V 
MC7824C 33 V 
4.0 6.0 8.0 10 12 14 16 18 20 22 24 10 100 1.0k 10k 100k 
Vp, OUTPUT VOLTAGE (VOLTS) f, FREQUENCY (Hz) 
FIGURE 9 — OUTPUT VOLTAGE AS A FUNCTION FIGURE 10 — OUTPUT IMPEDANCE AS A 
OF JUNCTION TEMPERATURE (MC78XXC, AC, 8} FUNCTION OF OUTPUT VOLTAGE (MC78XXC, AC) 
-——-} ——_ ——_t- —_ fF 
{+} f+ ft J 
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s Z = aaa eR 
= [_ 
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Ty. JUNCTION TEMPEATURE (°C) Vg, OUTPUT VOLTAGE (VOLTS) 
FIGURE 11 — QUIESCENT CURRENT AS A FIGURE 12 — DROPOUT CHARACTERISTICS 
FUNCTION OF TEMPERATURE (MC78XXC, AC, B) (MC78XxX, A) 


ae 
MC7805, A 
Ty = 25°C 


QUTPUT VOLTAGE (VOLTS) 


Ig. QUIESCENT CURRENT (mA) 


0 
0 2.0 40 6.0 8.0 10 12 14 16 
Ty, JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (VOLTS) 
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MC7800 Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC7800 Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir- 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 


In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


FIGURE 13 — CURRENT REGULATOR 


MC7805 


Constant 
Current to 


‘au Grounded Load 


The MC7800_ regulators can aiso be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805SC is chosen in this application. Resistor R determines 
the current as follows: 


lo = ey +1 
O= R a 
IQ = 1.5 MA over line and toad changes 
For example, a 1-ampere current source would require R to be a 


5-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 


FIGURE 15 — CURRENT BOOST REGULATOR 


MJ2955 or Equiv 


Input 


Output 


MC78XX 


ne Re ys = sc asaal 


XX = 2 digits of type number indicating voltage. 


The MC7800 series can be current boosted with a PNP transis- 
tor. The MJ2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the Vege of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. input-output differential voltage minimum is increased by 
Vee of the pass transistor. 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directlyacross the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistancedrops 
since the regulator has no external sense lead. 


FIGURE 14 — ADJUSTABLE OUTPUT REGULATOR 


Output 


Vo, 7.0 V to 20 V 
Vin Vo = 2.0V 


The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation character- 
istics. The minimnum voltage obtainable with this arrangement is 
2.0 volts greater than the regulator voltage. 


FIGURE 16 — SHORT-CIRCUIT PROTECTION 


MJ2955 


or Equiv 
tnput Rec 4 


2N6049 
or Equiv 


Output 


XX = 2 digits of type number indicating voltage. 


The circuit of Figure 15 can be modified to provide supply protec- 
tion against short circuits by adding a short-circuit sense resistor, 
Rec, and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal requiator. Therefore, a four-ampere plastic power tran- 
sistor is specified. 
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MOTOROLA 


= SEMICONDUCTOR xy . 
TECHNICAL DATA Series 


MC78L00,A 


THREE-TERMINAL LOW CURRENT THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS LOW CURRENT 


The MC78L00 Series of positive voltage regulators are inex- POSITIVE FIXED 
pensive, easy-to-use devices suitable for a multitude of applica- VOLTAGE REGULATORS 
tions that require a regulated supply of up to 100 mA. Like their 
higher powered MC7800 and MC78M00 Series cousins, these reg- 
ulators feature internal current limiting and thermal shutdown 


making them remarkably rugged. No external components are P SUFFIX 

required with the MC78L00 devices in many applications. CASE 29 
These devices offer a substantial performance advantage over 

the traditional zener diode-resistor combination, as output imped- PIN 1. OUTPUT 


2. GROUND 


ance and quiescent current are substantially reduced. 3. INPUT 


@ Wide Range of Available, Fixed Output Voltages 

@ Low Cost 

@ Internal Short Circuit Current Limiting 

@ Internal Thermal Overload Protection 

@ No External Components Required 

© Complementary Negative Regulators Offered G SUFFIX 
(MC79L00 Series) CASE 79 

@ Available in Either +5% (AC) or + 10% (C) Selections 


PIN 1. INPUT 
2. OUTPUT 
3. GROUND 


REPRESENTATIVE CIRCUIT SCHEMATIC 


(Bottom View) 
(Case Connected To Pin 3) 


D SUFFIX 


Me PLASTIC PACKAGE 
5 eS: CASE 751 


: (SOP-8) 


PIN 1. VouT 5. NC 
2. GND 6. GND 
3. GND 7. GND 
4. NC 8. Vin 


Ground 


es SOP-8 is an internally modified SO-8 Package. Pins 


2, 3, 6 and 7 are electrically common to the die 
attach flag. This internal lead frame modification 
decreases package thermal resistance and 
increases power dissipation capability when 


ORDERING INFORMATION 


P . appropriately mounted on a printed circuit board. 
Device Junction Temperature Range Package SOP-8 conforms to all external dimensions of the 
MC78LXXACD* standard SO-8 Package. 
MC78LXXACG Metal Can 
MC78LXXACP Ty = 0°C to + 125°C Plastic Power 
MC78LXXCG Metal Can Device No. Device No. | Nominal 
MC78LXXCP Plastic Power 10% 5% 1. Voliage 
MC78LXXABD# T pee ee MC78L05C MC78LO5AC 5.0 
| nnn => = be t + fe) 
[ MC78LXXABP# Plastic Power MC7BLOBC MC7ELORAE go 
—+ == - MC78L12C MC78L12AC 12 
XX indicates nominal voltage | MC78L15C MC78L15AC 15 
*Available in 5, 8, 12 and 15 volt devices. MC78L18C MC78L18AC 18 
#Automotive temperature range selections are available with special test conditions and addi- 
tional tests in 5, 8, 12 and 15 volts devices. Contact your loca! Motorola sales office for L MGISESEC NTS — ee 
information. 
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MC78L00,A Series 


MAXIMUM RATINGS (Ta = + 125°C unless otherwise noted.) 


Input Voltage (2.6 V-8.0 V) 
(12 V-18 V) 
(24 V) 


-6510 +150] °C 


MC78LO5C, MC78LOSAC ELECTRICAL CHARACTERISTICS (Vv, = 10 V, Iq = 40 mA, C; = 0.33 uF, Co = 0.1 wf, 3 


0°C < Ty < +125°C unless otherwise noted.) 
MC78LO5C 


Output Voltage (Ty = + 25°C) 


Line Regulation 
(Ty = +25°C, lo = 40 mA) i 
7.0 Vde < V; = 20 Vdc 
8.0 Vde < V) = 20 Vdc 

Load Regulation lResiead 
(Ty = +25°C, 1.0 mA < Ig = 100 mA) 
(Ty = +25°C, 1.0 mA < Ig <= 40 mA) 


Redline 


Output Voltage Vo 
(7.0 Vde = Vy = 20 Vdc, 1.0 mA <= Ig < 40 mA) 
(Vj = 10 V, 1.0 mA < Ig < 70 mA) 4.75 
T 
Input Bias Current ‘iB | 
(Ty = +25°C) : A ; : 
. (Ty = + 125°C) _ a8 _ 5.5 _ = 5.5 | 
Input Bias Current Change Alig mA 
(8.0 Vde < Vy = 20 Vdc) — 4p ts 5 —_ — 15 
(1.0 mA < Ig = 40 mA) a — 0.1 — — 0.2 
‘ae + —+— 
Output Noise Voltage (Ta = +25°C, 10 Hz<f< Vn | —_ 40 _ —_ 40 — uv 
100 kHz) vie _| 
Rippte Rejection (Ig = 40 mA, f = 120 Hz, RR 41 49 _ 40 49 _ dB 
8O0V<V) < 18V,T) = + 25°C) a 
Dropout Voltage | Vy iol = 17 am — 1.7 ae: Vde 
(Ty = +25°C) | 
L deere een cee 2 ee! See! Ere 


MC78L08C, MC78LO8AC ELECTRICAL CHARACTERISTICS (Vv, = 14 V, IQ = 40 mA, C; = 0.33 uF, Co = 0.1 uF, 
orc < Ty < +125°C unless otherwise noted.) 


 . Tt: he “ nT el 
MC78LO8AC MC78LO08C. 
a al aa (namo 
Characteristic Symbol Typ 2h hla Min | Typ Max Unit 
t ft 
_ (7 } 
| Output Voltage (Ty = + 25°C} L Vo 8.0 4 8.3 7.36 | 8.0 8.64 Vdc 
Line Regulation Redline mV 
(Ty = +25°C, lg = 40 mA) 
10.5 Vde = Wy = 23 Vdc 20 175 —_ 20 200 
11 Vde = Vy = 23 Vde 12 125 — 12 150 
i te af —t —_—_|-— St aye = oI 
Load Regulation Regioad mV 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) 15 80 — 15 80 
(Ty = +25°C, 1.0 MA < Ig < 40 mA) ao: 40 _ 6.0 40 
= —+ et 
Output Voltage ig Vo Vde | 
(10.5 Vde = Vi s 23 Vdc, 1.0 mA = IQ = 40 mA) _ 8.8 


(Vj) = 14V, 1.0 mA < Ig < 70 mA) 


Input Bias Current 
(Ty = +28°C) 
(Ty = +125°C) 

Input Bias Current Change 


(11 Vde = Vy = 23 Vdc) 
(1.0 mA < Ig < 40 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < Vn 
100 kHz) 


Ripple Rejection (lg = 40 mA, f = 120 Hz, , RR 
12V <V\ < 23V,Ty = +25°C) 
Dropout Voltage Vir-Vo 


(Ty = +25°C) 
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MC78L00,A Series 


MC78L12C, MC78L12AC ELECTRICAL CHARACTERISTICS (V; = 19 V. Io = 40 mA, C) = 0.33 uF, Co = 0.1 uF, OC < Ty < 
+ 125°C unless otherwise noted.) 


MC78L12AC MC78L12C 
Characteristic Symbol | Min Typ Max | Min | Typ Max Unit 
Output Voltage (Ty = + 25°C) Vo 11.5 12 12.5 11.1 } 12 | 129 | Vde 
Line Regulation Regiine mV 
(Ty = +25°C, Iq = 40 mA) 
14.5 Vde < V| < 27 Vdc — 120 250 — 120 250 
16 Vde < Vi < 27 Vde _— 100 200 — 100 200 
Load Regulation Regioad mv 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) _ 20 100 — 20 100 
(Ty = +25°C, 1.0 mA < Ig < 40 mA) — 10 50 _— 10 50 
Output Voltage Vo Vde 
(14.5 Vde < Vj < 27 Vdc, 1.0 mA < Ig < 40 mA) 11.4 a 12.6 10.8 = 13.2 
(Vj = 19 V, 1.0 MA = Ig = 70 mA) 11.4 _ 12.6 10.8 _ 13.2 | 
+— on + eae, Wee 
Input Bias Current he mA 
(Ty = +25°C) _ 4.2 6.5 = 4.2 6.5 
(Ty = +125°C) esc gt A ec ee Uae hes 
input Bias Current Change Alig mA 
(16 Vde < V| < 27 Vdc) _ ~_ 1.5 _— — 1.5 
(1.0 mA < Ig < 40 mA) oe See { 0.1 2 Peseta etc 0.2 sat 
Output Noise Voitage (Ta = + 25°C, 10Hz <f < Vn _— 80 ~_ —_ 80 ~ uv 
100 kHz) 
t 5 i +~—— a ——— + 
Ripple Rejection (i¢ = 40 mA, f = 120 Hz, 18 V < RR 37 42 = 36 42 _ dB 
Vi <= 25V, Ty = +25°C) t { ak oe fos. Aah 
Dropout Voltage Vi-Vo — 1.7 — — 1.7 — Vde 
(Ty = +25°C) | | i} ee A eee | eee) 
MC78L15C, MC78L15AC ELECTRICAL CHARACTERISTICS (Vv, = 23 V, Io = 40 mA, C; = 0.33 uF, Co = 0.1 uF, 
orc < Ty < + 125°C unless otherwise noted.) 
3 ‘ 
MC78L15AC MC78L15C 
> +. 
Characteristic Symbol! Min Typ Max Min Typ Max Unit 
cee ome Tas | 
Output Voltage (Ty = +25°C) Vo 14.4 15 15.6 13.8 15 16.2 Vde 
Line Regulation Regline mV 
(Ty = +25°C, Iq = 40 mA) 
17.5 Vde < V; < 30 Vdc _ 130 300 = 130 300 
20 Vde = Vj < 30 Vde — i 110 250 = 110 250 
T- + t —{ 
Load Regulation Regigad mV 
(Ty = +25°C, 1.0 mA < Ig < 100 mA) = 25 150 _ 25 150 
(Ty = +25°C, 1.0mA < Ig < 40 mA) _ 12 75 — 12 75 
+ 1 r a T Foul | 
Output Voltage Vo Vde 
(17.5 Vde < V) < 30 Vde, 1.0 MA < ig <= 40 mA) 


(Vj = 23 V, 1.0 MA < Ig = 70 mA) 


Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 

Input Bias Current Change 
(20 Vde < V; < 30 Vdc) 
(1.0 mA < Ig = 40 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz <f< 
100 kHz) 


Ripple Rejection (ig = 40 mA, f = 120 Hz, 18.5 V 


=< Vj = 28.5 V, Ty = +25°C) 


Dropout Voltage 
(Ty = +25°C) 
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MC78L00,A Series 


MC78L18C, MC78L18AC ELECTRICAL CHARACTERISTICS (Vv; = 27 V, Io = 40 mA, C; = 0.33 uF, Co = 0.1 yf, 
0°C < Ty < +125°C unless otherwise noted.) 


MC78L1 5 MC78L18C 


Characteristic 
+ 25°C) 


Output Voltage (Ty = 


Line Regulation 
(Ty = +25°C, lo = 40 mA) 
21.4 Vde < V; = 33 Vdc 
20.7 Vde <= V; < 33 Vde 
22 Vdc < V) < 33 Vde 
21 Vde = Wy < 33 Vde 


Load Regulation Regjoad 
(Ty = +25°C, 1.0 mA <= Ig < 100 mA) 
(Ty = +25°C, 1.0 mA < Ig < 40 mA) 


Output Voitage Vo - 


Regjine 


LEIA NSO Mi a VOC, 10 mA <I9 = 

(20.7 Vde = Vj = 33 Vdc, 1.0 mA < Ig = 40 mA) 
(Vj = 27 V, 1.0 mA = lg < 70 mA) 

(Vj = 27 V, 1.0 mA < Ig < 70 mA) 


Input Bias Current T=} 


(Ty = +25°C) _ 
{Ty = + 125°C) I _ 
Input Bias Current Change MiB 


(22 Vde = V; = 33 Vde) 
(21 Vde < Vy = 33 Vdc} 
(1.0 mA = Ig = 40 mA) 

Output Noise Voltage (Ta = +25°C,10Hzs fs | Vy 

100 kHz) | 


120 Hz, 


Rippie Rejection (lq = 40 mA, f = 
23V < V) = 33 V, Ty = +25°C) 
Dropout Voltage 
(Ty = +25°C) 


MC78L24C, MC78L24AC ELECTRICAL CHARACTERISTICS (Vv; = 33 V, 19 = 40 mA, C; = 0.33 uF, Co = 0.1 LF, 
0°C < Ty < + 125°C unless otherwise noted.) 


MC78L24AC MC78L24C 
_ Characteristic Symbo!| Min Typ Max Min Typ Max Unit 
Output Voltage (Ty = + 25°C) v 23 24 25 22.1 24 25.9 Vde 
ae. getty | VO 
Line Regulation Regine mV 
(Ty = + 25°C, lo = 40 mA) 
27.5 Vde = Vi < 38 Vde _ _ _ = 35 350 
28 Vde = Vi <= 80 Vdc _ 50 300 _ 30 300 
27 Vde = Vi < 38 Vde _ 60 350 =_ — _ 
Load Regulation Regioad mV 
(Ty = +25°C, 1.0 mA < Ig = 100 mA) = 40 200 _— 40 200 
(Ty = +25°C, 1OMA< Ig <= i mA) _ 20 100 = 20 100 
Output Voltage Vo Vde | 
(28 Vde = V| = 38 Vdc, 1.0 mA < Ig <= 40 mA) | 21.6 — 26.4 
(27 Vde < Vj = 38 Vdc, 1.0 mA < Ig < 40 mA) 22.8 — | 252 
(28 Vde < Vj = 33 V, 1.0 MA < Ig <= 70 mA) | 
(27 Vde < V; = 33 V, 1.0 mA < Ig <= 70 mA) 22.8 = 
Input Bias Current Ts} 
(Ty = +25°C) aa 3.1 
(Ty = + 125°C) os = 
Input Bias ie Change Alig 
(28 Vde = V; < 38 Vdc) — — 


(10mA < ea mA) puis a 


output Noise Voltage (Ta = + 25°C, 10 Hz <= Vn _ 200 pv 
f < 100 kHz) 
Ripple Rejection (Io = 40 mA, f = 120 Hz, 29V < RR 31 45 
Vi < 35V, Ty = +25°C) 


Dropout Voltage Vi-Vo _ 1.7 _ 1.7 
(Ty = +25°C) 


i 
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MC78L00,A Series 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 2— DROPOUT VOLTAGE versus 


FIGURE 1 — DROPOUT CHARACTERISTICS JUNCTION TEMPERATURE 
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MC78L00,A Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC78L00 Series of fixed voltage requlators are 
designed with Thermal Overload Protection that shuts 
down the circuit when subjected to an excessive power 
overload condition. Internal Short-Circuit Protection 
limits the maximum current the circuit will pass. 

In many low current applications, compensation ca- 
pacitors are not required. However, it is recommended 
that the regulator input be bypassed with a capacitor if 
the regulator is connected to the power supply filter 
with long wire lengths, or if the output load capacitance 
is large. The input bypass capacitor should be selected 


FIGURE 7 — CURRENT REGULATOR 


MC 78L05 


Constant 
Current to 
Grounded Load 


>_> 
'o 


The MC78L00 regulators can also be used as a current source when 
connected as above. in order to minimize dissipation the MC78LO5C is 
chosen in this application. Resistor R determines the current as follows: 
! 2% l 

a faa 

ie) R IB 

\1B = 3.8 mA over line and load changes 


For example, a 100 MA current source would require R to be a 
50-ohm, 1/2-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 


to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or 
larger tantalum, mylar, or other capacitor having low 
internal impedance at high frequencies should be cho- 
sen. The bypass capacitor should be mounted with the 
shortest possible leads directly across the regulators 
input terminals. Good construction techniques should 
be used to minimize ground loops and lead resistance 
drops since the regular has no external sense lead. By- 
passing the output is also recommended. 


FIGURE 8 — +15 V TRACKING VOLTAGE REGULATOR 


0.33 uF ¥ 10k 
au Pa 
= 10 k 
0.33 uF 
| MPS A70 


0-VoO 
MPS U55 


FIGURE 9 — POSITIVE AND NEGATIVE REGULATOR 


FIGURE 10 — STANDARD APPLICATION 


A common ground is required between the 


input and the output voltages. 


The input volt 


age must remain typically 2.0 V above the out- 
put voltage even during the low point on the 
input ripple voltage. 


*=¢ 


is required if regulator is located an 


appreciable distance from power supply 


filter 


Co ts not needed for stability; however, 
it does improve transient response 
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MOTOROLA 
a SEMICONDUCTOR xy 
TECHNICAL DATA 


THREE-TERMINAL MEDIUM CURRENT 
POSITIVE VOLTAGE REGULATORS 


The MC78M00 Series positive voltage regulators are identical 
to the popular MC7800 Series devices, except that they are spec- 
ified for only half the output current. Like the MC7800 devices, 
the MC78MO00 three-terminal regulators are intended for local, on- 
card voltage regulation. 

Internal current limiting, thermal shutdown circuitry and safe- 
area compensation for the internal pass transistor combine to 
make these devices remarkably rugged under most operating con- 
ditions. Maximum output current, with adequate heatsinking is 
500 mA. 


@ No External Components Required 

@ Internal Thermal Overload Protection 

@ Internal Short-Circuit Current Limiting 

e@ Output Transistor Safe-Area Compensation 


EQUIVALENT SCHEMATIC DIAGRAM 


TYPE NO./VOLTAGE 
MC78M05B,C 5.0 Volts MC78M12B,C 12 Volts MC78M20B,C 20 Volts 


MC78M06B,C 6.0 Volts MC78M15B,C 15 Volts MC78M24B,C 24 Volts 
MC78M08B,C 8.0 Volts MC78M18B,C 18 Volts 


MC78M00 


Series 


THREE-TERMINAL MEDIUM 
CURRENT POSITIVE FIXED 
VOLTAGE REGULATORS 


PIN 1. INPUT 
2. OUTPUT G SUFFIX 
3. GROUND METAL PACKAGE 
CASE 79 


3°50; (Case connected 
: : to Pin 3) 


(Bottom View) 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


(All 3 Plastic Types) 
PIN 1. INPUT 
2. GROUND 
3. OUTPUT 


(Heatsink surface connected to Pin 2) 


1 
2 
3 


DT SUFFIX DT-1 SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 
CASE 369A CASE 369 
(DPAK) (DPAK) 


ORDERING INFORMATION 


Tested Operating 
Device Junction Temp. Range | Package 


MC78MXXCG* if Metal 


MC78MXXCDT* ee DPAK 
MC78MXXCDT-1* aan 
MC78MXXCT Power 
Pe hs 
MC78MXxBT#¥ | Ty = -40°C to Plastic 
L. + 125°C Power 


XX indicates nominal voltage. 

* Available in 5, 8, 12 and 15 volt devices. 

# Automotive temperature range selections are 
available with special test conditions and 
additional tests in 5, 8, 12 and 15 volt devices. 
Contact your local Motorola sales office for 

information. 
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MC78M00 Series 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.} 


r Fa 
Rating Symbol 
Input Voltage (5.0 V- 18 V) Vi 
(20 V-24 V) le 
i 
Power Dissipation (Package Limitation) 
Plastic Package, T Suffix 
Ta = 25°C Pp Internally Limited 
Derate above Ta = 25°C CAP 70 °C/W 
Toe = 25°C Pp Internally Limited 
Derate above Tc = 110°C 8JC 5.0 °C/W 
Metal Package 
Ta = 25°C Pp Internally Limited 
Derate above Ta = 25°C OJA 185 °C/W 
Tc = 25°C Pb Internally Limited 
Derate above Tc = 85°C GC 25 °C/W 
oa 
Operating Junction Temperature Range MC78MXXC Ty Oto +150 °C 
wiles | -40 to +150 | 
| Storage Temperature Range Tstg —65 to + 150 “Cc | 


MC78M05B,C ELECTRICAL CHARACTERISTICS (V| = 10 V, Ig = 350 mA, 0°C < Ty < +125°C, Pp = 5.0 W unless otherwise 


noted.) 
Output Voltage (Ty = + 25°C) Vo | 48 | Vde 
Line Regulation Regiine 
Ty = +25°C, 7.0 Vde < V| = 25 Vde, Ig = 200 mA 
(TJ 5 I c.lo ) 
Load Regulation Regioad mv 
(Ty = +25°C, 5.0 mA < Ig = 500 mA) 
{Tj = +25°C, 5.0 MA < Ig < 200 mA) 
Output Voltage Vo 4.75 Vde 
(7.0 Vde < Vj < 25 Vdc, 5.0 mA < Ig < 200 mA) 
(7.0 Vdc = Vj < 20 Vdc, 5.0 mA < Ig < 350 mA) 
Input Bias Current (Ty = +25°C) 1B mA 
Quiescent Current Change Alip 


(8.0 Vde < Vj < 25 Vdc, Ig = 200 mA) 
(56.0 mA < Ig < 350 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz = f < 100 kHz) Va 


Ripple Rejection (T, DT and OT-1 suffixes only) 
(lg = 100 mA, f = 120 Hz, 8.0 V < Vj <= 18 V) 
(ig = 300 mA, f = 120 Hz, 8.0 <= Vv; = 18 V, Ty = 25°C) 


2s 
< 


oo 
i & 


Dropout Voltage Vi-Vo Vdc 
(Ty = +25°C) 
Short Circuit Current Limit (Ty = +25°C, V) = 35 V) los | mA | 


Average Temperature Coefficient of Output Voltage AVO/AT 


I+ 
° 
N 


mvV/°C 


cies 


(lq = 5.0 mA) 
Peak Output Current lo 700 mA 
(Ty = 25°C) aa 
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MC78M00 Series 


MC78MO6C ELECTRICAL CHARACTERISTICS (V; = 11 V, 19 = 350 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise 
noted.) 


Load Regulation 
(Ty = +25°C, 5.0mA < 
(Ty = +26°C, 5.0 mAs 


Output Voltage 
(8.0 Vdc < V) = 25 Vdc, 5.0 mA < Ig < 200 mA) 
(8.0 Vde < V; < 21 Vde, 5.0 mA < Ig = 350 mA) 


Input Bias Current (Ty = +25°C) 


Io < 500 mA) 
lo = 200 mA} 


Quiescent Current Change 


(9.0 Vde < V; = 25 Vdc, Ig = 200 mA) 
(5.0 mA < Ig < 350 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz <= f < 100 kHz) 


Ripple Rejection (T suffix only) 
(Ig = 100 mA, f = 120 Hz, 9.0 
(Ig = 300 mA, f = 120 Hz, 9.0 


Dropout Voltage 
(Ty = +25°C) 


Short Circuit Current Limit (Ty = + 25°C, Vj = 35 V) 


Average Temperature Coefficient of Output Voltage 
{lo = 5.0 mA} 


Peak Output Current 
(Ty = 25°C) 


MC78M08B,C ELECTRICAL CHARACTERISTICS (Vv; = 14 V, Io = 350 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise 
noted.) 


Characteristic 


< 
ao] 


™ 
“I 
< 
a 


Output Voltage (Ty = +25°C) | 30 | d 

Line Regulation 50 mV 
(Ty = +25°C, 10.5 Vdc = Vj = 25 Vdc, Ig = 200 mA) 

Load Regulation mV 
(Ty = +25°C, 5.0 MA < Ig < 500 mA) 25 160 
(Ty = +25°C, 5.0 MA < I¢g < 200 mA) 10 80 

Output Voltage — Vde 
(10.5 Vde < V; < 25 Vdc, 5.0 mA < Ig <= 200 mA) 
(10.5 Vde < Vj < 23 Vdc, 5.0 mA < IQ = 350 mA) 

Input Bias Current (Ty = +25°C) 3.2 

Quiescent Current Change mA 
(10.5 Vde < Vj < 25 Vdc, Ig = 200 mA) 0.8 


(5.0 MA < Ig < 350 mA) 
Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 


Ripple Rejection (T suffix only) 
(Io = 100 mA, f = 120 Hz, 11.5 
(Io = 300 mA, f = 120 Hz, 11.5 


Dropout Voltage 
(Ty = +25°C) 


Short Circuit Current Limit (Ty = +25°C, Vj = 35 V) 


Average Temperature Coefficient of Output Voltage AVo/AT 
(lo = 5.0 mA) 

Peak Output Current 
(Ty = 25°C) 


on 
Le) 


NN 
ap 
< 


<< 
IN I 
<< 


Vdc 


mvV/°C 


it 
° 
N 


700 


3 
> 


= < 
< 
Y) oO 
N 
pip tfalen f : 
> 
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MC78sM00 Series 


MC78M12B,C ELECTRICAL CHARACTERISTICS (Vv; = 19 V, Io = 350 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise 
noted.) 


erasers SSSS*dC mb 
Output Voltage (Ty = +25°C) 


Line Regulation Regiine 
(Ty = +265°C, 14.5 Vde < Vj < 30 Vdc, Iq = 200 mA) 


ReGigad 
Vo 


Typ 


Load Regulation 
(Ty = +25°C, 5.0 mA 
(Ty = +25°C, 5.0 mA 


Output Voltage 
(14.5 Vde < V| < 27 Vdc, 5.0 mA < Ig < 350 mA) 


+ 25°C) 


Quiescent Current Change 
(14.5 Vde <= V} = 30 Vde, Io = 200 mA) 
(5.0 mA < Ig = 350 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz = f = 100 kHz) 


Ripple Rejection (T, DT and DT-1 suffixes only) 
(lo = 100 mA, f = 120 Hz, 15 V < Vj < 25 V) 
(to = 300 mA, f = 120 Hz, 15 V < Vj < 25V, Ty = 256°C) 


500 mA) 
200 mA) 


<lgo< 
<lo< 


Input Bias Current (Ty = 


~s 
or 


Dropout Voltage 
(Ty = +25°C) 


Short Circuit Current Limit (Ty = +25°C, V; = 35 V) 


od 
re) 


3 


Average Temperature Coefficient of Output Voltage AVo/AT +0.3 
(lo = 5.0 mA) 
Peak Output Current lo 700 


(Ty = 25°C) 


oo = N 


MC78M15B,C ELECTRICAL CHARACTERISTICS (V; = 23 V, Iq = 350 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise 
noted.) 


Characteristic 


Output Voltage (Ty = + 25°C) 


Input Regulation 
(Ty = +25°C, 17.5 Vde <= V| = 30 Vdc, ig = 200 mA) 


Load Regulation 
(Ty = +25°C,5.0 mA <= 
(Ty = +25°C, 5.0 mA = 


Output Voltage 
(17.5 Vde = V| = 30 Vdc, 5.0 mA < Ig = 350 mA) 


Input Bias Current (Ty = + 25°C) 


lo 
lo 


500 mA) 
200 mA) 


< 
—< 


Quiescent Current Change 
(17.5 Vde = V| = 30 Vdc, Ig = 200 mA) 
(5.0 MA = Ig <= 350 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz <= f < 100 kHz) 


Ripple Rejection (T, DT and DT-1 suffixes only) 
= 100 mA, f = 120 Hz, 18.5 V < Vj < 28.5 V) 
= 300 mA, f = 120 Hz, 18.5V < VW = 28.5 V, Ty = 25°C) 


Dropout Voltage 
(Ty = +25°C) 


Short Circuit Current Limit (Ty = +25°C, Vj = 35 V) 


Average Temperature Coefficient of Output Voltage 
(Igo = 5.0 mA) 


Peak Output Current 
(Ty = 25°C) 
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MC78M00 Series 


MC78M18C ELECTRICAL CHARACTERISTICS (V = 27 V, Iq = 350 mA, 0°C < Ty < + 125°C, Pp <= 5.0 W unless otherwise 
noted.) 


eS 


Line Regulation Redline 
(Ty = +25°C, 21 Vde < V} < 33 Vdc, Iq = 200 mA) 


Load Regulation 


(Ty = +25°C, 5.0m 
(Ty = +25°C, 5.0m 


Output Voltage Vo 17.1 
(21 Vde < Vj < 33 Vdc, 5.0 mA < Ig < 350 mA) 


Input Bias Current (Ty = +25°C) wp] = 6 82 | 


Quiescent Current Change Alig 
(21 Vde < Vj < 33 Vdc, Iq = 200 mA) = 
(5.0 mA < Io < 350 mA) _ 


Output Noise Voltage (Ta = +25°C, 10 Hz < f = 100 kHz) Va _ 
Ripple Rejection (T suffix only) RR 
(lo = 100 mA, f = 120 Hz, 22 V < Vv; < 32 V) 53 
(lg = 300 mA, f = 120 Hz, 22 V <= Vj = 32 V, Ty = 25°C) 53 
Dropout Voltage Vi-Vo — 
(Ty = +25°C) 

Short Circuit Current Limit (Ty = +25°C, V; = 35 V) los — 
Average Temperature Coefficient of Output Voltage AVoO/AT _ 
(lo = 5.0 mA) . 
Peak Output Current lo — 700 _— mA 

(Ty = 25°C) 


MC78M20C ELECTRICAL CHARACTERISTICS (V; = 29 V, |g = 350 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise 
noted.) 


Characteristic 
Output Voltage (Ty = + 25°C) 


Line Regulation 
(Ty = +25°C, 23 Vde < V; < 35 Vdc, Ig = 200 mA} 


Load Regulation 
(Ty = +25°C, 5.0 mA < 
(Ty = +25°C, 5.0 mA <= 


Output Voltage 
(23 Vde < V) < 35 Vdc, 5.0 mA < Ig = 350 mA) 


Input Bias Current (Ty = + 25°C) 


< 
a 


< 


3 
< 


< 500 mA) 
<= 200 mA) 


lo 
lo 


< 
Qo 
a 


3 
> 


Quiescent Current Change 
(23 Vde < V| < 35 Vdc, Io = 200 mA) 
(5.0 mA < Ig < 350 mA) 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 


Ripple Rejection (T suffix only) 
(lo = 100 mA, f = 120 Hz, 24V <= V) 
(Io = 300 mA, f = 120 Hz, 24V <= Vy 
Dropout Voitage 
(Ty = +25°C) 
Short Circuit Current Limit (Ty = + 25°C, V; = 35 V) 
Average Temperature Coefficient of Output Voltage 
(lo = 5.0 mA) 


Peak Output Current 
(Ty = 25°C} 


= 34V) 
< 34V, Ty = 25°C) 
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MC78MO00 Series 


MC78M24C ELECTRICAL CHARACTERISTICS (V, = 33 V, Io = 350 mA, 0°C < Ty < +125°C, Pp < 5.0 W unless otherwise 
noted.) 


Vo Vdc 


Output Voltage (Ty = +25°C) 


Line Regulation 
(Ty = +25°C, 27 Vde < V\ < 38 Vdc, lq = 200 mA) 


Load Regulation 

(Ty = +25°C,5.0 mA < 

(Ty = +25°C, 5.0mA< 
Output Voltage 

(27 Vdc < Vj < 38 Vdc, 5.0 mA = Ig <= 350 mA) 
Input Bias Current (Ty = + 25°C) 


Quiescent Current Change 
(27 Vdc < Vj < 38 Vdc, Ig = 200 mA) 
(5.0 mA < Ig <= 350 mA) 


se Ee me te te 


500 mA} 
200 mA) 


‘o 
lo 


<s 
< 


3 
< 


Vdc 


Ned 
iS) 


2 
a 
© 
re) 
@ 
a 
> w 
ee | 
oo ~N nN 
— 2] Bee | alk 
3 
< 


Output Noise Voltage (Ta = + 25°C, 10 Hz < f < 100 kHz) Va a a 

Ripple Rejection (T suffix only) RR 
(lo = 100 mA, f = 120 Hz, 28 V < V\ < 38 V) — 
(lo = 300 mA, f = 120 Hz, 28 V = Vj = 38 V, Ty = 25°C) 70 

Dropout Voltage Vi-Vo —_ 2.0 Vdc 
(Ty = +25°C) 

Short Circuit Current Limit (Ty = +25°C) los = 50 

= 

Average Temperature Coefficient of Output Voltage AVo/AT _ +0.5 mV°C 
(lo = 5.0 mA) 

Peak Output Current lo _ 700 mA 
(Ty = 25°C) 


DEFINITIONS 


Line Regulation — The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is 
not significantly affected. 

Load Regulation — The change in output voltage for a 
change in load current at constant chip temperature. 
Maximum Power Dissipation — The maximum total 
device dissipation for which the regulator will operate 
within specifications. 


Input Bias Current — That part of the input current that 
is not delivered to the load. 


Output Noise Voltage — The rms ac voltage at the out- 
put, with constant load and no input ripple, measured 
over a specified frequency range. 


Long Term Stability — Output voltage stability under 
accelerated life test conditions with the maximum rated 
voltage listed in the devices’ electrical characteristics 
and maximum power dissipation. 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 
TO-220AB (CASE 221A) 


’, 


| 
a 
ae 


Pp, POWER DISSIPATION (WATTS) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 
(CASE 79) 


Pp, POWER DISSIPATION (WATTS) 


Ajo = 25°C'W 
Po(MAX) = 7.5 W 


0.1 
26 50 


Tg, AMBIENT TEMPERATURE (°C) 
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MC78M00 Series 


TYPICAL PERFORMANCE CURVES 


FIGURE 3 — PEAK OUTPUT CURRENT versus FIGURE 4 — DROPOUT VOLTAGE 
DROPOUT VOLTAGE versus JUNCTION TEMPERATURE 


V\-Vg, DROPOUT VOLTAGE (VOLTS) 


0 5.0 10 15 20 8605 30 3540 0 25 50 75 100s«125~—=i<i«C2S 
V\-Vg, DROPOUT VOLTAGE (VOLTS) Ty, JUNCTION TEMPERATURE (°C) 
| 
FIGURE 6 — RIPPLE REJECTION versus 
FIGURE 5 — RIPPLE REJECTION versus FREQUENCY OUTPUT CURRENT 


RR, RIPPLE REJECTION (dB) 
RR, RIPPLE REJECTION (dB) 


k 
f 


f, FREQUENCY (Hz} 


FIGURE 7 — BIAS CURRENT versus FIGURE 8 — BIAS CURRENT versus 
INPUT VOLTAGE OUTPUT CURRENT 


40 


Ip, BIAS CURRENT (mA] 
5 
ip, BIAS CURRENT {mA} 


1.0 


| 
| I) Ty = 125°C Io = 05A 
| 
| i 
0 10 15 20 74.) 


0 
0 30002~CO5 tO 0.01 0.1 08 1.0 
Vj, INPUT VOLTAGE (Vdc) io, OUTPUT CURRENT (A) 
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APPLICATIONS INFORMATION 


DESIGN CONSIDERATIONS 

The MC78MO0 Series of fixed voltage regulators are 
designed with Thermal Overload Protection that shuts 
down the circuit when subjected to an excessive power 
overload condition, Internal Short Circuit Protection that 
limits the maximum current the circuit will pass, and 
Output Transistor Safe-Area Compensation that 
reduces the output short circuit current as the voltage 
across the pass transistor is increased. 

In many low current applications, compensation 
capacitors are not required. However, it is recom- 
mended that the regulator input be bypassed with a 
capacitor if the regulator is connected to the power sup- 


FIGURE 9 — CURRENT REGULATOR 


Constant 
Current to 
Io Grounded Load 


The MC78MO00 regulators can also be used as a current 
source when connected as above. In order to minimize 
dissipation the MC78MO5C is chosen in this application. 
Resistor R determines the current as follows: 


ee ROY, 
R 


lig = 1.5 mA over line and load changes 


For example, a 500 mA current source would require R to 
be a 10 ohm, 10 W resistor and the output voltage com- 
pliance would be the input voltage less 7.0 volts. 


FIGURE 11 — CURRENT BOOST REGULATOR 


MJ2955 or Equiv. 


Output 


are 0.1 uF 


XX = 2 digits of type number indicating voltage. 


The MC78M00 series can be current boosted with a PNP 
transistor. The MJ2955 provides current to 5.0 amperes. 
Resistor R in conjunction with the Vg¢ of the PNP deter- 
mines when the pass transistor begins conducting; this 
circuit is not short circuit proof. Input output differential 
voltage minimum is increased by Vge of the pass 
transistor. 


ply filter with long wire lengths, or if the output load 
capacitance is large. An input bypass capacitor should 
be selected to provide good high frequency character- 
istics to insure stable operation under all load condi- 
tions. A 0.33 uF or larger tantalum, mylar, or other 
capacitor having low internal impedance at high fre- 
quencies should be chosen. The bypass capacitor 
should be mounted with the shortest possible leads 
directly across the regulators input terminals. Normally 
good construction techniques should be used to mini- 
mize ground loops and lead resistance drops since the 
regulator has no external sense lead. 


FIGURE 10 — ADJUSTABLE OUTPUT REGULATOR 


Vo, 7.0 V to 20 V 
VIN Vo =2.0V 


Input Output 


0.1 
pF 


The addition of an operational amplifier allows adjust- 
ment to higher or intermediate values while retaining reg- 
ulation characteristics. The minimum voltage obtainable 
with this arrangement is 2.0 volts greater than the regu- 
lator voltage. 


FIGURE 12 — CURRENT BOOST WITH 
SHORT-CIRCUIT PROTECTION 


Input Rs MJ2955 or Equiv. 


2N6049 


R or Equiv. 
WA 4—o 


——— 


MC78MXXC 


XX = 2 digits of type Output 


number indicating 


1.0 uF 
voltage. = 


The circuit of Figure 7 can be modified to provide supply 
protection against short circuits by adding a short circuit 
sense resistor, Rgc, and an additional PNP transistor. The 
current sensing PNP must be able to handle the short- 
circuit current of the three-terminal regulator. Therefore, 
a two-ampere plastic power transistor is specified. 
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MOTOROLA 
= SEMICONDUCTOR soe MC78T00 
TECHNICAL DATA Series 


THREE-AMPERE 
POSITIVE FIXED 
VOLTAGE REGULATORS | 


THREE-AMPERE POSITIVE VOLTAGE REGULATORS 
SILICON MONOLITHIC 


This family of fixed voltage regulators are monolithic integrated INTEGRATED CIRCUIT 
circuits capable of driving joads in excess of 3.0 amperes. These 
three-terminal regulators employ internal current limiting, ther- 
mal shutdown, and safe-area compensation. Devices are available 
with improved specifications, including a 2% output voltage tol- 
erance, on AC-suffix 5.0, 12 and 15 volt device types. 

Although designed primarily as a fixed voltage regulator, these K SUFFIX 
devices can be used with external components to obtain adjust- METAL PACKAGE 
able voltages and currents. This series of devices can be used CASE 1 
with a series-pass transistor to supply up to 15 amperes at the 
nominal output voltage. 


@ Output Current in Excess of 3.0 Amperes 
@ Power Dissipation: 30 W (K-Suffix), 25 W (T-Suffix) OM -@ 
@ No External Components Required Input Output 
e@ Output Voltage Offered in 2% and 4% Tolerance* 
e@ Thermal Regulation is Specified 
e Internal Thermal Overload Protection . 
woe a ase (Bottom View) 
@ Internal Short-Circuit Current Limiting 
e@ Output Transistor Safe-Area Compensation 
T SUFFIX 
PLASTIC PACKAGE 
MAXIMUM RATINGS (T, = + 25°C unless otherwise noted.) CASE 221A 
“T = 4 
[es Rating Symbol! us Value | Unit 
Input Voltage (5.0 V-12 V) Vin 35 Vdc 
(15 V) z 40 
Power Dissipation and Thermal 
Characteristics (Heatsink surface 
Plastic Package (Note 1) PIN 1. INPUT connected to 
Ta = +25°C Pp Internally Limited 2. GROUND Pin 2) 
Thermal Resistance, Junction to Air Raja 65 °C/W 3. OUTPUT 
Te = +25°C Pp Internally Limited 
Thermal Resistance, Junction to Case Rasc 2.5 °C/W 
Metal Package (Note 1} 
Ta = +25°C Pp Internally Limited 
fi RDERIN ON 
Thermal Resistance, Junction to Air Raga 35 °C/W Arteta aaed dal 
To = +25°C Pp internally Limited Jested 
‘ ; é Output Operating 
Thermal Resistance, Junction to Case Rec 2.5 Cw Voltage Junction 
Storage Junction Temperature Range Tstg -65 to +150 °C Device Tolerance | Temp. Range | Package 
i - ie MC78TXXCK 4% Metal 
Operating Junction Temperature Range Ty Oto + 150 °C MC78TXXACK 2%* Power 
——+ 125°C 
L MC78TO0C, AC t MC78TXXCT 4% ree Plastic 
NOTE: MC78TXXACT 2%* Power 
1, Although power dissipation is internally limited, specifications apply only for Po = Pmax. MC78TXXBT# T 4% 1 — 40 to f Plastic 
Pmax = 30 W for K package Pmax = 25 W for T package. MC78TXXABT# 2%* +125°C Power 
XX Indicates nominal voltage. 
* 2% regulators are available in 5, 12 and 15 volt 
devices. 
TYPE NO./VOLTAGE #Automotive temperature range selections are 
available with special test conditions and additiona 
MC78T05 5.0 Volts MC78T12 12 Volts tests. Contact your local Motorola sales office for 
MC78T08 8.0 Volts MC78T15 15 Volts information. 
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MC78T00 Series 


MC78TOSAC, C 


iN IN 
eo 
howe 


i 


In 


\l 


ELECTRICAL CHARACTERISTICS (V;, = 10 V, Ig = 3.0 A, 0°C < Ty < 125°C, Pa < Prax [Note 1], unless otherwise noted.) 
(5.0 mA <= Io = 3.0 A; 
Load Regulation (Note 2) Regioad mV 
30 
8 
(Pulse = 10 ms, P = 20W, Ta = + 25°C) 


MC78TO5AC MC78TO5C 

Vde 
5.0 mA <= Io <= 2.0A, 7.3 Vde < Vin < 20 Vdc) 

mV 
(5.0 mA = Ig = 3.0 A, Ty = + 25°C) 

0 
0.03 | %VO/W 
mA 


Output Voltage Vo 
48 5.0 5.2 
4.75 5.0 5.25 
Line Regulation (Note 2) Regline _ 3.0 25 25 
(7.2 Vde = Vin = 35 Vde, Ig = 5.0 mA, Ty = +25°C; 
7.2 Vde S Vin = 35 Vde, Io = 1.0A, Ty = +25°C; 
8.0 Vde = Vin = 12 Vdc, Ig = 3.0A, Ty = +25°C; 
Vv 
(5.0 mA <= Ig = 3.0 A) 
5.0 


(5.0 mA = lg = 3.0A, Ty = +25°C) 
7.5 Vde < 20 Vdc, Ig = 1.0 A) 
Thermal Regulation Regtherm = 
6.0 


Quiescent Current IB 
(5.0 mA < Ig = 3.0A, Ty = +25°C) 
(5.0 MA = Ig = 3.0 A) 
Quiescent Current Change 
(7.2 Vde = Vin = 35 Vdc, Ig = 5.0 mA, Ty = + 25°C; 
5.0 MA < Ig = 3.0A,Ty = + 25°C; 
7.5 Vde < Vin < 20 Vdc, Ig = 1.0 A) 
ja 
Ripple Rejection 
(8.0 Vdc = Vin = 18 Vde, f = 120 Hz, 
[| 'o = 20A, Ty = 25°C) 
Dropout Voltage (Io = 3.0A, Ty = +25°C) 
Output Noise Voltage 
(10 Hz = f = 100 kHz, Ty = + 25°C) 


ib 
Output Resistance (f = 1.0 kHz) 


Short Circuit Current Limit 
(Vin = 35 Vde, Ty = +25°C) 


rae be + + 
Peak Output Current (Ty = +25°C) Imax ae 5.0 Mi te ona 5.0 | _ A 
Average Temperature Coefficient of Output Voltage TCVo —_ 0.2 _ _ 0.2 _ mvV/C 
(lg = 5.0 mA) | ates 
NOTES: 
1. Although power dissipation is internally limited, specifications apply only for Po ~ Pmax. 
Pmax = 30 W for K package Pmax = 25 W for T package 


2. Line and load regutation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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MC78TO00 Series 


MC78T08C 


ELECTRICAL CHARACTERISTICS (Vj, = 13 V, Ip = 3.0 A, 0°C < Ty < 125°C, Pg < Pmax [Note 1], unless otherwise noted.) 
MC78T08C 


Characteristic Symbol 


Output Voltage Vo 


(5.0 MA < Ig <3.0A, Ty = +25°C) 


(5.0 MA < Ig < 3.0A; 7.6 4 
5.0 MA < Ig = 2.0A, 10.4 Vde = Vin = 23 Vdc) 
$$$ —______}+_____. 
Line Regulation (Note 2) Redline as . 


(10.3 Vde < Vin < 35 Vdc, Ig = 5.0 mA, Ty = +25°C; 
10.3 Vde < Vin < 35 Vde, Io = 1.0A, Ty = +25°C; 
11 Vde < Vin < 17 Vde, Io = 3.0A, Ty = +25°C; 
10.7 Vde < Vin < 23 Vdc, Io = 1.0 A) 


Load Regulation (Note 2) Regioad 
(5.0 MA < Ig <3.0A, Ty = +25°C) — 
(5.0 mA < Ig < 3.0 A) — 


Thermal Regulation Regtherm _ 
(Pulse = 10 ms, P = 20 W, Ta = +25°C) 


+ 
Quiescent Current IB | 
(5.0 mA < Io <= 3.0A, Ty = +25°C) _ 
(5.0 MA < [9g < 3.0 A) = 
Quiescent Current Change Alg _ 
(10.3 Vde = Vin = 35 Vdc, Io = 5.0 mA, Ty = +25°C; 
5.0mMA <I9 = 3.0A, Ty = +25°C; 
10.7 Vde = Vin < 23 Vde, Ig = 1.0 A) 
Rippie Rejection RR 60 
(11 Vde < Vin < 21 Vdc, f = 120 Hz, IQ = 2.0A, Ty = 25°C) 


ice 
Dropout Voltage (Io = 3.0A, Ty = +25°C) ue Vin-Vo | _ 
Output Noise Voltage Vn — 
(10 Hz < f < 100 kHz, Ty = +25°C) 
T 5 
Output Resistance (f = 1.0 kHz) Ro — 


Short Circuit Current Limit Isc 7 
(Vin = 35 Vde, Ty = +25°C) 
Peak Output Current (Ty = + 25°C) Imax = 
| 
Average Temperature Coefficient of Output Voltage (ig = 5.0 mA) tlds. TCVO { _— 


NOTES: 
1. Although power dissipation is internally limited, specifications apply only for Po = Pmax.- 
Pmax = 30 W for K package Pmax = 25 W for T package 


og ll 


2. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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ELECTRICAL CHARACTERISTICS (V;, = 17 V, lo = 3.0A, 0°C < Ty < 125°C, — 


Characteristic 


Output Voltage 
(5.0 mA < lo = 3.0A, Ty = 
(5.0 MA < Ig < 3.0 A; 
5.0 MA = Ig = 2.0A, 14.5 Vde = 


Line Regulation (Note 2) 
(14.5 Vde = Vin = 35 Vde, Ilo = 
14.5 Vde < Vin < 35 Vdc, Ig 


+ 25°C) 


Vin = 27 


5.0 mA, Ty = 


= 10A,Ty = 


MC78T00 Series 


MC78T12AC, C 


Vde) 
ReQline 

+ 25°C; 
+ 25°C; 


Pmax [Note 1], unless otherwise noted.) 


16 Vde = 
14.9 Vde = 


Vin < 22 Vde, Io = 


3.0A, Ty = 


Vin = 


27 Vdc, lo = 


1.0 A) 


Load Regulation (Note 2) 


+ 25°C; 
Regioad 


(5.0 mA < Ig = 3.0A, Ty = 
(5.0 mA = Ig = 3.0 A) 


+ 25°C) 


Thermal Regulation 
(Pulse = 10 ms, P = 


20 W, Ta = 


+ 25°C) 


Quiescent Current 
(5.0 MA = 19 $3.0A, Ty = 
(5.0 MA = 1g < 3.0A) 


+ 25°C) 


| Regtherm 


IB 


Quiescent Current Change 


(14.5 Vde < 


14.9 Vde = 


Vin < 35 Vde, Ig = 


- 5.0 mA, Ty = 


5.0 mA <= 


Io = 3. 
Vin = 


0A, Ty = 
: 27 Vde, Ig = 


+ 25°C; 


1.0 A) 


Alp 
+ 28°C; 


Ripple Rejection | 
(15 Vde = Vin = 25 Vde, f = 120 Hz, 
lo = 2.0 A, Ty = 25°C) 


3.0A, Ty = 


Dropout Voltage (Iq = + 25°C) 


Output Noise Voltage 
(10 Hz < f < 100 kHz, Ty = + 25°C) 


Output Resistance (f = 1.0 kHz) 


Short Circuit Current Limit 

(Vin = 35 Vde, Ty = +25°C) 
Peak Output Current (Ty = +25°C) 
ee ee 

Average Temperature Coefficient 

of Output Voltage (lg = 5.0 mA) 
NOTES: 


1. Although power dissipation is internally limited, specifications apply only for Po = Pmax- 
Pmax = 30 W for K package Pmax = 25 W for T package 


2. Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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MC78T00 Series 


MC78TI5AC, C 


ELECTRICAL CHARACTERISTICS (V;,, = 20 V, Io = 3.0A, 0°C < Ty = 125°C, Po <= Pmax [Note 1], unless otherwise noted.) 
edict tases See tee 


MC78T15AC MC78T15C 
Characteristic Symbol Min Typ Max Min Typ Max Unit 
<—— 
Output Voltage Vo Vdc 
(5.0 MA < Ig <= 3.0A, Ty = +25°C) 14.7 15 15.3 14.4 15 15.6 
(5.0 mA < Io < 3.0A; 14.4 15 15.6 14.25 15 15.75 
5.0 mA < I¢ < 2.0 A, 17.5 Vde < Vin = 30 Vdc) 


(5.0 mA < Ig < 3.0 A) | 


Thermal Regulation Regtherm 
(Pulse = 10 ms, P = 20 W, Ta = +25°C) | 


Quiescent Current 
(5.0 MA < Ig < 3.0A, Ty = +25°C) 
(5.0 MA < Ig < 3.0 A) 


Quiescent Current Change 
(17.6 Vde < Vin < 40 Vdc, Ig = 5.0 mA, Ty = +25°C; 
5.0 mA <I9 = 3.0A,Ty = +25°C; 


(5.0 MA < Ig < 3.0A, Ty = +285°C) 
0.002 | 0.03 | %Vg/w 


0.3 1.0 mA 


Line Regulation (Note 2) Regline : 75 55 mV 
(17.6 Vdc < Vig < 40 Vdc, Io = 5.0mA, Ty = +25°C; 
17.6 Vdc < Vin < 40 Vdc, Io = 1.0A, Ty = +25°C; 
20 Vde < Vin < 26 Vdc, Io = 3.0A, Ty = +25°C; 
18 Vdc < Vig = 30 Vde, Io = 1.0 A) | 2) five | 
Load Regulation (Note 2) Regioad mV 


18 Vde < Vin < 30 Vde, Ig = 1.0 A) 


Rippte Rejection 55 65 — dB 
(18.5 Vde < Vin < 28.5 Vde, f = 120 Hz, 
lo = 2.0A, Ty = 25°C) 


Dropout Voltage (Io = 3.0A, Ty = + 25°C) 


Output Noise Voltage 10 — | pVNo 

(10 Hz = f < 100 kHz, Ty = +25°C) 
Output Resistance (f = 1.0 kHz) Ro — 2.0 _ _ 2.0 _ ma 

T Saotae 4 

Short Circuit Current Limit Isc 1.0 —_ _ 1.0 = A 

(Vin = 40 Vde, Ty = +25°C) [ | Mt. Ae: nti 
Peak Output Current (Ty = +25°C) Imax = 5.0 oat — 5.0 — A 

<— tT 

Average Temperature Coefficient of Output Voltage TCVO _ 0.6 _ — 0.6 — mv/°C 

(Io = 5.0 mA) _t fe rare eal 4 
NOTES: 

1, Although power dissipation is internally limited, specifications apply only for Po <= Pmax.- 

Pmax = 30 W for K package Pmax — 25 W for T package 


2. Line and load regulation are specified at constant junction temperature. Changes in VQ due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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MC78T00 Series 


SCHEMATIC DIAGRAM 


VOLTAGE REGULATOR PERFORMANCE 

The performance of a voltage regulator is specified 
by its immunity to changes in load, input voltage, power 
dissipation, and temperature. Line and load regulation 
are tested with a pulse of short duration (< 100 us) and 
are strictly a function of electrical gain. However, pulse 
widths of longer duration (> 1.0 ms) are sufficient to 
affect temperature gradients across the die. These tem- 
perature gradients can cause a change in the output 
voltage, in addition to changes caused by line and load 
regulation. Longer pulse widths and thermal gradients 
make it desirable to specify thermal regulation. 

Thermal regulation is defined as the change in output 
voltage caused by a change in dissipated power for a 
specified time, and is expressed as a percentage output 


FIGURE 1 — LINE AND THERMAL REGULATION 


VOLTAGE DEVIATION {V) 


AVo, OUTPUT 
_, (2.0 mVidiv.} 


Vin. (NPUT 
VOLTAGE (V) 


t, TIME (2.0 ms/div.) 


MC78TOSAC 
Vo = 5.0V 
Vin = 80V—> 18V—> 8.0V 
lout =20A 


® = Regline = 2.4 mV 
@ = Regtherm = 0.0015%Vg/W 


Output 
O 


AVo, OUTPUT 


voltage change per watt. The change in dissipated 
power can be caused by a change in either the input 
voltage or the load current. Thermal regulation is a func- 
tion of I.C. layout and die attach techniques, and usually 
occurs within 10 ms of a change in power dissipation. 
After 10 ms, additional changes in the output voltage 
are due to the temperature coefficient of the device. 

Figure 1 shows the line and thermal regulation 
response of a typical MC78TO5AC to a 20 watt input 
pulse. The variation of the output voltage due to line 
regulation is labeled @ and the thermal regulation com- 
ponent is labeled @. Figure 2 shows the load and ther- 
mal regulation response of a typical MC78TOSAC to a 
20 watt load pulse. The output voltage variation due to 
load regulation is labeled @ and the thermal regulation 
component is labeled @. 


FIGURE 2 — LOAD AND THERMAL REGULATION 


VOLTAGE DEVIATION {V) 
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CURRENT (A) 
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D = Regioad = 44 mV 


lout = OA—> 2.0A-—0A = ReGtherm = 0.0015%VQ/W 
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FIGURE 3 — TEMPERATURE STABILITY 
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FIGURE 5 — RIPPLE REJECTION versus FREQUENCY 
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FIGURE 4 — OUTPUT IMPEDANCE 
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FIGURE 6 — RIPPLE REJECTION versus 
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Vin-Vo. INPUT TO OUTPUT 
VOLTAGE DIFFERENTIAL (Vdc) 


AVo, OUTPUT VOLTAGE 


DEVIATION (V) 


Vin, INPUT 
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MC78T00 Series 


FIGURE 9 — DROPOUT VOLTAGE 
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FIGURE 11 — LINE TRANSIENT RESPONSE 
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FIGURE 13 — MAXIMUM AVERAGE POWER 
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FIGURE 10 — PEAK OUTPUT CURRENT 
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FIGURE 12 — LOAD TRANSIENT RESPONSE 
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APPLICATIONS INFORMATION 


DESIGN CONSIDERATIONS 

The MC78T00,A Series of fixed voltage regulators are 
designed with Thermal Overload Protection that shuts 
down the circuit when subjected to an excessive power 
overload condition, Internal Short-Circuit Protection 
that limits the maximum current the circuit will pass, 
and Output Transistor Safe-Area Compensation that 
reduces the output short circuit current as the voltage 
across the pass transistor is increased. 

In many low current applications, compensation 
Capacitors are not required. However, it is recom- 
mended that the regulator input be bypassed with a 


FIGURE 15 — CURRENT REGULATOR 


Constant 
as Current to 
lo Grounded Load 


The MC78T05 regulator can also be used as a current 
source when connected as above. In order to minimize 
dissipation, the MC78T05 is chosen in this application. 
Resistor R determines the current as follows: 


jase 5.0V +1 
0 ~_~ B 
A lg = 0.7 mA over line, load and temperature changes 
lp =3.5mA 


For example, a 2-ampere current source would require R 
to be a 2.5 ohm, 15 W resistor and the output voltage 
compliance would be the input voltage jess 7.5 volts. 


FIGURE 17 — CURRENT BOOST REGULATOR 
2N4398 or Equiv 


Input 


XX = 2 digits of type number indicating voltage. 


The MC78TO0,A series can be current boosted with a PNP 
transistor. The 2N4398 provides current to 15 amperes. 
Resistor R in conjunction with the Ve of the PNP deter- 
mines when the pass transistor begins conducting; this 
circuit is not short-circuit proof. input-output differential 
voltage minimum is increased by the Vge of the pass 
transistor. 


FIGURE 19 — STANDARD APPLICATION 


MC78TXX 


capacitor if the regulator is connected to the power sup- 
ply filter with long wire lengths, or if the output load 
capacitance is large. An input bypass capacitor should 
be selected to provide good high frequency character- 
istics to insure stable operation under ail load condi- 
tions. A 0.33 «F or larger tantalum, mylar, or other 
capacitor having low internal impedance at high fre- 
quencies should be chosen. The bypass capacitor 
should be mounted with the shortest possible leads 
directly across the regulator's input terminals. Normally 
good construction techniques should be used to mini- 
mize ground loops and lead resistance drops since the 
regulator has no external sense lead. 


FIGURE 16 — ADJUSTABLE OUTPUT REGULATOR 


Output 


0.1 
uF 


Vo, 8.0 V to 20 V _ 
Vin-Vo 2 2.5 V 

The addition of an operational amplifier allows adjust- 
ment to higher or intermediate values while retaining 
regulation characteristics. The minimum voltage obtain- 
able with this arrangement is 3.0 volts greater than the 
regulator voltage. 


FIGURE 18 — CURRENT BOOST WITH 
SHORT-CIRCUIT PROTECTION 


2N4398 
Input Rg or Equiv 


MJ2955 
or Equiv 


MC78TXX,A 
Output 


XX = 2 digits of type number indicating voltage. 


The circuit of Figure 17 can be modified to provide supply 
protection against short circuits by adding a short-circuit 
sense resistor, Rsc, and an additional PNP transistor. The 
current sensing PNP must be able to handle the short- 
circuit current of the three-terminal regulator. Therefore, 
an eight-ampere power transistor is specified. 


A common ground is required between the input and 
the output voltages. The input voltage must remain typ- 
ically 2.2 V above the output voltage even during the low 
point on the input ripple voltage. 

XX = these two digits of the type number indicate 
voltage. 
= Cjn is required if regulator is located an appreciable 
distance from mower supply filter. (See Applica- 
tions Information for details.) 
** = Co is not needed for stability; however, it does 
improve transient response. 
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THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 


The MC7900 Series of fixed output negative voltage regulators THREE-TERMINAL 
are intended as complements to the popular MC7800 Series NEGATIVE FIXED 
devices. These negative regulators are available in the same VOLTAGE REGULATORS 
seven-voltage options as the MC7800 devices. In addition, one 
extra voltage option commonly employed in MECL systems is 
also available in the negative MC7900 Series. 

Available in fixed output voltage options from —5.0 to -24 
volts, these regulators employ current limiting, thermal shut- 
down, and safe-area compensation — making them remarkably 
rugged under most operating conditions. With adequate heat- 
sinking they can deliver output currents in excess of 1.0 ampere. 


@ No External Components Required i @ @ 
@ internal Thermal Overload Protection Gnd Output 
@ Internal Short-Circuit Current Limiting K SUFFIX 

@ Output Transistor Safe-Area Compensation METAL PACKAGE 


@ Available in 2% Voltage Tolerance (See Ordering Information) CASE 1 


(Bottom View) 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


SCHEMATIC DIAGRAM 


PIN 1. GROUND 
2. INPUT 


3.OUTPUT 1% (Heatsink surface 
connected to 
Pin 2) 


STANDARD APPLICATION 


A common ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V more negative 
even during the high point on the input ripple 
voltage. 


ORDERING INFORMATION 
Output Voltage Tested Operating 
Device Tolerance Junction Temp. Range Package 
MC79XXCK A% Metal Power** 
MC79XXACK* 2% 
Ty = O°C to + 125°C 


XX = these two digits of the type number indi- 
cate voltage. 
* =Cin is required if regulator is located an 
appreciable distance from power supply 
filter. 


** =Co improves stability and transient re- 
sponse. 


MC79XXCT Plastic Power 
MC79XXACT* 


MC79XXBT# ~ 40°C to + 126°C 
XX indicates nominal voltage. DEVICE TYPE/ NOMINAL OUTPUT VOLTAGE 


*2% output voltage tolerance available in 5, 12 and 15 volt devices. 
**Metal power package available in 5, 12 and 15 volt devices. MC7905 5.0 Volts | MC7912 12 Volts 
#Automotive temperature range selections are available with special test conditions and ME7I05 2 - 5-2 Volts | MC7S15 15 Volts 
er " : : MC7906 6O0Volts | MC7918 18 Volts 
eee tests in 5, 12 and 15 volt devices. Contact your local Motorola sales office for MC7908 8.0 Volts | MC7924 24 Volts 
information. 
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MAXIMUM RATINGS (Ta = +25°C untess otherwise noted.) 


Input Voltage (-5.0 V > V, > -18 V) 
(24 V) 

Power Dissipation 
Plastic Package 


Ta = +25°C Internally Limited 
Derate above Ta = +25°C 15.4 
Tc = +25°C Internally Limited 


Derate above Tc = +95°C (See Figure 1) 200 


Metal Package 


Ta = +25°C Internally Limited 
Derate above Ta = +25°C 22.2 
To = +25°C Internally Limited 


Derate above Tc = +65°C 182 


Storage Junction Temperature Range -65 to +150 
Junction Temperature Range 0 to +150 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Ambient — Plastic Package 
— Metal Package 
Thermal Resistance, Junction to Case — Plastic Package 
— Metal Package 


Output Voltage (Ty = +25°C) 

Line Regulation (Note 1) 
(Ty = +25°C, Ig = 100 mA) 
-7.0 Vde > V| = -25 Vde 
-8.0 Vde > V| 2 -12 Vde 


(Ty = +25°C, lg = 500 mA) 
-7.0 Vde 2 V; = ~25 Vde 
~8.0 Vde = V| = -12 Vde 
Load Regulation (Ty = +25°C) (Note 1) 
5SOMACIQS<1.5A 
250 mA< Ig < 750 mA 


Output Voltage 
-7.0 Vde 2 Vj 2-20 Vde, 50 MAS IQ < 10A P< 15 W 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
~7.0 Vde > Vj 2 -25 Vde 
SOMA<IQGS15A 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection (Iq = 20 mA, f = 120 Hz) 


Dropout Voltage 
lo = 1.0A, Ty = +25°C 


Note: 
1. Load and line regulation are specified at constant junction temperature. Changes In Vg due to heating effects must be taken into account separately. 


Pulse testing with low duty cycle is used. 
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MC7900 Series 


MC7905AC ELECTRICAL CHARACTERISTICS (v, = -10 V., Ig = 500 mA, 0°C < Ty < +125°C unless otherwise noted.) 


Characteristic Symbol 
Output Voltage (Ty = +25°C) Vo 
Line Regulation (Note 1) Regjine 


-8.0 Vde 2 V| > -12 Vdc; Iq = 1.0 A, Ty = 25°C 

~8.0 Vde 2 V) > -12 Vdei Ip = 1.0A 

-7.5 Vde 2 V| = -25 Vdc; Io = 500 mA 

-7.0 Vde > V\ > -20 Vdc; Iq = 1.0 A, Ty = +25°C 

Load Regulation (Note 1) 
5.0mMA< 19 <15A, Tj = +25°C 
250 mMA< Ig < 750 MA 

5.O0mMA<IQ<1.0A 


Output Voltage 
-7.8 Vde 2 Vj > -20 Vde, 50 MA<1IQ9<1.0A,P<15W 


Regioad 


Input Bias Current 


Input Bias Current Change 
-7.5 Vde = Vi = -25 Vde 
SOMASIQS10A 

5OmA< 1g <1.5A, Ty= 25°C 

Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

Ripple Rejection (lg = 20 mA, f = 120 Hz) 

Dropout Voltage 

lo = 1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 
to = 5.0 mA, O°C = Ty < +125°C 


Vi-Vo 
AVo/ AT 


Line Regulation (Note 1) 
(Ty = +25°C, Iq = 100 mA} 

-7.2 Vde 2 V| 2 -25 Vde 
-8.0 Vde 2 V) = -12 Vde 

(Ty = +25°C, Iq = 500 mA) 

-7.2 Vde 2 Vy 2 -25 Vde 

~8.0 Vde > Vj 2-12 Vde 

Load Regulation (Ty = +25°C) (Note 1) 
5OmMmMA< Igo <15A 

250 mA < Ig < 750 mA 


Output Voltage 
-7.2 Vde 2 Vj 2 -20 Vde, 5.0 mA< Ig: 10A, Ps 15 W 


Input Bias Current (Ty = +25°C) lie — 


Ow N © 
om NO 
nS No 
NG NON 
3 
< 


mV 
12 105 
45 52 


Input Bias Current Change 
-7.2 Vde 2 V| 2 -25 Vde 
5.OMA<IQ<1.5A 


Output Noise Voltage (7a = +25°C 10 Hz< f= 100 kHz) za 
Ripple Rejection (Ig = 20 mA, f = 120 He) ie eee 


Dropout Voltage Vi-Vo 
lo = 1.0A, Ty = +25°C 

Average Temperature Coefficient of Output Voltage 

lo = 5.0mA, O°C < Ty < +125°C 
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Note: 
1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 


Pulse testing with low duty cycle is used 
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MC7900 Series 


MC7906C ELECTRICAL CHARACTERISTICS (Vv, = -11 V, Ig = 500 mA, 0°C < Ty < +125°C unless otherwise noted.) 


Characteristic Symbol Min Typ Max Unit 
Output Voltage (Ty = +25°C) Vo ~5.75 -6.0 ~6.25 


Line Regulation (Note 1) Regline 
(Ty = +25°C, Iq = 100 mA) 
-8.0 Vdc > V\ > -25 Vdc 
~9.0 Vde > Vj > -13 Vide 
(Ty = +25°C, Ig = 500 mA) 
-8.0 Vde > Vj > -25 Vde 

-9.0 Vde > V) > -13 Vde 

Load Regulation (Ty = +25°C) (Note 1) 

5.OmMA<IQO<1.5A 

250 mMA< Io < 750 mA 

Output Voltage 

~8.0 Vdc > Vi > -21 Vdc, 50 MA<IQg<10A,P<15W 

Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
-8.0 Vde > V| > -25 Vdc 
SOmMASIQ9<1.5A 


Output Noise Voltage (Ta = +25°C, 10 Hz< 
Ripple Rejection (lg = 20 mA, f = 120 Hz) 


Dropout Voltage 
Io = 1.0A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage AVO/ AT 
lo = 5.0 mA, O9C < Ty < +125°C 


Characteristic 
Output Voltage (Ty = +25°C} 


Line Regulation (Note 1) 
(Ty = +25°C, lg = 100 mA) 
-10.5 Vde = V, 2 -25 Vdc 
-11 Vde > V; > ~17 Vde 
(Ty = +25°C, Ig = 500 mA) 
-10.5 Vde > Wj 2 -25 Vde 
-11 Vde = Vj > ~17 Vdc 


Load Regulation (Tj = +25°C) (Note 1) Regioad 
5OMA<IQ<1.5A 
250 mA< Ig < 750 mA 

Output Voltage 
-10.5 Vde 2 Vj = -23 Vdc, 5OmMA<1Q9< 10A,P<15W 


Input Bias Current (Ty = +25°C) = 


Input Bias Current Change AliB 
-10.5 Vde > Vj > -25 Vde 
5OmMASIQ<15A 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 


Ripple Rejection (Ig = 20 mA, f = 120 Hz) a 


< f< 100 kHz} 


Dropout Voltage 
lo = 1.0 A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage AVQ/ AT 
Io = 5.0 mA, O°C < Ty S +125°C 


Note: 
1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with iow duty cycle is used 
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MC7915C ELECTRICAL CHARACTERISTICS (Vv; = -23 V. Iq = 500 mA, 0°C < Ty < +125°C unless otherwise noted.) 


Line Regulation (Note 1) Regine 
(Ty = +25°C, Ig = 100 mA) 
-17.5 Vde > Vy > -30 Vde 
~20 Vde 2 V| > -26 Vdc 


(Ty = +25°C, Ig = 500 mA) 
-17.5 Vde > V, > -30 Vde 
-20 Vde > V| > -26 Vde 


Load Regulation (Tj = +25°C) (Note 1) 
5OMA<IQ<1.5A 
250 mA< Ig < 750 mA 


Output Voltage Vo -1425 
-17.5 Vde > VW) 2 -30 Vdc, 5OmA<IQD<1.0A P< 15W 


Input Bias Current (Ty = +25°C) 


Input Bias Current Change 
-17.5 Vde > V) > -30 Vde 
5OMA<IQG<1.5A 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) on 


< 
is) 


14 150 
6.0 


150 


3 


Ww 
Q a 
pa 
< < 


-15.75 Vdc 


3 
> 


Dropout Voltage Vi-Vo 
Io = 1.0 A, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 3VO/ AT 
Ig = 5.0mA, OPC < Ty < +125°C 


< 
Q 
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ia 
ics) 
t NO NO 
tee fe | ; 
on 
ao 


fl 
oO 


mV/°C 
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Characteristic 
Line Regulation (Note 1) Regine mV 
-20 Vde 2 Vj > -26 Vdc; Ig = 1.0 A, Ty = 25°C 
-20 Vde 2 V| > -26 Vde: IQ = 104A, 57 150 
57 150 
-17.5 Vde 2 V) > -30 Vde; Ip = 1.0 A, Ty = 26°C 57 150 
Load Regulation (Note 1) Regioad mV 
5.0mA< 19 < 1.5A, Ty = 25°C 68 150 
250 mA< Ig < 750 MA 25 75 
5OmMA<IQG<10A 40 150 
Output Voltage Vo -15.6 Vdc 
-17.9 Vde > Vi > -30 Vdc, 50mMA<!IQ9<10A PS 15 W 
Input Bias Current Change Ale mA 
-17.5 Vde > V, > -30 Vdc 0.8 
5OmMA<IQ<10A 0.5 
5.OmMA<1I9 <15A, Ty = 25°C 0.5 
Ripple Rejection (Io = 20 mA, f = 120 Hz) je 80 | De 
Average Temperature Coefficient of Output Voltage AVO/AT -1.0 mV/°C 
Ig = 5.0 mA, O°C < Ty < +125°C 
Note: 
1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 


Output Voltage (Ty = +25°C) 

-17.9 Vde > V| > -30 Vdc; Iq = 500 mA 
Input Bias Current eae a Ce) CT 
Dropout Voltage Vi-Vo 2.0 Vdc 

lo = 1.0A,Ty = +25°C 

Pulse testing with low duty cycle is used 
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MC79:00 Series 


MC7912C ELECTRICAL CHARACTERISTICS (V, = -19 V, Ig = 500 mA, 0°C < Ty < +125°C untess otherwise noted.) 


Characteristic | Symbol | 


Output Voltage (Ty = +25°C) 
Line Regulation {Note 1) 
(Ty = +25°C, Ig = 100 mA) 
-14.5 Vde > V) > -30 Vdc 


< 
uv 


ei ula 
4; 
w nN 


pf 
< < 


Vde 


Regiine 


120 


-16 Vde > V, > -22 Vde 6.0 60 
(Ty = +25°C, Iq = 500 mA) 

-14.5 Vde > V| > -30 Vdc 55 240 
-16 Vde > V > -22 Vdc 24 120 


Load Regulation (Tj = +25°C) (Note 1) 
5OmMA<IQ<1.5A 
250 mA< Ig < 750 mA 


Output Voltage Vo 
-14.5 Vde 2 Vj > -27 Vde, 50 mMA<1IQg<10A,P<15W 


Input Bias Current (Ty = +25°C) 


240 
120 


Ei 
oO 
2 
° 
o 
Q 
= 5 
NO 

3 


Vdc 


Input Bias Current Change 
-14.5 Vdc > V; > -30 Vdc 
5.OmMA<IQ<1.5A 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz} 


Ripple Rejection (Ig = 20 mA, f = 120 Hz) | RR 


Dropout Voltage Vi-Vo 2.0 
lo = 10A, Ty = +25°C 


1 
o- =. 
no N 
fe. 

3 

> 


a 
oO 


= 
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Characteristic 
Output Voltage (Ty = +25°C) 


Line Regulation (Note 1) 

-16 Vdc > V) > -22 Vde; Ip = 1.0A, Ty = 25°C 

-16 Vde > V| > -22 Vde: IQ = 1.0A, 

-14.8 Vde > Vi = -30 Vdc; Iq = 500 mA 

-14.5 Vde > Vi > -27 Vde; lg = 1.0 A, Ty = 25°C 
Load Regulation (Note 1) 

5.OmMA<IQ9<1.5A, Ty = 25°C 

250 mA < Ig < 750 mA 

5OMAS!IQ<1.0A 


Output Voltage 


-14.8 Vde > Vi > -27 Vde, BO MAS IQ<10A,P< 15 W 


Input Bias Current 


Input Bias Current Change 
-15 Vde > V) > -30 Vde 
5OmMA<IQO<1.0A 
5.0mA<I9 < 1.5A, Ty = 25°C 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 


Ripple Rejection (Ip = 20 mA, f = 120 Hz) 


Dropout Voltage 
lo = 1.0A, Ty = +25°C 

Average Temperature Coefficient of Output Voltage 
19 = 5.0 mA, O°C < Ty < +125°C 


Note: 
1. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-176 


MC7900 Series 


MC7918C ELECTRICAL CHARACTERISTICS (Vv = -27 V, Ip = 500 mA, 0°C < Ty < +125°C unless otherwise noted.) 


[| Characteristic | Symbol | tye | Max [Unit | 
mV 
mV 
Vde 


yp 
Line Regulation (Note 1) Redline 
(Ty = +25°C, Iq = 100 mA) 
25 180 
10 90 
90 360 
50 180 


-21 Vde > Vy > -33 Vde 
-24 Vde > V| > -30 Vde 


(Ty = +25°C, Iq = 5CO mA) 
-21 Vde > V > -33 Vde 
-24 Vde > V) > -30 Vde 


Load Regulation (Ty = +25°C) (Note 1) Regioad 
5OMA<IQ<15A — 110 360 
250 mMA< Ig < 750 mA -_ 55 180 
Output Voltage Vo -17.4 -18.9 
~21 Vde 2 Vj > -33 Vdc, 5O mMA< 19 <1.0A,P< 15 W 


AB mA 
1.0 
0.5 
Output Noise Voltage (Ta = +25°C, 10 Hz< f < 100 kHz) ain | wo | —- [| w | 


Dropout Voltage Vi-Vo 2.0 Vde 
lo = 10A,Ty = +25°C 
Average Temperature Coefficient of Output Voltage AVQ/AT — mV/°C 
lg = 5.0 mA, O°C < Ty < +125°C 


MC7924C ELECTRICAL CHARACTERISTICS (v, = -33 V. Ig = 500 mA. 0°C < Ty < +125°C unless otherwise noted.) 


[Characteristic «| ‘Symbl_| [te | Mex [Ua] 


Vdc 

Line Regulation (Note 1) mV 
mV 

dc 


Input Bias Current Change 
-21 Vde > V| > -33 Vde 
SOMA<IQ<1.5A 


-30 Vde = V| 2 -36 Vdc 


Load Regulation (Ty = +25°C) (Note 1) 
5BOMASIQ<15A 

250 MA< 19 < 750 mA 
Output Voltage 
-27 Vde 2 V| 2 -38 Vdc, 5O MA< Ig = 1.0A,P< 15 W 


Input Bias Current (Ty = +25°C) 


Regiine 
(Ty = +25°C, lo= 100 mA) 
31 240 
14 120 
118 480 
70 240 


-27 Vde > V > -38 Vde 
-30 Vde > V\ = -36 Vdc 
Regioad 
150 480 
85 240 
eco ee ee = : 


(Ty = +25°C. Ig = 500 mA) 
| 46 | 80 Tm 
Cc 


Input Bias Current Change Alig 


-27 Vdc > V) > -38 Vdc 
BOmMA<Ig<15A 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 


Ripple Rejection (Iq = 20 mA, f = 120 Hz) [RR 


-27 Vde 2 V) > -38 Vde 
mA 
10 
0.5 


La! 
See eee 
a ee oot 


u 
Dropout Voltage Vd 
lo = 1.0A, Ty = +25°C 
Average Temperature Coefficient of Output Voltage AVo/3T = mvV/°C 
Io = 5.0 mA, O°C < Ty < +125°C 
Note: 


1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 


46 
= 
1.0 


Vv 
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Pp, POWER DISSIPATION (WATTS) 


MC7900 Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 ~ WORST CASE POWER DISSIPATION AS A 


FUNCTION OF AMBIENT TEMPERATURE 


20 
\==—sa 
aes 


O jn = B5°C/W 
Pp (Max) = 15 W 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — PEAK OUTPUT CURRENT AS A FUNCTION OF 


Ig, OUTPUT CURRENT (AMPERES) 


0 30 60 90 12 1§ 18 


RR, RIPPLE REJECTION (dB) 


“0 
20 #40 60 80 10 12 14 16 18 20. (22 
Vo. QUTPUT VOLTAGE (VOLTS) 


INPUT-OUTPUT DIFFERENTIAL VOLTAGE 
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1Vi-Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 5 — RIPPLE REJECTION AS A FUNCTION OF 


OUTPUT VOLTAGES 


FIGURE 2 — WORST CASE POWER DISSIPATION AS A 


Pp, POWER DISSIPATION (WATTS) 


RR, RIPPLE REJECTION (dB) 


6.18 


Vo, OUTPUT VOLTAGE (-VOLTS) 


-25 0 +25 +50 +75 


FUNCTION OF AMBIENT TEMPERATURE 


0-7-7 J 


bya = 45°CW 
Po (Max) = 15 W 
50 75 100 125 150 
Tag, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 
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f, FREQUENCY (Hz) 


FIGURE 6 — OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 
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MC7900 Series 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 — QUIESCENT CURRENT AS A FUNCTION DEFINITIONS 

OF TEMPERATURE Line Regulation The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 


Load Regulation The change in output voltage for a change in 
joad current at constant chip temperature. 


Maximum Power Dissipation - The maximum total device dissi- 
pation for which the regulator will operate-within specifications. 


Input Bias Current That part of the input current that is not 
delivered to the load. 


Output Norse Voltage The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre- 
quency range 


\tg, INPUT BIAS CURRENT (mA) 


Bev eeeeeee 


Rai eneeae 


Long Term Stability Output voltage stability under accelerated 
Ty, JUNCTION TEMPERATURE (°C) life test conditions with the maximum rated voltage listed in the 
devices’ electrical characteristics and maximum power dissipation. 


APPLICATIONS INFORMATION 


Design Considerations FIGURE 8 — CURRENT REGULATOR 
The MC7900 Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, internal 
Short-Circuit Protection that limits the maximum current the cir- Input 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voitage across the 
pass transistor is increased. 
In many low current applications, compensation capacitors are 
not required. However, !t 1s recommended that the reguiator oe uF =| 0 WF 
input be bypassed with a capacitor if the regulator 1s connected Gnd e ] J @ Gnd 
to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be The MC7905,-5.0 V regulator can be used as a constant current 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 wF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should in = 5.0V 
be mounted with the shortest possible leads directly across the reg- 0 
ulators input terminals, Normally good construction techniques 


source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 


+IB 


The quiescent current for this regulator is typically 4.3 mA. 


should be used to minimize ground loops and lead resistance The 5.0 volt regulator was chosen to minimize dissipation and to 
drops since the regulator has no external sense lead. Bypassing the allow the output voltage to operate to within 6.0 V below the 
Output Is also recommended. input voltage. 


FIGURE 9 — CURRENT BOOST REGULATOR FIGURE 10 — OPERATIONAL AMPLIFIER SUPPLY 
(-5.0 V@ 4.04, with 5.0 A current limiting) (+15 V@1.0A) 
-10 V 056 -5O0V 


t t 
Outou +20V s415V 


Input Output 
MC7815 


2N3055° 
or Equiv 


0.33 uF 
0 or Equiv 
MC7906 Gnd Gnd 
O 
O 
MC7915 
Gnd Gnd -20 V -18 V 
*Mounted on common heat sink , Motorola MS-10 or equivalent. Input Output 
When a boost transistor is used, short-circuit currents are equal 
to the sum of the series pass and regulator limits, which are at , 
measured at 3.2 A and 1.8 A respectively in this case. Series pass The MC7815 and MC7915 positive and negative regulators may 
limiting is approximately equal to 0.6 V/Rsgc. Operation beyond be connected as shown to obtain a dual power supply for oper- 
this point to the peak current capability of the MC7905C is pos- ational amplifiers. A clamp diode should be used at the output of 
sible if the regulator is mounted on a heat sink; otherwise thermal the MC7815 to prevent potential latch-up problems whenever the 
shutdown will occur when the additional load current is picked up output of the positive regulator (MC7815) is drawn below ground 


by the regulator. with an output current greater than 200 mA. 
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MOTOROLA 


m= SEMICONDUCTOR oxy 


TECHNICAL DATA 


THREE-TERMINAL LOW CURRENT 
NEGATIVE VOLTAGE REGULATORS 


The MC79L00 Series negative voltage regulators are inexpen- 
sive, easy-to-use devices suitable for numerous applications re- 
quiring up to 100 mA. Like the higher powered MC7900 Series 
negative regulators, this series features thermal shutdown and 
current limiting, making them remarkably rugged. In most appli- 
cations, no external components are required for operation. 

The MC79L00 devices are useful for on-card regulation or any 
other application where a regulated negative voltage at a modest 
current level is needed. These regulators offer substantial advan- 


Series 


MC79L00,A 


THREE-TERMINAL LOW 
CURRENT NEGATIVE FIXED 


VOLTAGE REGULATORS 


2. INPUT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 29 


PIN 1. GROUND 


tage over the common resistor/zener diode approach. 
@ No External Components Required 

@ Internal Short-Circuit Current Limiting 

@ Internal Therma! Overioad Protection 

@ Low Cost 


@ Complementary Positive Regulators Offered 
(MC78L00 Series) 


® Available in Either +5% (AC) or + 10% (C) Selections 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Device No. + 10% Device No. +5% 


Nominal Voltage 


MC79L05C MC79LO5AC ~§.0 
MC79L12C MC79L12AC —12 
MC79L15C MC79L15AC ~15 
MC79L18C MC79L18AC -—18 
MC79L24C MC79L24AC -24 MC79LXXCP 


3. OUTPUT 


G SUFFIX 
METAL PACKAGE 
CASE 79 


PIN 1. GROUND 1 
2. OUTPUT 241 
3. INPUT 


(Bottom View} 
(Case Connected To Pin 3) 


D SUFFIX 
PLASTIC PACKAGE 


& CASE 751 


1 (SOP-8) 


PIN 1. Vout 5. GND 
2. VIN 6. VIN 
3. VIN 7. VIN 
4 NC 8. NC 


SOP-8 is an internally modified SO-8 Package. Pins 
2, 3, 6 and 7 are electrically common to the die 
attach flag. This internal lead frame modification 
decreases package thermal! resistance and 
increases power dissipation capability when 
appropriately mounted on a printed circuit board. 
SOP-8 conforms to all external dimensions of the 
standard SO-8 Package. 


ORDERING INFORMATION 


Tested Operating 
Temperature Range | Package 


SOP-8 
Metal Can 


Ty = O°C to +125°C | Plastic Power 


#Automotive temperature range selections are available with special test conditions and 


Plastic Power 
MC79LXXABP# [Ty = — 40°C to nase 


additional tests in 5, 12 and 15 volt devices. Contact your local Motorola sales office for 


information. 


XX indicates nominai voltage 
“Available in 5, 12 and 15 volt devices 
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MC79L00,A Series 


MAXIMUM RATINGS (T, = + 25°C unless otherwise noted.) 


Input Voltage (-5V) -30 
(-12,-15,- 18 V) -35 


(-24 V) ~ 40 
Storage Temperature Range 


Junction Temperature Range 


MC79LOSC, AC Series ELECTRICAL CHARACTERISTICS (Vv, = -10 V, Io = 40mA, Cy = 0.33 uF, Co = 0.1 uF, 
0°C < Ty < +125°C unless otherwise noted.) 


MC79LO5AC 
Characteristic Symbol | Min | 
Output Voltage (Ty = +25°C) 


Input Regulation 
(Ty = +26°C} 
-7.0 Vde 2 V1 > -20 Vdc 
> V| 2-20 Vde 
Load Regulation 
Ty = +25°C, 1.0MA < IQ < 100mA 
1.0mA < 19 <40mA 
Output Voltage 
-7.0 Vde 2 Vj = -20 Vde, 1.0mMA< 19g <40mMA 
Vi_=-10 Vde, 10mMA<IQ< 70MA 
input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
-8.0 Vde > Vy 2 -20 Vde 
1.0mA < 19g <40mA 
Output Noise Voltage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection 
(-8.0 > Vj .- 18 Vde, f= 120 Hz, Ty 25°C) 
Dropout Voltage 
lo = 40 mA, Ty = +25°C 


MC79L12C, AC ELECTRICAL CHARACTERISTICS (vy = -19V. Ig = 40 mA, C, -0.33uF,CQ=O014F, 


occ < Ty< +125°C unless otherwise noted.) 


Characteristic Typ [ Max | Min | Typ 


Output Voltage (Ty = +25°C) -129 -115 
Input Regulation 
(Ty = +25°C) 
-14.5 Vde - Vy- -27 Vde 
-16 Vde = V) > -27 Vac 
Load Regulation 
Ty = +25°C,1.0mA- 19% 100mA 
1.0mA-- 19s 40mA 
Output Voltage 
-14.5 Vde - Vy .° -27 Vde, 1.0MA*% !Q = 40mA 
Vi, = -19 Vde, 10MA~=!Q% 70mMA 
Input Bias Current 
(Ty = +25°C) 
iTy = +125°C) 
Input Bias Current Change 
-16 Vde & Vy - -27 Vdc 
10mMA <1Qg = 40mA 
Output Noise Voltage 
(Ta = +25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection 
(-15 < V < -25 Vdc, f = 120Hz, Ty = +25°C) 


1 
= 
N 


o- ‘ 
No 


» 
nN 


- 
a 


Dropout Voltage 
lo = 40 mA, Ty = +25°C 
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MC79L00,A Series 


MC79L 15C, AC ELECTRICAL CHARACTERISTICS (Vj = -23 V, 19 = 40 mA, C; = 0.33 uF, Co = 0.1 uF, 


0°C < Ty < +125°C unless otherwise noted.) 


Sa [ mc7enisc ——CiEC cL IsAC 
Output Voltage (Ty = +25°C) | Yo | 


Pas [os [62 [oee [is] ois6 | 
input Regulation Redline 
(Ty = 425°C) 
-17.5 Vde > V| > -30 Vde 
~20 Vde > Vj > -30 Vdc Pe intatetete 
a ae, mi ESTES ee 
150 


r : nee een 2 on ETrAES 
75 


1.0mA < Ig < 40mA 
Output Voltage 
-17.§ Vde > V\ 2 -30 Vde, 1.0mA <!1Q <40mA 
V) = ~23 Vde, 1.0 mA < IQ <70MA 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
-20 Vde > V; > -30 Vdc 
TOMA <ig <40mA 


Output Noise Voltage 
(Ta = +25°C, 10 Hz < £ < 100 kHz) 


Ripple Rejection 
(-18.5 < Vy < -28.5 Vdc, f = 120 Hz) 
Dropout Voltage IVi-Vol 
lo = 40 mA, Ty = +25°C 


MC79L18C, AC ELECTRICAL CHARACTERISTICS (v, = -27V, 19 = 40 mA, C) = 0.33 uF, Co = 0.1 uF, 


0°C < Ty < +125°C unless otherwise noted.) 


Output Voltage (Ty = +25°C) 
Input Regulation 
(Ty = +25°C) 
-20.7 Vde > Vj > -33 Vde 
-21.4 Vdc 2 V, 2-33 Vde 
-22 Vde > V; > -33 Vde 
-21 Vde = V) > -33 Vde 
Load Regulation 
Ty= +26°C,1.0mMA < lg < 100 mA 
1.0mMA < 19g <40mA 
Output Voltage 
-20.7 Vde = a 2 -33 Vdc, 1.0 mAK< IQ < 40mA 
-21.4 Vde = > -33 Vdc, 10MA=!IQ <40mMA 
Vi = -27 a " OMA <IQg <70MA 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias ae Change 
-21 Vde 2 Vy > -33 Vde 
-27 Vde > 2 -33 Vde 
1.0mA < ak 
Output Noise Voltage 
(Ta= +25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection 
(-23 < V, < -33 Vde, f = 120 Hz, Ty = 


ak 


Dropout Voltage 
lo = 40 mA, Ty = +25°C 
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MC79L00,A Series 


MC79L24C, AC ELECTRICAL CHARACTERISTICS (v, = -33 V, Ig = 40 mA, Cy = 0.33 uF, Co =0.1HF, 
0°C < Ty < +125°C unless otherwise noted.) 


MC79L24C MC79L24AC 
Typ [| Max | min | Typ 


Input Regulation 
(Ty = +25°C) 
-27 Vdc > V, > -38 V 
-27.5 Vde > Vj > -38 Vde 
-28 Vdc > V\ 2 -38 Vde 
Load Regulation 
Ty = +25°C, 1.0mA < 1g < 100mA 
1.0mA <!g <40mA 
Output Voltage 
-27 Vde 2 Vj 27 -38V,1.0MA< Ig s 40MmA 
-28 Vde 2 V, 2 -38 Vde, 1 OMA <1Q<40MmA 
Vj =-33 Vde, 1.0mMA<lg <70mA 
Input Bias Current 
(Ty = +25°C) 
(Ty = +125°C) 
Input Bias Current Change 
-28 Vde 2 Vy > -38 Vde 
10mA <IQ <40mA 
Output Noise Voltage 
(Tp = +25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection 
(-29 < V, < -35 Vde, f = 120 Hz, Ty = 25°C) 
Dropout Voltage 
lo = 40 mA, Ty = +25°C 


APPLICATIONS INFORMATION: 


Design Considerations 

The MC79L00 Series of fixed voltage regulators are 
designed with Thermal Overload Protection that shuts 
down the circuit when subjected to an excessive power 
overload condition, Internal Short-Circuit Protection 
that limits the maximum current the circuit will pass. 

In many low current applications, compensation ca- 
pacitors are not required. However, it is recommended 
that the regulator input be bypassed with a capacitor if 
the regulator is connected to the power supply filter 
with long wire lengths, or if the output load capacitance 


FIGURE 1 — POSITIVE AND NEGATIVE REGULATOR 
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is large. An input bypass capacitor should be selected 
to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 uF or 
larger tantalum, mylar, or other capacitor having low 
internal impedance at high frequencies should be cho- 
sen. The bypass capacitor should be mounted with the 
shortest possible leads directly across the regulator's 
input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead re- 
sistance drops since the regulator has no external sense 
lead. Bypassing the output is also recommended. 


FIGURE 2 — STANDARD APPLICATION 


A common ground is required between the input and 
the output voltages. The input voltage must remain typ- 
ically 2.0 V above the output voltage even during the 
low point on the input ripple voltage. 


* 


= Cy is required if regulator is located an appreciable 
distance from power supply filter. 


** = Co improves stability and transient response. 
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MC79L00,A Series 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 
FIGURE 4 — DROPOUT VOLTAGE versus 


FIGURE 3 — DROPOUT CHARACTERISTICS JUNCTION TEMPERATURE 
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MOTOROLA 


m= SEMICOND ae . 
TECHNICAL ae Series 


MC79M00 


THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS THREE-TERMINAL 
NEGATIVE FIXED 
VOLTAGE REGULATORS 
The MC79M00 Series of fixed output negative voltage regula- 
tors are intended as complements to the popular MC78M00 Series SILICON MONOLITHIC 
devices. INTEGRATED CIRCUITS 


Available in fixed output voltage options of —5.0, —-12 and 
— 15 volts, these regulators employ current limiting, thermal shut- 
down, and safe-area compensation — making them remarkably 
rugged under most operating conditions. With adequate heat- 
sinking they can deliver output currents in excess of 0.5 ampere. 
@ No External Components Required 
@ Internal Thermal Overload Protection 
@ Internal Short-Circuit Current Limiting 


@ Output Transistor Safe-Area Compensation 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


PIN 1. GROUND 


2. INPUT 
EQUIVALENT ATI 
QUIVALENT SCHEMATIC DIAGRAM 3. OUTPUT 


(Heatsink surface 
connected to Pin 2} 


2 


3 1 
DT SUFFIX ra DT-1 SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 
CASE 369A CASE 369 
(DPAK) (DPAK) 


STANDARD APPLICATION 


MC79XX 


Acommon ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 1.1 V more nega- 
tive even during the high point on the input 
ripple voltage. 


ORDERING INFORMATION 


Output 
Voltage 


Tested Operating 
Junction Temp. Range 


Plastic Power 


Device 
MC79MOSCDT, CDT-1 
MC79MO5CT 
MC79M12CDT, CDT-1 
MC79M12CT 

MC79M15CDT, CDT-1 
MC79M15CT 


XX = these two digits of the type number 
indicate voltage. 


* = Cin ts required if regulator is located 
an appreciable distance from power 
supply filter. 


** = Co improves stability and transient 
response. 


—5.0 Volts 


O°C to + 125°C 


- 12 Volts 


— 15 Volts 
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MC79M00 Series 


MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


Input Voltage 


Power Dissipation 
Plastic Package, T-Suffix 
Ta = +25°C Internally Limited 
Derate above Ta = +25°C i 14.2 
To = +25°C Internally Limited 
Derate above Tc = +95°C 


Storage Junction Temperature Range -65 to +150 °C 
Junction Temperature Range 0 to +150 °C 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient R@jA 
Thermal Resistance, Junction to Case 


MC79MO5C ELECTRICAL CHARACTERISTICS (Vv, = - 10 V. Io = 350 mA, 0°C < Ty < +125°C unless otherwise noted.) 


Characteristic 


Output Voltage (Ty = + 25°C) 

Line Regulation (Ty = + 25°C) (Note 1) 
-7.0 Vde # V; = —25 Vde 
-—8.0 Vdc = Vj 2 - 18 Vde 


Load Regulation (Ty = + 25°C) (Note 1) 
5.0 MA < 19 < 500 mA 


Output Voltage 
-7.0 Vde = Vj = — 25 Vdc, 5.0 mA < Ig = 350 mA 


Input Bias Current (Ty = + 25°C) 


tnput Bias Current Change 
~ 8.0 Vde= Vj = - 25 Vde, lq = 350 mA 
5.0 mA = Iq = 350 mA, Vj = - 10 V 


Output Noise Voltage (Ta = + 25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection (f = 120 Hz) 


Dropout Voltage 
lo = 500 mA, Ty = + 25°C 
Average Temperature Coefficient of Output Voltage 
Io = 5.0 mA, 0°C = Ty = +125°C 
Note: 


1. Load and line regulation are specified at constant junction temperature. Changes in Vo due tu heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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MC79M00 Series 


MC79M12C ELECTRICAL CHARACTERISTICS (Vv; = - 19 V, Ico = 350 mA, 0°C < Ty < +125°C unless otherwise noted.) 


| symbot_| Min | Tye [Unit 
Output Voltage (Ty = +25°C) | vo | 


Line Regulation (Ty = +25°C) (Note 1) Regiine my 
— 14.5 Vde = V) = -30 Vde 80 mV 
50 
Load Regulation (Ty = + 25°C) (Note 1) Regioad my 
5.0 mA < Ig = 500 mA 
ae ae Re 


~15 Vde = V; = —25 Vde 
Output Voltage 
— 14.5 Vde = Vj = —30 Vdc, 5.0 mA < Io < 350 mA 


Input Bias Current (Ty = + 25°C) 


Input Bias Current Change 
— 14.5 Vde = Vi = —30 Vdc, Ilo = 350 mA 
5.0 MA < Ip < 350 MA, Yj = —19V 


Output Noise Voltage meneame icaee oo + 25°C, 10Hz < f < 100 kHz) Vn 


| Ripple Rejection (f= 120Hz2) Rejection (f = 120 Hz) | rR | 54 | wos 
Dropout Voltage Vi-Vo 
lq = 500 mA, Ty = +25°C 
Average Temperature Coefficient of Output Voltage AVo/AT mvV/°C 
IQ = 5.0 mA, 0°C < Ty = +125°C 


MC79M15C ELECTRICAL CHARACTERISTICS (Vv = -23 V, lo = 350 mA, 0°C < Ty < + 125°C unless otherwise noted.) 


Line Regulation (Ty = + 25°) (Note 1) 
-17.5 Vde = V| = —30 Vde 
— 18 Vde = Vi = - 28 Vdc 


Load Regulation (Ty = + 25°C) (Note 1) 
5.0 mA < Ig <= 500 mA 


Output Voltage 
-—17.5 Vde = Vi >= - 


Input Bias Current (Ty = + 25°C) 


Input Bias Current Change 
~ 17.5 Vde = Vj = —30 Vdc, Ilo = 350 mA 
5.0 mA < Ic < 350 mA, Vj = —23V 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 
Ripple Rejection (f = 120 Hz) 


Dropout Voltage 
\o = 500 mA, Ty = +25°C 


Average Temperature Coefficient of Output Voltage 
lo = 5.0 mA, 0°C:< Ty <= +125°C 


Note: 
1. Load and line regulation are specified at constant junction temperature. Changes in vo due to heating effects must be taken into account separately. 
Pulse testing with low duty cycle is used. 
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MOTOROLA 


ae eae 
ee Mc36060 


MC34060 


SWITCHMODE PULSE WIDTH MODULATION SWITCHMODE 
CONTROL CIRCUITS PULSE WIDTH MODULATION 
CONTROL CIRCUITS 
SILICON MONOLITHIC 
The MC35060 and MC34060 are low cost fixed frequency, pulse INTEGRATED CIRCUITS 


width modulation control circuits designed primarily for single 
ended SWITCHMODE power supply control. These devices feature: 


@ Complete Pulse Width Modulation Control Circuitry 

@ On-Chip Oscillator With Master or Slave Operation 

@ On-Chip Error Amplifiers 

@ On-Chip 5.0 Volt Reference 

@ Adjustable Dead Time Control 

@ Uncommitted Output Transistor for 200 mA Source or Sink 


P SUFFIX 
PLASTIC PACKAGE 


PIN CONNECTIONS CASE 646 


Non-Inv Non-Inv 
Input input 


Inv Inv 
Input Input 


Compen PWM 
Vret 
Comp Input 
Dead - Time 

Control 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


(Top View) 


ORDERING INFORMATION 


Temperature 
The MC34060 is specified over the cormmercial operating range of Device Range Package 
O°C to +70°C. The MC35060 is specified over the full military range MC35060L | -55 to +125°C | Ceramic DIP 


of -55 to +125°C. 


MC34060L 0 to +70°C Ceramic DIP 


MC34060P 0 to +70°C Plastic DIP 


SWITCHMODE is a trademark of Motorola Inc 
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FIGURE 1 — BLOCK DIAGRAM 


coe SS ee 71 
6 | 
O Ref 12 
5 Oscillator hake © Ref Out 
es Regulator 
RT 
| 
ct a | Dead-Time 10 
— = ] ~ Comparator O OVCC 
4 =0.12V 
O + 
Dead-Time =0.7V =. 
Control S 
9 
—) P.W.M, O 
Comparator Q1 8 
oO 
Gnd 
5 
Error Amp Feedback/P.W,M. Error Amp at 
1 Comparator Input 2 7 
FIGURE 2 — TIMING DIAGRAM 
Capacitor Cy ~~ | | | | | | 
Feedback/P.W.M, 
Comparator od 
Dead-Time Control ie | | | | | | | | | 
Output Qj, 
Emitter 
Description 


The MC35060/34060 is a fixed-frequency pulse width 
modulation control circuit, incorporating the primary 
building blocks required for the control of a switching 
power supply. (See Figure 1.) An internal-linear saw- 
tooth oscillator is frequency-programmable by two 
external components, Rt and Cy. The approximate 
oscillator frequency is determined by: 

Pee 
~ Rr eCcry 
For more information refer to Figure 3. 


fosc 


Output pulse width modulation is accomplished by 
comparison of the positive sawtooth waveform across 
capacitor Cy to either of two control signals. The output 
is enabled only during that portion of time when the 
sawtooth voitage is greater than the control signals. 
Therefore, an increase in control-signei amplitude 
causes a corresponding linear decrease of output pulse 
width. (Refer to the timing diagram shown in Figure 2.) 
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The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier inputs, or 
the feed-back input. The dead-time control comparator 
has an effective 120 mV input offset which limits the 
minimum output dead time to approximately the first 
4% of the sawtooth-cycle time. This would resuit in a 
maximum duty cycle of 96%. Additional dead time may 
be imposed on the output by setting the dead time- 
control input to a fixed voltage, ranging between 0 to 
3.3 V. 

The pulse width modulator comparator provides a 
means for the error amplifiers to adjust the output pulse 
width from the maximum percent on-time, established 
by the dead time control input, down to zero, as the 
voltage at the feedback pin varies from 0.5 to 3.5 V. Both 


error amplifiers have a common-mode input range from 
~0.3 V to (Vcc ~ 2 V), and may be used to sense power 
supply output voltage and current. The error-amplifier 
outputs are active high and are ORed together at the 
non-inverting input of the pulse-width modulator com- 
parator. With this configuration, the amplifier that 
demands minimum output on time, dominates control 
of the loop. 

The MC35060/34060 has an internal 5.0 V reference 
capable of sourcing up to 10 mA of load currents for 
external bias circuits. The reference has an internal 
accuracy of + 5% with a typical thermal drift of less than 
50 mV over an operating temperature range of 0 to 
+70°C. 


MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted) 


Rating 


Power Supply Voltage 


Collector Output Voitage 


Collector Output Current 


Amplifier Input Voltage 


Power Dissipation @ Ta < 45°C 


Operating Junction Temperature 
Plastic Package 
Ceramic Package 


Operating Ambient Temperature Range 


Storage Temperature Range 
Plastic Package 
Ceramic Package 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 
Power Derating Factor 


Derating Ambient Temperature 


Condition 


Power Supply Voltage 
Collector Output Voltage 


7 Leen 


-55 to 125 
-65 to 150 


Current Into Feedback Terminal 
Reference Output Current 
Timing Resistor 


Timing Capacitor 
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ELECTRICAL CHARACTERISTICS Vcc = 15 V, CT = 0.01 wF, RT = 12 kM unless otherwise noted. For typical values Ta = 25°C, 
for min/max vaiues Ta is the operating ambient temperature range that applies unless otherwise noted. 


Characteristic Symbol 


REFERENCE SECTION 


Reference Voltage 
(Ig = 1.0 mA) 


Input Regulation 
(Vcc = 7.0 V to 40 V) 


Output Regulation Regigad 
(Ilo = 1.0 mA to 10 mA) 

Short-Circuit Output Current Isc 
(Vref = 0 V) 


OUTPUT SECTION 


Collector Off-State Current 
(Vcc = 40 V, Vcg = 40 V) 


Emitter Off-State Current 
(Vcc = 40 V. Vc = 40 V, Ve = 0 V) 


Collector-Emitter Saturation Voltage 
Common-Emitter 
(VE = OV, I¢ = 200 mA) 
Emitter-Follower 
(Vc = 15 V, Ie = -200 mA) 


Output Voltage Rise Time (Ta = 25°C) 
Common-Emitter (See Figure 12) 
Emitter-Follower (See Figure 13) 


Output Voltage Fall Time (Ta = 25°C) 
Common-Emitter (See Figure 12) 
Emitter-Follower (See Figure 13) 


Characteristic Symbol Mic se0s0 MC as0e0 Unit 
| min | typ | max | 


ERROR AMPLIFIER SECTIONS 


Input Offset Voltage 
(VojPin 3} = 2-5 V) 


Input Offset Current 
(Vc[Pin 3] = 2.5 V) 


Input Bias Current 


(VorPin 3} = 2-5 V) 


Input Common-Mode Voltage Range 
(Vcc = 40V, Ta = 25°C) 


Open Loop Voltage Gain 
(AVoO = 3.0 V, Vo =. 0.5 to 3.5 V, RE = 2.0K) 
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ELECTRICAL CHARACTERISTICS Vcc = 15 V, Cy = 0.01 uF, Ry = 12 kO unless otherwise noted. For typical values Ta = 25°C, 
for min/max values Ta is the operating ambient temperature range that applies unless otherwise noted. 


Characteristic MC36060/MC34060 


ERROR AMPLIFIER SECTIONS (Continued) 


Unity-Gain Crossover Frequency fo _ 350 
(Vo = 0.5, to 3.5 V, Ry = 2.0 kN) 


Phase Margin at Unity-Gain dm _ 65 deg. 
(Vo = 0.5 to 3.5 V, Ry = 2.0 kf) 

Common-Mode Rejection Ratio CMRR 65 90 dB 
(Vcc = 40 V) 

Power Supply Rejection Ratio PSRR _ 100 _ dB 
(AVcc = 33 V, Vo = 2.5 V, RL = 2.0 k2) 

Output Sink Current lo- 0.3 0.7 _ mA 
(Vo[Pin 3] = 9.7 V) 

Output Source Current lot -2.0 -4.0 _ mA 


(VorPin 3] = 3.5 V) 
PWM COMPARATOR SECTION (Test circuit Figure 11) 


Input Threshold Voltage 
(Zero Duty Cycle) 


Input Sink Current 
(V[Pin 3] = 9.7 V) 


DEAD-TIME CONTROL SECTION (Test Circuit Figure 11) 


Input Bias Current (Pin 4) 
(Vin = 0 to 5.25 V) 


Maximum Output Duty Cycle 
(Vin = OV, CT = 0.01 wF, RT = 12 kO) 
(Vin = 0V, CT = 0.001 uF, Rt = 47 kO) 


Input Threshold Voltage (Pin 4) 
(Zero Duty Cycle) 
(Maximum Duty Cycle) 


OSCILLATOR SECTION 


Frequency fose _ 25 _ kHz 
(C7 = 0.001 uF, R= 47 kX) 
Standard Deviation of Frequency* ofosc a 3.0 _ % 
(CT = 0.001 pF, RT = 47 kQ) 
Frequency Change with Voltage Afosc(iV) _ 0.1 = % 
(Vcc = 7.0 V to 40 V, Ta = 25°C) 
Frequency Change with Temperature AfoselAT} % 
(ATA = Tiow to Thigh) _ _— 12 
(Cy = 0.01 uF, Rp = 12 kN) aad 
TOTAL DEVICE 
lec mA 
=_ 5.5 10 
— 7.0 15 
Is _ 7.0 = mA 
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Standby Supply Current 

(Pin 6 at Vre¢, all other inputs and outputs open) 
(Voc = 15 V) 
(Vcc = 40 V) 


Average Supply Current 
(ViPin 4) = 2.0 V, Cy = 0.001, Ry = 47 kf). See Figure 11. 
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FIGURE 3 — OSCILLATOR FREQUENCY 
versus TIMING RESISTANCE 


fo, OSCILLATOR FREQUENCY (Hz) 


10k 20k 50k 100k 
Rr. TIMING RESISTANCE (2) 


200k 500k 1 


FIGURE 5 — PERCENT DEAD-TIME versus 
OSCILLATOR FREQUENCY 


Voc =15 V 
ViPIN 4) = OV 


% DT, PERCENT DEAD-TIME, 1 OUTPUT 
Vv kD @ 
Oo oO Lom Oo Oo 


10k 
fo. OSCILLATOR FREQUENCY (Hz) 


FIGURE 7 — EMITTER FOLLOWER CONFIGURATION 
OUTPUT-SATURATION VOLTAGE versus 
EMITTER CURRENT 


in 


VCE (SAT). SATURATION VOLTAGE (V) 


100 
ig, EMITTER CURRENT (mA) 


150 


Ayoy. GPEN-LOOP VOLTAGE GAIN (db! 


2 
So 


Ss 8s 


PERCENT DUTY CYCLE (%) 


FIGURE 4 — OPEN LOOP VOLTAGE GAIN AND PHASE 


versus FREQUENCY 


@, PHASE (DEGREES) 


a 


VCE (SAT). SATURATION VOLTAGE {(V} 


100 


1k 
{, FREQUENCY (Hz) 


10 k 


FIGURE 6 — PERCENT DUTY CYCLE versus 
DEAD-TIME CONTROL VOLTAGE 


2a 

en DS te 

Sn Ons On 

Fe eS 
IN 

E69 a 


DEAD-TIME CONTROL VOLTAGE (V) 


FIGURE 8 — COMMON EMITTER CONFIGURATION 
OUTPUT-SATURATION VOLTAGE versus 
COLLECTOR CURRENT 


100 
Ic, COLLECTOR CURRENT (mA) 
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FIGURE 9 — STANDBY-SUPPLY CURRENT 
versus SUPPLY VOLTAGE 


——__,— 


lec. SUPPLY CURRENT (mal 


25 30 35 


Voc. SUPPLY VOLTAGE (V) 


FIGURE 10 — ERROR AMPLIFIER CHARACTERISTICS 


Error Amplifier 
Under Test 


Feedback 
Terminal 
(Pin 3) 


Other Error 
Amplifier 


FIGURE 12 — COMMON-EMITTER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 


15V0 


3 oa! 
680) 


eT ve 


Output 
Transistor 


FIGURE 11 — DEAD-TIME AND FEEDBACK CONTROL 
TEST CIRCUIT 


1509 


o—________| Dead- Vcc 2W 


Test Time 
inpuls O——___—__ Feedback 
Rr Cc 
ay ot E 
(+) 
(-) 
(+) 


Output 


Error 


FIGURE 13 — EMITTER-FOLLOWER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 


15V 


Output 
Transistor 
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FIGURE 14 — ERROR AMPLIFIER SENSING TECHNIQUES 


Vv 


19) 

To Output 
Voltage of Vref 
System 


Ro 


Vret 


Error 


R2 Amp Amp 
— To Output 
POSITIVE OUTPUT VOLTAGE NEGATIVE OUTPUT VOLTAGE Voltage of 
S 
Vor Vien Vo = Ry Mgcater 
O= Vret{ RQ! O=-Vret (1+ Ro! 
FIGURE 15 — DEAD-TIME CONTROL CIRCUIT FIGURE 16 — SOFT-START CIRCUIT 


FIGURE 17 — SLAVING TWO OR MORE 
CONTROL CIRCUITS 


Vref 


Master 


Slave 
(Additiona} 
Circuits) 
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FIGURE 18 — STEP-DOWN CONVERTER WITH SOFT- 
START AND OUTPUT CURRENT LIMITING 


150 nH @20A 
Vin = 8.0 to 40 V as Vous 
Oo O 
5OV/1.0A 
0.01 ec 
+ 
47 k 2 
ee Sal 
Comp 
bm 
50/50 eS MR850 1000 
1 8 
2 - E 
Gnd 
Cy RT 
4 5 6 
0.001 
fis O 
O 
TEST CONDITIONS RESULTS 
Line Regulation Vin=8.0Vto40V,IQg=10A 25mV 0.5% 


Load Regulation 


Vin=12V,1g=1.0mAto1.0A 


3.0 mV 0.06% 


Output Ripple 


Vin=12V,19=1.0A 


75 mV p-p P.A.R.D 


Short Circuit Current 


Vin= 12V,RL=0.10 


16A 


Efficiency 


Vin=12V, IQ =1.0A 


73% 
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FIGURE 19 — STEP-UP CONVERTER 


4. 1. 
Vin = 8.0 to 26 V 150 vwH @4.0A MR850 20 nH @ a aie 
O © 
28 V/ 
0O5A 
4.7k 
Comp 
50/35 V 


470/35 V 470/35 V 


8 300 
TIP 111 
0.1 
470 
© O 
TEST CONDITIONS RESULTS 
Line Regulation Vin = 8.0 Vto 26 V, IQ=0.5A 40 mv 0.14% 
Load Regulation Vin=12V, lg =1.0mAtoO0.5A 5.0 mV 0.18% 
Output Ripple Vin=12V,IQg=0.5A 24 mV p-p P.A.R.D. 
Efficiency Vin=12V,IQ9=O05A 75% 


* Optional circuit to minimize output ripple 
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FIGURE 20 — STEP-UP/ DOWN VOLTAGE INVERTING 
CONVERTER WITH SOFT-START AND 
CURRENT LIMITING 


Vin = 8.0 to 40 V 


75k 
+ pom 
a 
50/50 V t | 


0.01 


Comp 


TIP 32C 


MC34060 


3.3k 820 


150 wH 


330/16 V 
@2.0A - 


+ 


330/16 V 


TEST 


CONDITIONS 


RESULTS 


Line Regulation 


1 
Vin = 8.0 V to 40 V, Ig = 250 mA 


+-——+ 4 


52 mV 0.35% 


Load Regulation 


Vin =12V, lg =1mAto 250 mA 


47 mV 0.32% 


4 
Output Ripple Vin = 12 V, Ig = 250 mA 10 mV p.p. P.A.R.D. 
Short Circuit Current] Vin=12V, RL = 0.12 | 330 mA 

T 
Efficiency Vin = 12 V. Ig = 250 mA | 86% 


* Optional circutt to minimize output ripple 
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1N4003 


FIGURE 21 — 33 WATT OFF-LINE FLYBACK CONVERTER 


WITH SOFT-START AND PRIMARY POWER LIMITING Ly 
T, 1NS824 0 


3 each 
0.0047 UL’ CSA 


1N4934 


1N4001 47/25V 


22k 


+ 


4 
7 180 200 V 1 


1N4742 + 


2 
2.2M 33k leat 
3 
0.01 Comp a 
75k 
1N4687 6.8k MC34060 AOS 
+ 
10/25 Vv 
13 E 8 


MPS 
ref Gnd A55 
Dy CT RT 
5 6 
200 
0.001 
Vout Pout 
5OkL25k 
0.01 


115 Vac 
* 20°. 


“Optional R Fi Filter 


1N4148 27k 


TEST | 


CONDITIONS RESULTS 
yf oe = es 


Line Regulation 50 V Vin = 96 to 135 Vac, Ig = 3.0A 


20mV 0.40% 


{ = 
Vin = 95 to 135 Vac, ig = t0.75A 52mV 0.26% 


Line Regulation +12 V 
Vin = 116 Vac, Ig =10t040A 476 mV 9.5% 


Load Regulation 5.0 V 


Load Regulation +12 V | Vig = 115 Vac, Ig =+0.4to t0.9A 300 mV 2.5% 


Output Ripple 5.0 V Vin = 115 Vac, Io =3.0A 45 mV p-p P.A.R.D 


Output Ripple +12 V Vin = 115 Vac, Ig = t0.75A 75 mV p-p P.A.R.D. 


Efficiency Vin = 115 Vac, Ig 5 OV=3.0A 74% 
lo +12=+0.75A 


1N4937 


T1 
Coilcraft W2961 


T2 
Core: 
Coilcraft 11-464-16, 0.025” gap 
in each leg 


Bobbin: 
Coilcraft 37-573 
Windings: 
Primary, 2 each: 
75 turns #26 Awg Bifilar wound 


Feedback: 
15 turns #26 Awg 


Secondary, 5.0 V: 
6 turns #22 Awg Bifilar wound 


Secondary, 2 each: 
14 turns #24 Awg Bifilar wound 
ut 
Coilcraft Z7156, 1I5uH @5.0A 


L2, L3 
Coilcraft 27157, 25uH @ 1.0A 


OS0SEDW ‘O90VEDIN 


MOTOROLA MC34060A 
mam SEMICONDUCTOR oy MC35060A 


TECHNICAL DATA MC33060A 


PRECISION SWITCHMODE PRECISION SWITCHMODE 
PULSE WIDTH MODULATION PULSE WIDTH MODULATION 
CONTROL CIRCUITS CONTROL CIRCUITS 
The MC35060A/MC34060A/MC33060A are low cost fixed SILICON MONOLITHIC 
frequency, pulse width modulation control circuits designed INTEGRATED CIRCUITS 


primarily for single ended SWITCHMODE power supply control. 
These devices feature: 

The MC34060A is specified over the commercial operating 
range of 0° to + 70°C. The MC35060A is specified over the full 
military range of -55 to +125°C. The MC33060A is specified 
over the vehicular temperature range of - 40° to + 85°C. 


Undervoltage Lockout 


@ Complete Pulse Width Modulation Control Circuitry 

@ On-Chip Oscillator With Master or Slave Operation 

@ On-Chip Error Amplifiers 

@ On-Chip 5.0 Volt Reference, 1.5% Accuracy 

e@ Adjustable Dead Time Control ie eRe eROE 
e Uncommitted Output Transistor Rated to 500 mA Source or Sink CASE 646 

e 

e 


Available in Surface Mount Package 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


PIN CONNECTIONS 


Compen PWM 
Comp input 
Dead-Time 
L SUFFIX 
CERAMIC PACKAGE 


CASE 632 


ORDERING INFORMATION 


Temperature 1 
LL Device Range Package 


ey if + 
MC35060AL { - 55° to + 125°C Ceramic DIP 
MC34060AD SO-14 Plastic DIP 


(top view) 


O° to + 70°C 


MC34060AP Plastic DIP 

MC33060AD SO-14 Plastic DIP 
~40° to + 85°C -§———__—_ 

MC33060AP Plastic DIP 
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FIGURE 1 — BLOCK DIAGRAM 
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Dead-Time 
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Dead-Time =0.7V 
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FIGURE 2 — TIMING DIAGRAM 


Capacitor CT 


Feedback P.W.M. 
Comparator us 


Dead-Time Control ~ 


Output Q1, 
Emitter 
| | 
i | 
Description 
The MC35060A/34060A/33060A is a fixed-frequency Output pulse width modulation is accomplished by 
pulse width modulation control circuit, incorporating comparison of the positive sawtooth waveform across 
the primary building blocks required for the control of capacitor Crt to either of two control signals. The output 
a switching power supply. (See Figure 1.) An internal- is enabled only during that portion of time when the 
linear sawtooth oscillator is frequency-programmable sawtooth voltage is greater than the control signals. 
by two external components, Rt and Cy. The approxi- Therefore, an increase in control-signal amplitude 
mate oscillator frequency is determined by: causes a corresponding linear decrease of output pulse 
12 width. (Refer to the timing diagram shown in Figure 2.) 
f sie Se 
Ose Rr e@Cr 


For more information refer to Figure 3. 
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The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier inputs, or 
the feedback input. The dead-time contro! comparator 
has an effective 120 mV input offset which limits the 
minimum output dead time to approximately the first 
4% of the sawtooth-cycle time. This would result in a 
maximum duty cycle of 96%. Additional dead time may 
be imposed on the output by setting the dead time- 
control input to a fixed voltage, ranging between 0 to 
3.3 V. 

The pulse width modulator comparator provides a 
means for the error amplifiers to adjust the output pulse 
width from the maximum percent on-time, established 
by the dead time control input, down to zero, as the 
voltage at the feedback pin varies from 0.5 to 3.5 V. Both 


error amplifiers have a common-mode input range from 

-0.3 V to (Vcc — 2.0 V), and may be used to sense power 
supply output voltage and current. The error-amplifer 
outputs are active high and are ORed together at the 
non-inverting input of the pulse-width modulator com- 
parator. With this configuration, the amplifier that 
demands minimum output on time, dominates control 
of the loop. 

The MC35060A/34060A/33060A has an internal 5.0 V 
reference capable of sourcing up to 10 mA of load cur- 
rents for external bias circuits. The reference has an 
internal accuracy of + 1.5% with a typical thermal drift 
of less than 50 mV over an operating temperature range 
of 0° to + 70°C. 


MAXIMUM RATINGS (Full operating ambient temperature range applies unless 
otherwise noted) 


Amplifier Input Voltage 
Range 


Power Dissipation @ 
Ta = 45°C 


Operating Junction 
Temperature 


Collector Output Current Ic 
(Note 1) 
Vin | —0.3to +42] -0.3to +42] -0.3to +42 


42 


Vv 

Vv 

Vv 
mw 


Plastic Package 


125 


Ty °c 
125 
Ceramic Package 


Operating Ambient Ta |-55to +125) Oto +70 | -40to +85] °C 
Temperature Range 
Plastic Package 


Storage Temperature Tstg °C 
_ —55 to + 125)—55 to +125 
Ceramic Package —65to +150 _ = 


Range 
THERMAL CHARACTERISTICS 


L Suffix P Suffix D Suffix 
Ceramic Plastic Plastic 
Characteristic Package Package Package 


Thermal Resistance, ReJA °C/W 
Junction to Ambient 


Temperature 
RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage 
Collector Output Voltage 
Collector Output Current 
Amplifier Input Voltage 
Current Into Feedback Terminal 


Reference Output Current 


0.00047 


Note 1. Maximum thermal limits must be observed. 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V, CT = 0.01 uF, RT = 12 k{} unless otherwise noted. For typical values 
Ta = 25°C, for min’max values Ta is the operating ambient temperature range that applies unless otherwise noted. 


MC35060A/MC34060A/MC33060A 


REFERENCE SECTION 


Reference Voltage 

(lo = 1.0 mA, Ta = 25°C) 

(lg = 1.0 mA) 3 
Line Regulation 

(Vcc = 7.0 V to 40 V, Io = 1.0 mA) 


Load Regulation Regioad 
(Iq = 1.0 mA to 10 mA) 
ISC 


Short-Circuit Output Current 
(Vref = 0 Vv) 


OUTPUT SECTION 


Collector Off-State Current 
(Vcc = 40 V, VcE = 40 V) 


Emitter Off-State Current 
(Vcc = 40 V, Vc = 40 V. VE = 0V) 


Collector-Emitter Saturation Voltage (Note 2) 
Common-Emitter 
(Ve = OV, Ic = 200 mA) 
Emitter-Follower 
(Vc = 15V, Ig = - 200 mA) 


Output Voltage Rise Time (Ta - 25 C) 
Common-Emitter (See Figure 12) 
Emitter-Follower (See Figure 13) 


Output Voltage Fall Time (Ta - 25 C) 
Common-Emitter (See Figure 12) 
Emitter-Follower (See Figure 13} 


MC35060A/MC34060A/MC33060A 


ERROR AMPLIFIER SECTIONS 


Input Offset Voltage 
(VO[Pin 3) = 2.5 V) 


Input Offset Current 
(VcIPin 3) = 2.5 V) 


Input Bias Current 
(VolPin 3) = 2.5 V) 


Input Common-Mode Voltage Range 
(Vcc = 40 V) 


Inverting Input Voltage Range 


Open Loop Voltage Gain 
(AVo = 3.0 V, Vo = 05to3.5V, Ry = 2.0 ki?) 


Note 2: Low duty cycle techniques are used during test to maintain junction temperature as close to ambient temperatures as possible. 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V, CT = 0.01 uF, RT = 12 kf. unless otherwise noted. For typical values 
Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise noted.) 


Characteristic 


Symbol 


MC35060A/MC34060A/MC33060A 


Min 


Typ 


[max 


Unit 


ERROR AMPLIFIER SECTIONS (Continued) 


Unity-Gain Crossover Frequency 
(Vo = 05to3.5V,R, = 2.0 ki) 


fc 


600 


kHz 


Phase Margin at Unity-Gain 
(Vo = 0.5to3.5V, REL © 2.0 kd) 


65 


deg. 


fess 
Common-Mode Rejection Ratio 
(Vcc = 40 V, Vin = 0 V to 38 V) 


30 


Power Supply Rejection Ratio 
(Avec = 33V,Vg - 25V. Ry 2.0 kt?) 


100 


r 


Output Sink Current 
(Vo[Pin 3] = 9-7 V) 


0.7 


Output Source Current 
| (VolPin 3] 3-5 V) 


2.0 


40 


PWM COMPARATOR SECTION (Test circuit Figure 11} 


Input Threshold Voltage 
(Zero Duty Cycle) 


3.5 


45 


Input Sink Current 
(ViPin 3] 0.7 V) 


0.3 


U.? 


mA 


DEAD-TIME CONTROL SECTION (Test Circuit Figure 11) 


Input Bias Current (Pin 4) 
(Vin Oto 5.25 V) 


Maximum Output Duty Cycle 
(Vin OV. Cp O01 uF, RT 12 kf?) 


| (in OV, Cr 0.001 uF, Ry 47 kX) 


Input Threshold Voltage (Pin 4) 
(Zero Duty Cycle) 
(Maximum Duty Cycle) 


OSCILLATOR SECTION 


L. 


—— 
Frequency 

(CT 0.01 uF, RT = 12 ki?) 
Ta 25°C 
Ta — Tlow to Thigh 

(CT 0.001 uF, Rp 47 kid) 


fosc 


9.7 
9.5 


Standard Deviation of Frequency* 
(Cy 0.001 uF, Rp = 47 kf) 


% 


Frequency Change with Voltage 
(Vcc - 7.0 V to 40 V) 


Frequency Change with Temperature 
(ATA = Tlow to Thigh) 
(Cy = 0.01 uF, RT 12 kQ) 


UNDERVOLTAGE LOCKOUT SECTION 


Turn-On Threshold (Vcc increasing, lref » 1.0 mA) 


4.0 


Hysteresis 


50 


mV 


TOTAL DEVICE 


Standby Supply Current 
(Pin 6 at Vref, all other inputs and outputs open) 
(Vcc = 18 V) 
(Vec = 40 V) 


5.5 
7.0 


Average Supply Current 
(V[Pin 4) = 2.0 V, CT = 0.001 uF, RT = 47 k{2). See Figure 


11. 


7.0 


mA 


*Standard deviation is a measure of the statistical distribution about the mean as derived from the formula; 
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FIGURE 3 — OSCILLATOR FREQUENCY 
versus TIMING RESISTANCE 
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FIGURE 5 — PERCENT DEAD-TIME versus 
OSCILLATOR FREQUENCY 
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FIGURE 7 — EMITTER FOLLOWER CONFIGURATION 
OUTPUT SATURATION VOLTAGE versus 
EMITTER CURRENT 


Ayoy, OPEN-LOOP VOLTAGE GAIN (dB) 


PERCENT DUTY CYCLE '°2) 


FIGURE 4 — OPEN-LOOP VOLTAGE GAIN AND PHASE 
versus FREQUENCY 


Vcc = 15V 
AVg = 30V 
RL = 20k 


10 100 1.0K 


to. FREQUENCY !H2) 
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FIGURE 6 — PERCENT DUTY CYCLE versus 
DEAD-TIME CONTROL VOLTAGE 
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FIGURE 8 — COMMON EMITTER CONFIGURATION 


COLLECTOR CURRENT 


VCE (gat) SATURATION VOLTAGE {V) 


300 
Ig, EMITTER CURRENT (mA) 


Vce(SaT). SATURATION VOLTAGE (V 


OUTPUT SATURATION VOLTAGE versus 
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Ic, COLLECTOR CURRENT (mA) 
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FIGURE 9 — STANDBY SUPPLY CURRENT FIGURE 10 — UNDERVOLTAGE LOCKOUT THRESHOLDS 
versus SUPPLY VOLTAGE versus REFERENCE LOAD CURRENT 
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Vy, UNDERVOLTAGE LOCKOUT THRESHOLD (V} 
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL 
TEST CIRCUIT 
Vec > 15V 
Error Amplifier Vv 1500) 
Under Test T Oo——_—_———+ Dead- "CC 2W 
est Time 
pits Feedback 
fescs Ry C }-+—0 Output 
C 
Feedback ad ie : ai 
e——© Te'minal = () . 
(Pin 3) (+) Error 
= () 
7 Ref 
— 50 k!) Out 
Veet Other Error te ee Les 
Amplifier = | 
FIGURE 13 — COMMON-EMITTER CONFIGURATION FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM TEST CIRCUIT AND WAVEFORM 


Output 
Transistor 
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FIGURE 15 — ERROR AMPLIFIER SENSING TECHNIQUES 


Vv 


fo) 

To Output 
Voltage of Vret 
System 


R2 


Vv 
ret Error Error 

R2 Amp Amp 4 
1 


= To Output 
POSITIVE OUTPUT VOLTAGE NEGATIVE OUTPUT VOLTAGE Voltage of 
Ry Ry Vo System 
Vo=Vret {1 + 5) Vo=-Vret (1 * a) 
FIGURE 16 — DEAD-TIME FIGURE 18 — SLAVING TWO OR MORE 
CONTROL CIRCUIT FIGURE 17 — SOFT-START CIRCUIT CONTROL CIRCUITS 
Vref 


Slave 
(Additional 
Circuits) 
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Vin = 8.0 to 40V 


50 50 == 


MC34060A, MC35060A, MC33060A 


FIGURE 19 — STEP-DOWN CONVERTER WITH SOFT- 
START AND OUTPUT CURRENT LIMITING 


150 pH @2.0A 
Vout 
© 
50V/1.0A 
47k 
10 
0.01 ‘ as 
ts 
47k 
2 
10M 
3 
Comp 
MC34060A if 
MR850 1000 
0.01 6.3V 
8 


[tet | Gondions [Rests | 


Line Regulation Vin = 8.0 V to 40 V, 25mV 0.5% 
Io = 1.0A 

Load Regulation | Vin =12V, 3.0 mV 0.06% 
lo = 1.0mA to 1.0A 

Output Ripple Vin = 12V, 75 mVp-p 
Io = 1.0A P.A.R.D. 

Short Circuit Vin = 12 V, 1.6A 

Current RL = 0.10 

Efficiency Vin = 12, 73% 
lo = 1.0A 
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FIGURE 20 — STEP-UP CONVERTER 


150 nH @4.0A 20 nuH@1.0A 
Vin = 8.0 to 26 V wu @ mraso “OHH @ LOA, YC 
O O 
28 V/ 
O.5A 
47 KB 
+ : 1s * 
50/35 V 
470/35 V 
300 470/35 V Ta70 35 
TIP 111 
0.1 
470 
47k 
390 
eS Seay ener? Cane) 
TEST CONDITIONS RESULTS 
Line Regulation Vin = 8.0Vto 26V,IQ=05A 40 mV 0.14% 
Load Regulation Vin=12V,Ig=1.0mAto05A 5.0 mV 0.18% 
Output Ripple Vin=12V, Ip =O05A 24 mV p-pP.AR.D 
Efficiency Vin=12V, 19 =O5A 75% 


* Optional circuit to minimize output ripple 
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FIGURE 21 — STEP-UP/DOWN VOLTAGE INVERTING 
CONVERTER WITH SOFT-START AND 
CURRENT LIMITING 


Vin = 8.0 to 40 V 


TIP 32C 


30 k 
10 
Vec 
+ 
75k - Cc 
. Comp 
50/50 V 150 wH . 

i MC34060A @2.0A ° 330/16 V : 330/16 V 

‘pal 

7 
Vret Gnd 
OT Rr 


Cr 
ioviev 4 S| & 
+ 1 
47 k ea ade 
33k 820 


Ce 
eee 


(TEST CONDITIONS RESULTS 

P< Line Regulation | Via =BOV1040V, Ig = 250 mA 52mV 0.35% 

| Load Regulation i Vin= 12 V. lg =1 mAto 250 mA 47 mV 0.32% 
Output Ripple Vin = 12 V, lg = 250 mA 10 mV p.p. P.A.R.D. 
Short Circuit Current| Vin = 12 V, RL = 0.10 330 mA 

[___ Efficiency — LYin = 12V, lo = 250 mA 86% j 


* Optional circuit to Minimize output ripple 
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LLZ-€ 


S3DIA3G JOVAYALNI/YVANI VIOYOLOW 


3 each 
0.0047 UL. CSA 


115 Vac 
+20% 


* Optional R.F.L. Filter 


FIGURE 22 — 33 WATT OFF-LINE FLYBACK CONVERTER 
1N4003 WITH SOFT-START AND PRIMARY POWER LIMITING Ly 


1N4001 


t 
180/200 V 


T)  1NS824 0 


47/25V 
Common 


Load Regulation +12 V | Vin = 115 Vac, Ig = +04to +O09A 


Output Ripple 50 V 


1N4934 -12/0 75 A 
1N4937 
TI 
Coilcraft W2961 
MC34060A se 
AO5 T2 
10/25 V Core: 
8 Coilcraft 11-464-16, 0.025” gap 
+ in each leg 
U ps Bobbin: 
Coilcratt 37-573 
Windings: 
200 47 Primary, 2 each: 
75 turns #26 Awg Bifilar wound 
Feedback: 
15 turns #26 Awg 
Secondary, 5.0 V: 
6 turns #22 Awg Bifilar wound 
1N4148 2.7k Secondary, 2 each: 


14 turns #24 Awg Bifilar wound 


ui 
Coilcraft Z7156, 15uH @5.0A 


20 mV 040% L2, L3 


, 
52 mV 026% Coilcraft Z7157, 254H @1.0A 


300 mV 2.5% 


Vin = 115 Vac, Io - 


Output Ripple +12 V 


45 mVppPARD 


Vin 1175 Vac. to = 


Efficiency 


Vin: 115 Vac. Ig 50V-=3.0A 
lo +12=+0.75A 


75 mV p-pPARD 


5.0V/3.0A 
O 


12/0 75A 
O 
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MOTOROLA MC34063 
a SEMICONDUCIQ: yyy MC35063 
TECHNICAL DATA MC33063 


DC-TO-DC CONVERTER DC-TO-DC CONVERTER 
CONTROL CIRCUITS CONTROL CIRCUITS 


SILICON MONOLITHIC 

INTEGRATED CIRCUITS 

The MC34063 Series is a monolithic control circuit containing 
the primary functions required for dc-to-dc converters. The device 
consists of an internal temperature compensated reference, com- 
parator, controlled duty cycle oscillator with an active current limit 
circuit, driver and high current output switch. This series was 
specifically designed to be incorporated in Step-Down and Step- 


Up and Voltage-inverting applications with a minimum number we tee 
of external components. fat CASE 626 


®@ Operation from 2.5 V to 40 V Input 8 

@ Low Standby Current 

e@ Current Limiting 

® Output Switch Current of 1.5A Ww 

@ Output Voltage Adjustable from 1.25 to 40 V Nt ra) 

@ Frequency of Operation to 100 kHz a \\) 
U SUFFIX 

CERAMIC PACKAGE 

CASE 693 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONNECTIONS 


Drive Switch 


Collector Collector Switch Driver 
Collector Collector 
Switch Ink Sense 
Emitter 
Timing vec 
Capacitor 6 | 
Comparator 
Switch ane 4 | Inverting 
Emitter Input 
(Top View) 
Timing 
Capacitor 
ahs ORDERING INFORMATION 
1.25 V 
Reference Temperature 
Regulator Device Range Package 
MC35063U 


Comparator 
Inverting 
Input 


-—55 to +125°C | Ceramic DIP 
MC33063U Ceramic DIP 
—40 to + 85°C 
MC33063P1 Plastic DIP 
MC34063U Ceramic DIP 

Oto +70°C 
MC34063P1 


Plastic DIP 
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MC34063, MC35063, MC33063 


MAXIMUM RATINGS 


Power Supply Voltage Vcc | 4 


Comparator Input Voltage Range -0.3 to +40 Vde 
Vetewnany [40 | vee | 
Switch Emitter Voltage | Ve(switch) | 40 =| Vdc | 
Switch Collector to Emitter Voltage | Vceiswitch) | 40 «|| Ve | 
| Amps | 


VCidriver) | ao 
Switch Current | tsw | 8 | Amps 


Power Dissipation and Thermal Characteristics 
Ceramic Package 
Ta = +25°C 
Derate above Ta + 25°C 
Plastic Package 


Ta = +25°C 
Derate above Ta = + 25°C 
Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
MC35063 
MC33063 
MC34063 


Storage Temperature Range 


-55 to +125 
-40 to +85 
0to +70 


Tstg -65to +150 | °C 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V: Ta = Tiow to Thi 


gh (Note 1] unless otherwise specified.) 
Characteristic Symbol Min Typ [ max | unit | 
OSCILLATOR 


Charging Current (5.0 V = Voc ~ 40 V, Ta = 25°C) 
Discharge current (5.0 V = Vcc + 40 V; Ta = 25°C} 
Voltage Swing (Ta = 25°C) 


'dischg 


Vosc 


Discharge to Charge Current Ratio (Ipkisense) = Vcc. Ta = 25°C) 


Current Limit Sense Voltage 
lehg = Idischg TA = 25°C 
OUTPUT SWITCH (Note 2) 


Vipkisense) 


Saturation Voltage, Darlington Connection VCE(sat) 
Isw = 1.0 A; Ve(driver) = VC(switch) 

Saturation Voltage VCE(sat) 
Isw = 1.0 A; Icidriver) = 50 MA, (Forced B ~ 20) 

DC Current Gain hee 
Igsw = 1.0A; Vce = 5.0 V; Ta = 25°C 

Collector Off-State Current (VcE = 40 V; Ta = 25°C) ICloff) aD 

COMPARATOR 


Threshold Voltage : : : 
Threshold Voltage Line Regulation (3.0 V < Vcc < 40 V) Regline = 0.04 0.2 


Input Bias Current (Vin = 0 V) ee ee ee 


TOTAL DEVICE 


Supply Current lec _ 2.4 mA 
5.0V <Vcc = 40 V, Cy = 0.001 uF 


Ipk(sense) = Vcc. V pin 5 > Vth. 
Pin 2 = Gnd, Remaining pins open 


NOTES: 
1. Tlow = ~ 55°C for MC35063) Thigh = + 125°C for MC35063 = 2. Output switch tests are performed under pulsed conditions 
- 40°C for MC33063 +85°C for MC33063 to minimize power dissipation. 
0°C for MC34063 +70°C for MC34063 
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1000 pee ee er ee ee 


ton-off. OUTPUT SWITCH ON-OFF TIME (us) 


__ Notte SATURATION VOLTAGE (VOLTS) 


MC34063, MC35063, MC33063 


FIGURE 1 — OUTPUT SWITCH ON-OFF TIME FIGURE 2 — STANDBY SUPPLY CURRENT 
versus OSCILLATOR TIMING versus SUPPLY VOLTAGE 
CAPACITOR 


Cr = 0.001 pF 
ipkisense) = Voc 
Pin2 = Gnd 


= 
“01 1.0 10 100 


Cr, OSCILLATOR TIMING CAPACITOR inf! Voc: SUPPLY VOLTAGE ‘VOLTS: 


icc, SUPPLY CURRENT (mA) 


FIGURE 3 — EMITTER-FOLLOWER CONFIGURATION FIGURE 4 — COMMON-EMITTER CONFIGURATION 
OUTPUT SWITCH SATURATION VOLTAGE OUTPUT SWITCH SATURATION VOLTAGE 
versus EMITTER CURRENT versus COLLECTOR CURRENT 


Vec - 5.0V 
Pin? - Vcc 
Pins 2,3,5 - 


2 
g 
oO 
= 
S bad 
S ced Beta - 
2 pote 
5 EEE ere i 
Ser eho ees ci EE 
= Oi es aes a 
pit tt > fem S Mea ee 
Lt 0.6 i LT 0.2 0.4 1.0 1.2 1.4 
{e, EMITTER CURRENT (AMPS) Ic. COLLECTOR CURRENT (AMPS) 
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FIGURE 5 — STEP-DOWN CONVERTER 


Vout 
5.0 V/500 mA 
Test Conditions Results 
Line Regulation Vin = 15 to 25 V, lo = 500 mA 
Load Regulation Vin = 25 V. lo = 50 to 500 mA 5.0 mV 
Fone hee 
Output Ripple Vin = 25V, lo = 500 mA 40 MVp.5 
Short Circuit Current Vin = 25V, RL = 0.19 2.3A 
Efficiency Vin = 25 V, lo = 500 mA 84.7% 
FIGURE 6 — EXTERNAL CURRENT BOOST CONNECTIONS 
FOR Ic PEAK GREATER THAN 1.5 A 
6A — EXTERNAL NPN SWITCH 6B — EXTERNAL PNP SATURATED SWITCH 
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FIGURE 7 — STEP-UP CONVERTER 


1N5819 


Vout 
©28V 175 mA 


Vin = 12 V, 1g = 175 mA 


Efficiency Vin = 12 V, lg = 175 mA 


FIGURE 8 — EXTERNAL CURRENT BOOST CONNECTIONS 
FOR Ic PEAK GREATER THAN 1.5 A 


8A — EXTERNAL NPN SWITCH 8B — EXTERNAL NPN SATURATED SWITCH 


R — 0 for 


Vine constant Vin 
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FIGURE 9 — DESIGN FORMULA TABLE 
ee eas RET ET "< RE! 
ton Vout + VF Vout + VE — Vinimin) 
toff Vin(min) — Vsat — Vout Vinimin) — Vsat 
1 


aa 
4X 10-5 ton 4X 10-5 ton 

+1) 

ff 
0.33/Ipkiswitch) 0.33/lpk(switch) 


t 
Ipk(switch) 2lout(max) 2lout(max) (‘20 
Vintmin) — Vsat -_V Vin{min) — Vsat 
igus: (Suu min) ~ “sat ~ Vout te (“intimin —Vsat), 
(min) loklawiteh) on(max) lpk(switch) on(max) 
c Ipkiswitch) {ton + tof) — —!lout ton 
[e) : i 
8 Vripple(p-p) Vripple(p-p) 


Vsat = Saturation voltage of the output switch 
Ve = Forward voltage drop of the ringback rectifier 


The following power supply characteristics must be chosen: 
Vin — Nominal input voltage. If this voltage is not constant, then use Vin(max) for step-down and Vinimin) for step- 
up converter. 
Vv Desi = | f2) 
out — Desired output voltage, Voy, = 1.25 {1 + Ry)" 

lout — Desired output current. 

fmin — Minimum desired output switching frequency at the selected values for Vj, and Io. 

Vripple(p-p) — Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased 
due to the capacitor’s equivalent series resistance and board layout. The ripple voltage should be 
kept to a low value since it will directly effect the line and load regulation. 


Note: For further information refer to application note AN920 Rev. 2. 
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MOTOROLA MC34063A 
a SEMICONDUCTOR xy MC35063A 


TECHNICAL DATA MC33063A 


DC-TO-DC CONVERTER 
DC-TO-DC CONVERTER CONTROL CIRCUITS 
CONTROL CIRCUITS 


SILICON MONOLITHIC 
The MC34063A Series is a monolithic control circuit containing INTEGRATED CIRCUITS 
the primary functions required for DC-to-DC converters. These 
devices consist of an internal temperature compensated refer- 
ence, comparator, controlled duty cycle oscillator with an active 
current limit circuit, driver and high current output switch. This 
series was specifically designed to be incorporated in Step-Down 
and Step-Up and Voltage-Inverting applications with a minimum 
number of external components. Refer to Application Note P1 SUFFIX 
AN920R2 for additional design information. PLASTIC PACKAGE 


CASE 626 
® Operation from 3.0 V to 40 V Input 
@ Low Standby Current 


@ Current Limiting D SUFFIX 
@ Output Switch Current to 1.5A eee 
® Output Voltage Adjustable (SO-8) 


@ Frequency Operation to 100 kHz 
@ Precision 2% Reference 
U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


FUNCTIONAL BLOCK DIAGRAM 
PIN CONNECTIONS 


; Drive Switch 
; O 
Collector Collector 


Switch Driver 
Collector Collector 


Switch 


Emitter Ipk Sense 


Timing 
Capacitor Vec 
Comparator 
Inverting 
Input 


Switch 
Emitter 


(Top View) 


Timing 
Comparator Capacitor 


1.26V ORDERING INFORMATION 


Reference 
Temperature 
Device Range Package 


Regulator 
MC35063AU ~§5 to + 125°C | Ceramic DIP 
MC33063AD Plastic SOIC 
~40 to +85°C 
MC33063AP1 Plastic DIP 
MC34063AD Plastic SOIC 
Oto +70°C 
MC34063AP1 Plastic DIP 
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Comparator 
Inverting 
Input 


(Bottom View) 
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MC34063A, MC35063A, MC33063A 


MAXIMUM RATINGS 


Power Dissipation and Thermal Characteristics 
Ceramic Package, U Suffix 


Ta = +25°C 

Thermal Resistance 
Plastic Package, P Suffix 

Ta = +25°C 

Thermal Resistance 
SOIC Package, D Suffix 

Ta = +25°C 

Thermai Resistance 


Operating Junction Temperature 


Operating Ambient Temperature Range 
MC35063A 
MC33063A 
MC34063A 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V; Ta = Tlow to Thigh [Note 2] unless otherwise specified) 


Characteristic | symbot_| min | typ | Max | units | 


—55 to +125 
— 40 to +85 
Oto +70 


OSCILLATOR 
Frequency 
(VPin5 = OV, C7 = 1.0 nF, Ta = 25°C) 
Charge Current 
(Vcc = 5.0 V to 40 V, Ta = 25°C) 


Discharge Current 


(Vcc = 5.0 V to 40 V, Ta = 25°C) 


Discharge to Charge Current Ratio 
(Pin 7 = Vcc, Ta = 25°C) 


Current Limit Sense Voltage 
Mlchg = 'dischg: TA = 25°C) 
NOTES: 


1. Maximum package power dissipation limits must be observed. 
2. Tlow = —58°C for MC35063A = Thigh = + 125°C for MC35063A 
— 40°C for MC33063A + 85°C for MC33063A 
0°C for MC34063A +70°C for MC34063A 
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ELECTRICAL CHARACTERISTICS — continued (Vcc = 5.0 V; Ta = Tjow to Thigh unless otherwise specified) 


Characteristic | Symbol Min [typ | Max | Units | | Max | Units | 


OUTPUT SWITCH (Note 3) 


Saturation Voltage, Darlington Connection VCE(sat) 
(isw = 1.0 A, Pins 1, 8 connected) 


Saturation Voltage VcE(sat) 
(Isw = 1.0 A, Rpin g = 82 2 to Vcc, Forced 8 = 20) 


DC Current Gain 

(lsw = 1.0A, VcE = 5.0 V, Ta = 25°C) 
Collector Off-State Current 

(VcE = 40 V) 


COMPARATOR 


Threshold Voltage 
(Ta = 25°C) 


Threshold Voltage Line Regulation 
(Vcc = 3.0 V to 40 V) 


Input Bias Current 
(Vin = 0 V) 


TOTAL DEVICE 


Supply Current 
(Voc = 5.0 V to 40 V, Cy = 1.0 nF, Pin 7 = Vcc, 
Vpin 5 > Vth. Pin 2 = Gnd, Remaining pins open) 


NOTES: 

3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible. 

4. If the output switch is driven into hard saturation {(non-Darlington configuration) at low switch currents {<300 mA) and high driver currents 
(230 mA), it may take up to 2.0 us to come out of saturation. This condition will shorten the “off” time at frequencies 2 30 kHz, and is magnified 
at high temperatures. This condition does not occur with a Darlington configuration, since the output switch cannot saturate. If a non-Darlington 
configuration is used, the fottowing output drive condition is recommended: 


Forced B of output switch = Ic, output/(Ic, driver — 7.0 mA*) = 10 


*The 100 2 resistor in the emitter of the driver device requires about 7.0 mA before the output switch conducts. 
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FIGURE 1 — OUTPUT SWITCH ON-OFF TIME versus 
OSCILLATOR TIMING CAPACITOR 


0.01 0.02 0.05 07 02 05 10 20 
Cy, OSCILLATOR TIMING CAPACITOR (nF) 


FIGURE 3 — EMITTER FOLLOWER CONFIGURATION OUTPUT 
SATURATION VOLTAGE versus EMITTER CURRENT 


SS or 
a 


Pins 1,7,8 = Vcc 
Pins 3,5 = Gnd 
Ta = 26°C 

See Note 3 


VcE{sat), SATURATION VOLTAGE (V) 


TER EVGAE 


lg, EMITTER CURRENT (A) 


FIGURE 5 — CURRENT LIMIT SENSE VOLTAGE 
versus TEMPERATURE 


Vcc = 5.0V 
\chg = 'dischg 


Vipkisense), CURRENT LIMIT SENSE VOLTAGE (V) 


— 55 ~2 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 2 — TIMING CAPACITOR WAVEFORM 


Vosc, OSCILLATOR VOLTAGE (V} 
200 mV/DIV 


mm Pins 1, 5,8 Open 
m CT = 1.0nF 


| = 5.0V 
Pin? = Vec 
Pin 2 = Gnd BR Ta = 25°C 
Bod 

10 jxs/DIV 


FIGURE 4 — COMMON EMITTER CONFIGURATION OUTPUT 
SWITCH SATURATION VOLTAGE versus 
COLLECTOR CURRENT 


Darlington Connection 


NEEE 
BN LT 
EE 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 16 
Ic, COLLECTOR CURRENT (A) 


FIGURE 6 — STANDBY SUPPLY CURRENT versus 
SUPPLY VOLTAGE 


nN 


NR 


icc, SUPPLY CURRENT (mA) 


Vcc, SUPPLY VOLTAGE {V) 
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FIGURE 7 — STEP-UP CONVERTER 


170 pH 


1N5819 


1.0 wH 
Vout == 


28 V/175 mA 7 Vout 


7 100 


Optional Filter 


FIGURE 8 — EXTERNAL CURRENT BOOST CONNECTIONS 
FOR ic PEAK GREATER THAN 1.5 A 


8B — EXTERNAL NPN SATURATED SWITCH 
8A — EXTERNAL 
eer er (REFER TO NOTE 4) 


Vout 


R > 0 for 
constant Vin. 
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FIGURE 9 — STEP-DOWN CONVERTER 


1.0 nH 


Vout Vv, 
5.0 V/500 mA f © Vout 


+ 
100 


Optional Filter 


a 


Output Ripple With Optional Filter Vin = 25 V,l9 = 500 mA 40 mVp-p 


FIGURE 10 — EXTERNAL CURRENT BOOST CONNECTIONS 
FOR Ic PEAK GREATER THAN 1.5 A 


10A — EXTERNAL NPN SWITCH 10B — EXTERNAL PNP SATURATED SWITCH 
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FIGURE 11 — VOLTAGE INVERTING CONVERTER 


Vin 
45V106.0V0 


1N5819 


1.0 wH 


#100 


Optional Filter 


Load Regulation 
Vin = 5.0 V, Io = 100 mA 


FIGURE 12 — EXTERNAL CURRENT BOOST CONNECTIONS 
FOR Ic PEAK GREATER THAN 1.5 A 


Vo 


O ut Vv 
~12 V/100 mA out 


Output Ripple 
Short Circuit Current 


Efficiency 
Output Ripple With Optional Filter 


12A — EXTERNAL NPN SWITCH 12B — EXTERNAL PNP SATURATED SWITCH 
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FIGURE 13 — PRINTED CIRCUIT BOARD AND COMPONENT LAYOUT 
(CIRCUITS OF FIGURES 7, 9, 11) 


2.500” 


(Top view, copper foil as seen through the board from the component side) 


STEP-UP CONVERTER 


fe} 1N5819 


INVERTING CONVERTER 


7 N. 
—__} 


1.0 pH* ff 


*Optional Filter. 
Top View, Component Side 


INDUCTOR DATA 


Converter Inductance (4H) 
Step-Up 170 


Voltage-Inverting 88 


All inductors are wound on Magnetics Inc. 55117 toroidal core. 


38 Turns of #22 AWG 
48 Turns of #22 AWG 
28 Turns of #22 AWG 
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FIGURE 14 — DESIGN FORMULA TABLE 


Voltage-Inverting 


Step-Up Step-Down 


Calculation 


ton‘toff Vout+ VE~ Vinimin) Vout+ VF Moutl + VF 
Vin(min) ~ Vsat Vin(min) — Vsat — Vout Vin-Vsat 


(ton + toff) max 1 
fmin 


48x 1075 ton 48x 10-5 ton 4.8 x 10-5 ton 


ton ton 
Ipk(switch) 2lout(max) (‘on 1) 2lout(max) Zlout(max) (jor ') 


Rsc 0.3/1 pk(switch) 0.3/Ipk(switch) 0.3/Ipk(switch) 


Limin) (Yinimind sat) Salad (Vinton) —Ysat—Yout tonilad) [ “intmins est tarniaid 
Ipkiswitch) / UM Ipk(switch) lpk(switch) 


Co ~ —|outton 'pk(switch)(ton + to#f) ~ —/outton 
~ —outton _ = 
Vripple(p-p) 8 Vripple(p-p) Vripple(p-p) 


Vsat = Saturation voltage of the output switch. 
VF = Forward voltage drop of the output rectifier. 


The following power supply characteristics must be chosen: 

Vin — Nominal input voltage. 

Vout — Desired output voltage, [Vout] = 1.25 (: + rt) 

{ — Desired output current. is PAGS 

out p 

fmin — Minimum desired output switching frequency at the selected values of Vip and lo. 

Vripple(p-p) —— Desired peak-to-peak output ripple voltage. In practice, the calculated capacitor value will need to 
be increased due to its equivalent series resistance and board layout. The ripple voltage should be 
kept to a low value since it will directly affect the line and load regulation. 


RR 


NOTE: 
For further information refer to Application Note AN920 Rev. 2 
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MOTOROLA 
m= SEMICONDUCTOR ss MC34064 


TECHNICAL DATA MC33064 


Advance Information 


UNDERVOLTAGE 
SENSING CIRCUIT 


UNDERVOLTAGE SENSING CIRCUIT 

SILICON MONOLITHIC 

The MC34064 is an undervoltage sensing circuit specifically INTEGRATED CIRCUIT 
designed for use as a reset controller in microprocessor-based 
systems. It offers the designer an economical solution for low 
voltage detection with a single external resistor. The MC34064 
features a trimmed-in-package bandgap reference, and a com- 
parator with precise thresholds and built-in hysteresis to prevent 


erratic reset Operation. The open collector reset output is capable P SUFFIX 

of sinking in excess of 10 mA, and operation is guaranteed down PLASTIC PACKAGE 

to 1.0 volt input with low standby current. These devices are CASE 29 

packaged in 3-pin TO-226AA and 8-pin surface mount packages. (TO-226AA)} 
Applications include direct monitoring of the 5.0 Volt MPU/logic 

power supply used in appliance, automotive, consumer and Sy 

industrial equipment. 

@ Trimmed-in-Package Temperature Compensated Reference 

@ Comparator Threshold of 4.6 V at'25°C PIN 1. ie 

_ INP 

@ Precise Comparator Thresholds Guaranteed Over 1 : GROUND 

Temperature 2 : 


© Comparator Hysteresis Prevents Erratic Reset 
@ Reset Output Capable of Sinking in Excess of 10 mA 
@ Internal Clamp Diode for Discharging Delay Capacitor 
@ Guaranteed Reset Operation with 1.0 Voit Input 

@ Low Standby Current D SUFFIX 
e 


Economical TO-226AA and SO-8 Surface Mount Packages Aen 


(SO-8) 


PIN 1. RESET 
2. INPUT 
3. N.C. 
4. GROUND 
5. N.C. 
6. N.C. 
7.N.C. 
8. N.C. 


REPRESENTATIVE BLOCK DIAGRAM 


Input © 2 (2) 


ORDERING INFORMATION 
Temperature 
Range Package 
MC34064D-5 Plastic SO-8 
0°C to +70°C 
MC34064P-5 Plastic TO-226AA 


MC33064D-5 Plastic SO-8 
— 40°C to +85°C 
MC33064P-5 Plastic TO-226AA 


See) Sink Only 
P- ~ Positive True Logic 


Pin numbers adjacent to terminals are for the 3-pin TO-226AA package. 
Pin numbers in parenthesis are for the D suffix SO-8 package. 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATINGS 


is Rating Symbol Value [_unit_ | 


Power Input Supply Voltage ~1,0 to 10 V 
Resa Output Voltage 10 T V | 
Reset Output Sink Current (Note 1) Internally mA 
Limited _| | 
Clamp Diode Forward Current, Pin 1 to 2 (Note 1) 100 mA 
Power Dissipation and Thermal Characteristics | 
P Suffix, Plastic Package 
Maximum Power Dissipation @ Ta = 25°C Pp 625 mW 
Thermal Resistance, Junction to Air ReJA 200 °C/W 
D Suffix, Plastic Package 
Maximum Power Dissipation @ Ta = 25°C 625 mW 
Thermal Resistance Junction to Air 200 °C/W 
_| 
Operating Junction Temperature +150 L °C | 
Operating Ambient Temperature °C 
MC34064 Oto +70 
MC33064 ~40 to +85 
Storage Temperature Range —65 to +150 °C | 


ELECTRICAL CHARACTERISTICS For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature 
range that applies (Notes 2 and 3). 


(_ Characteristic | Symbol 7 Min ie Typ iz Max ‘| Unit 
COMPARATOR 


Threshold Voltage 
High State Output (Vjn Increasing) 
Low State Output (Vin Decreasing) 


|_Hysteresis 

RESET OUTPUT 

Output Sink Saturation 
(Vin = 4.0 V, Isink = 8.0 mA) 
(Vin = 4.0 V, ISink = 2.0 mA) 
(Vin = 1.0 V, ISink = 0.1 mA) 


Output Sink Current (Vin, Reset = 4.0 V) 


Output Off-State Leakage (Vjn, Reset = 5.0 V) 0.5 = pA } 
[ Clamp Diode Forward Voltage, Pin 1 to 2 (Ip = 10 mA) Ve | 06 0.9 ‘5 1.2 V 
TOTAL DEVICE 
a ae 
Operating Input Voltage Range Vin Z| 1.0 to 6.5 — ae ie Vv 
Quiescent Input Current (Vig = 5.0 V) lin fe 300 | 500 | pA =) 


NOTES: 
1. Maximum package power dissipation limits must be observed. 
2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
3. Tlow = 0°C for MC34064 Thigh = + 70°C for MC34064 
= —40°C for MC33064 + 85°C for MC33064 
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FIGURE 2 — RESET OUTPUT VOLTAGE versus 


OUTPUT VOLTAGE versus 
INPUT VOLTAGE 


RESET 


FIGURE 1 — 


INPUT VOLTAGE 


(A) FOVLIOA LNdLNO ‘CA 


INPUT VOLTAGE (V) 


Vin. 


INPUT VOLTAGE (V) 


Vine 


FIGURE 3 — COMPARATOR THRESHOLD VOLTAGE 


FIGURE 4 — INPUT CURRENT versus INPUT VOLTAGE 


versus TEMPERATURE 


4.630 


RL = 10k to Vin 


3 
a 
£ 
=] 
Oo 
@ 
2 
I 
= 
n 
= 
BH 
x 


Upper Threshold 
Lower Threshold 
Low State Output 


(A) DVLIOA GIOHSABHL “YA 


INPUT VOLTAGE (V) 


Vin. 


) 


Ta, AMBIENT TEMPERATURE (°C 


FIGURE 5 — RESET OUTPUT SATURATION versus 


FIGURE 6 — RESET DELAY TIME 


SINK CURRENT 


> 
ra) 
+ 
iS 
> 
;° 
Ww 


Vin 


= 10k 
Ta = 26°C 


RE 


(A) NOLLVENLWS LNdLNO Or 


200 ns/Div. 


Isink» SINK CURRENT (mA) 
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FIGURE 7 — CLAMP DIODE FORWARD CURRENT 
versus VOLTAGE 


{g, FORWARD CURRENT (mA} 


Ve, FORWARD VOLTAGE (V) 


FIGURE 8 — LOW VOLTAGE MICROPROCESSOR RESET 


Microprocessor 
Circuit 


A time delayed reset can be accomplished with the 
addition of Cpyy. For systems with extremely fast 
power supply rise times (<500 ns) it is recommended 
that the RCp_y time constant be greater than 5.0 us. 


1 
7 toy = R Coy In ‘ _ Vthimpu 
Vin 


FIGURE 9 — LOW VOLTAGE MICROPROCESSOR RESET WITH ADDITIONAL HYSTERESIS 


TEST DATA 


VH | 4Vth | RH Ri 
(mV) | (mV) | (Q) | (kM) 


Microprocessor 
Circuit 


Reset 


4.6 
Va = aC + 0.02 


AVth(lower) ~ 340 Ry x 1076 


= Where: Ry < 150 0 
RL = 1.5 kQ, < 10 kA 


Comparator hysteresis can be increased with the addition of resistor Ry. The hysteresis equation has been 
simplified and does not account for the change of input current lin as Vcc crosses the comparator threshold 
(Figure 4). An increase of the lower threshold AVth(tower) Will be observed due to lin which is typically 340 uA 
at 4.59 V. The equations are accurate to + 10% with Ry less than 150 9 and R,_ between 1.5 kN. and 10 kf. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-230 


MC34064, MC33064 


FIGURE 10 — VOLTAGE MONITOR FIGURE 11 — SOLAR POWERED BATTERY CHARGER 


1.0 k 


FIGURE 12 — LOW POWER SWITCHING REGULATOR 


25 pH 


MPSW51A 


Vin = 11.5V 
to 14.5 V 


Vo = 5.0V 
io = 50 mA 


ee 


FIGURE 13 — MOSFET LOW VOLTAGE GATE DRIVE PROTECTION 
Vcc 


MTP3055EL 


Overheating of the logic level power MOSFET due to insufficient gate voltage can be prevented with the 
above circuit, When the input signal is below the 4.6 volt threshold of the MC34064, its output grounds the 
gate of the L2 MOSFET. 
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HIGH PERFORMANCE DUAL CHANNEL 
CURRENT MODE CONTROLLER 


The MC34065 series are high performance, fixed frequency, 
dual current mode controllers. They are specifically designed for 
Off-Line and DC-to-DC converter applications offering the 
designer a cost effective solution with minimal external compo- 
nents. These integrated circuits feature a unique oscillator for 
precise duty cycle limit and frequency control, a temperature com- 
pensated reference, two high gain error amplifiers, two current 
sensing comparators, drive output 2 enable pin, and two high 
current totem pole outputs ideally suited for driving power 
MOSFETs. 

Also included are protective features consisting of input and 
reference undervoltage lockouts each with hysteresis, cycle-by- 
cycle current limiting, and a latch for single pulse metering of 
each output. 

These devices are available in dual-in-line and surface mount 
packages. 


e@ Unique Oscillator for Precise Duty Cycle Limit and Frequency 
Control 


@ Current Mode Operation to 500 kHz 

@ Automatic Feed Forward Compensation 

@ Separate Latching PWMs for Cycle-By-Cycle Current Limiting 
@ Internally Trimmed Reference with Undervoltage Lockout 

@ Drive Output 2 Enable Pin 

®@ Two High Current Totem Pole Outputs 

@ Input Undervoltage Lockout with Hysteresis 

@ Low Start-Up and Operating Current 

@ Direct interface with Motorola SENSEFET Products 


SIMPLIFIED BLOCK DIAGRAM 


Vec 


Lockout 


Vret 
Undervoitage 
Lockout 


MC34065 


MC33065 


HIGH PERFORMANCE 
DUAL CHANNEL 
CURRENT MODE CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


DW SUFFIX 1 
PLASTIC PACKAGE 
CASE 751G 
(SO-16L) 


PIN CONNECTIONS 


Sync Input Vec 
Cy Vref 
RT Drive Output 2 Enable 


Voitage Feedback 1 
Compensation 1 
Current Sense 1 

Drive Output 1 


Voltage Feedback 2 
Compensation 2 
Current Sense 2 
Drive Output 2 


> 
Undervoltage | 


Drive Output 1 
a ov Gnd Drive Gnd 


oO 


Oscillator 
Latching 
PWM 1 
Voltage ° 


(Top View) 


Feedback 1 


Compensation 1 


ORDERING INFORMATION 


Drive Output 2 O 


Basi Temperature 
nabdle 


Device Range 


Mc34o6s0W | 
0° to +70°C 
MC34065P 


Package 
SO-16L 
Plastic DIP 


Voltage 
Feedback 2 © 
1 


—+———— 
a MC33065DW SO-16L 
Drive Gad 0 9 MC33065P —40°to + 85°C PI ic D 
| 0 astic DIP 
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MAXIMUM RATINGS 


[ Symbol 
Total Power Supply and Zener Current (Icc +12) 
Output Current, Source or Sink (Note 1} lo 
Output Energy (Capacitive Load per Cycle) Ww 
Current Sense, Enable, and Voltage Vin —0.3 to +5.5 
Feedback Inputs 
| ZI 
Sync Input ~—High State (Voltage) ViH 5.5 Vv 
—Low State (Reverse Current) hit ~5.0 mA 
Error Amp Output Sink Current lo 10 mA 
Power Dissipation and Thermal Characteristics 
OW Suffix Package SO-16 Case 751G-01 
Maximum Power Dissipation @ Ta = 25°C Pp 862 mw 
Thermal Resistance Junction to Air Resa 145 °C/W 
P Suffix Package Case 648-06 
Maximum Power Dissipation @ Ta = 25°C PD 1.25 Ww 
Thermal Resistance Junction to Air Raga 100 “CW 
+— 
Operating Junction Temperature Ty +150 od 6 | 
; : | eee 3 
Operating Ambient Temperature MC34065 T Oto +70 i °C 
MC33065 A | -40to +85 
Storage Temperature Range _| Tstg —65 to +150 "¢ 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V [Note 2], Ry = 8.2 kQ, Cyt = 3.3 nF, for typical values Ta = 25°C, for min/max 
values Ta is the operating ambient temperature range that applies [Note 3].) 


| Characteristic | Symbol {_ Min Typ | Max | Unit 
REFERENCE SECTION : 
Reference Output Voitage (IQ = 1.0 mA, Ty = 25°C) Vref 4.9 


OSCILLATOR and PWM SECTIONS 


Total Frequency Variation over Line and Temperature MC34065 
(Vcc = 11 V to 15 V, Ta = Tlow to Thigh) MC33065 


Frequency Change with Voltage (Vcc = 11 V to 15 V) 


Afosc’/AV 


Duty Cycle at each Output — Maximum DCmax 49.5 52 % 
—Minimum OCmin _ _ 0 
+ seen 
Sync Input Current —High State (Vij, = 2.4 V) lH —_ 170 250 pA 
— Low State (Vin = 0.8 V) Ne = 80 | 160 
ERROR AMPLIFIERS 
Voltage Feedback Input (Vo = 2.5 V) VFB 


Input Bias Current (VFg = 5.0 V) ip 
Open-Loop Voltage Gain (Vg = 2.0 to 4.0 V) AVOL 
Unity Gain Bandwidth (Ty = 25°C) BW 
Power Supply Rejection Ratio (Vcc = 11 V to 15 V) PSRR 
Output Current —Source (Vo = 3.0 V, Veg = 2.3 V) 'Source 
—Sink (Vg = 1.2 V, Veg = 2.7 V) ISink 
| Output Voltage Swing —High State (Ry = 15 k to ground, VrFg = 2.3 V) VOH 
| —Low State (Ry = 15k to Vref. VFB = 2.7 V) VOL 


Notes: 1. Maximum package power dissipation limits must be observed. 
2. Adjust Vcc above the Start-Up threshold before setting to 15 V. 
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
Tiow = O°C for the MC34065 Thigh = + 70°C for MC34065 
= —40°C for MC33065 = +85°C for MC33065 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V [Note 2], Rt = 8.2 kM, CT = 3.3 nF, for typical values Ta = 25°C, for min/max 
values Tg is the operating ambient temperature range that applies [Note 3].) 


| Characteristic [ Symbol Min. | Typ Max | Unit 
CURRENT SENSE SECTION 
| Current Sense Input Voltage Gain (Notes 4 and 5) 


Maximum Current Sense Input Threshold (Note 4} 


Input Bias Current 


Propagation Delay (Current Sense Input to Output) 
DRIVE OUTPUT 2 ENABLE PIN 


Enable Pin Voltage 
High State (Output 2 Enabled) 
Low State (Output 2 Disabled) 


Low State Input Current (Vj_ = 0 V) 
DRIVE OUTPUTS 
[ Output Voltage ay Vv 
Low State (Isiqnk = 20 mA) VOL — 0.1 0.4 
(ISink = 200 mA) _ 0.8 2.5 
High State (Isgurce = 20 mA) VOH 13 13.5 _ 
ISource = 200 mA) L 2 | 134 | — | 
| Output Voltage with UVLO Activated Vouiuvio) | — 0.1 1.1 Vv | 
(Vcc = 6.0 V, ISink = 1.0 mA) 
CC iii = | ane — 
Output Voltage Rise Time (CL = 1.0 nF) ty ae an 28 150 ns 
ca 
Output Voltage Fall Time (CL = 1.0 nF) tt ae 25 4 50 ns 
UNDERVOLTAGE LOCKOUT SECTION 
— ~— 
Start-Up Threshold Vth 13 14 15 
[ Minimum Operating Voitage After Turn-On VCC(min) | 9.0 i 10 11 Vv 
TOTAL DEVICE 
= —- 
Power Supply Current Icc mA 
Start-Up (Vcc = 12 V) = 0.6 1.0 
Operating (Note 2) fe =e 20 25 | 
= | 
Power Supply Zener Voitage (Icc = 30 mA) Vz alls 15.5 i 7 | 19 L Vv 


Notes: 1. Maximum package power dissipation limits must be observed. 
2. Adjust Vcc above the Start-Up threshold before setting to 15 V. 
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
Tlow = O°C for the MC34065 Thigh = + 70°C for MC34065 
= ~40°C for MC33065 = +85°C for MC33065 
4. This parameter is measured at the latch trip point with Vfp - OV. 
AV Compensation 


5. Comparator gain is defined Ay = 
P gaun.s Ee Be AN AV Current Sense 


FIGURE 1 — TIMING RESISTOR versus FIGURE 2 — MAXIMUM OUTPUT DUTY CYCLE 
OSCILLATOR FREQUENCY versus OSCILLATOR FREQUENCY 


Rt = 4.0k to 16k 
Cy = 15 pF 
Ta = 25°C 


Rr, TIMING RESISTOR {k{2) 
S 


DCmax. DUTY CYCLE MAXIMUM (%) 


N 


10K 30K = 50K 100K 300K 500K 1.0M 10K 30K = 50K 100K 300K 500K 1.0M 
fosc, OSCILLATOR FREQUENCY (Hz fosc. OSCILLATOR FREQUENCY (Hz) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-234 


MC34065 MC33065 


FIGURE 3 — ERROR AMP SMALL-SIGNAL FIGURE 4 — ERROR AMP LARGE-SIGNAL 
TRANSIENT RESPONSE TRANSIENT RESPONSE 


= 
> 2 
g z 
ve a te be Ss 
1 GN 
1.0 ys. DIV 1.0 us DIV 
FIGURE 5 — ERROR AMP OPEN-LOOP GAIN AND FIGURE 6 — CURRENT SENSE INPUT THRESHOLD 
PHASE versus FREQUENCY versus ERROR AMP OUTPUT VOLTAGE 
100 ani cae as ee Cana ra 
Vcc = 15V — 
a0 Vo = 15Vt025V__}39 


Ry = 100K 


Avo, OPEN-LOOP VOLTAGE GAIN (dB) 
& 
Pa 
&, EXCESS PHASE (DEGREES) 


Vth, CURRENT SENSE INPUT THRESHOLD (V} 


P| eee ae age Pe a 180 
10 100 1.0K 10K 100K 1.0M 10M 0 1.0 2.0 3.0 40 5.0 6.0 70 
f, FREQUENCY. (Hz) Vg, ERROR AMP OUTPUT VOLTAGE (V) 
FIGURE 7 — REFERENCE VOLTAGE CHANGE FIGURE 8 — REFERENCE SHORT CIRCUIT CURRENT 
versus SOURCE CURRENT versus TEMPERATURE 


AVref, REFERENCE VOLTAGE CHANGE (mV) 


Igc, REFERENCE SHORT CIRCUIT CURRENT (mA) 


—55 -2 0 25 50 ok) 100 125 
\ref. REFERENCE SOURCE CURRENT (mA) Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 9 — REFERENCE LOAD REGULATION FIGURE 10 — REFERENCE LINE REGULATION 


Vec = 11Vto 15V 
Ta = 25°C 


AVo, OUTPUT VOLTAGE CHANGE (2.0 mV:DIV} 


Vat OUTPUT SATURATION VOLTAGE (V) 


1.0 ms DIV 


FIGURE 11 — OUTPUT SATURATION VOLTAGE 
versus LOAD CURRENT 


| ‘Source Saturation fs fi Vcc 5 Vv 
Voc Load to Ground) | 80 yas Pulsed Load 
ao aoa as | +—— 120 Hz Rate 


| 
Ta = 25°C 


Sink Saturation 


\ {Load to Vcc} | 
— 4 te ——————_) 
0 200 400 600 800 


19, OUTPUT LOAD CURRENT (mA) 


FIGURE 13 — OUTPUT CROSS-CONDUCTION 
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AVo, OUTPUT VOLTAGE CHANGE (2.0 mV DIV) 


FIGURE 12 — OUTPUT WAVEFORM 


1.0 ms DIV 


50 ns DIV 


FIGURE 14 — SUPPLY CURRENT versus SUPPLY VOLTAGE 


Vcc, SUPPLY VOLTAGE (V) 
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MC34065 


OPERATING DESCRIPTION 

The MC34065 series are high performance, fixed fre- 
quency, dual channel current mode controllers specif- 
ically designed for Off-Line and DC-to-DC converter 
applications. These devices offer the designer a cost 
effective solution with minimal external components 
where independent regulation of two power converters 
is required. The Representative Block Diagram is shown 
in Figure 15. Each channel contains a high gain error 
amplifier, current sensing comparator, pulse width 
modulator latch, and totem pole output driver. The 
oscillator, reference regulator, and undervoltage lock- 
out circuits are common to both channels. 


Oscillator 

The unique oscillator configuration employed fea- 
tyres precise frequency and duty cycle control. The fre- 
quency is programmed by the values selected for the 
timing components Rt and Cr. Capacitor CT is charged 
and discharged by an equal magnitude internal current 
source and sink, generating a symmetrical 50 percent 
duty cycle waveform at Pin 2. The oscillator peak and 
valley thresholds are 3.5 V and 1.6 V respectively. The 
source/sink current magnitude is controlled by resistor 
Rr. For proper operation over temperature it must be 
in the range of 4.0 kM to 16 kM as shown in Figure 1. 

As Cy charges and discharges, an internal blanking 
pulse is generated that alternately drives the center 
inputs of the upper and lower NOR gates high. This, in 
conjunction with a precise amount of delay time intro- 
duced into each channel, produces well defined non- 
overlapping output duty cycles. Output 2 is enabled 
while Cy is charging, and Output 1 is enabled during 
the discharge. Figure 2 shows the Maximum Output 
Duty Cycle versus Osciliator Frequency. Note that even 
at 500 kHz, each output is capable of approximately 44% 
on-time, making this controller suitable for high fre- 
quency power conversion applications. 

In many noise sensitive applications it may be desir- 
able to frequency-lock the converter to an external sys- 
tem clock. This can be accomplished by applying a clock 
signa! as shown in Figure 17. For reliable locking, the 
free-running oscillator frequency should be set about 
10% less than the clock frequency. Referring to the tim- 
ing diagram shown in Figure 16, the rising edge of the 
clock signal applied to the Sync input, terminates charg- 
ing of Cy and Drive Output 2 conduction. By tailoring 
the clock waveform symmetry, accurate duty cycle 
clamping of either output can be achieved. A circuit 
method for this, and multi unit synchronization, is 
shown in Figure 18. 


Error Amplifier 

Each channel contains a fully-compensated Error 
Amplifier with access to the inverting input and output. 
The amplifier features a typical dc voltage gain of 
100 dB, and a unity gain bandwidth of 1.0 MHz with 71 
degrees of phase margin (Figure 5). The non-inverting 
input is internally biased at 2.5 V and is not pinned out. 
The converter output voltage is typically divided down 
and monitored by the inverting input through a resistor 
divider. The maximum input bias current is —1.0 vA 
which will cause an output voltage error that is equal 
to the product of the input bias current and the equiv- 
alent input divider source resistance. 


MC33065 


The Error Amp output (Pin 5, 12) is provided for exter- 
nal loop compensation. The output voltage is offset by 
two diode drops (~1.4 V) and divided by three before 
it connects to the inverting input of the Current Sense 
Comparator. This guarantees that no pulses appear at 
the Drive Output (Pin 7, 10) when the error amplifier 
output is at its lowest state (VoL). This occurs when the 
power supply is operating and the load is removed, or 
at the beginning of a soft-start interval (Figures 20, 21). 

The minimum allowable Error Amp feedback resis- 
tance is limited by the amplifier’s source current 
(0.5 mA) and the output voltage (Voy) required to reach 
the comparator’s 0.5 V clamp level with the inverting 
input at ground. This condition happens during initial 
system startup or when the sensed output is shorted: 
3.0 (0.5 V) + 1.4V 

0.5 mA 


Rf(MIN) * = 5800 9 


Current Sense Comparator and PWM Latch 

The MC34065 operates as a current mode controller, 
whereby output switch conduction is initiated by the 
oscillator and terminated when the peak inductor cur- 
rent reaches the threshold level established by the Error 
Amplifier output. Thus the error signal controls the peak 
inductor current on a cycle-by-cycle basis. The Current 
Sense Comparator-PWM Latch configuration used 
ensures that only a single pulse appears at the Drive 
Output during any given oscillator cycle. The inductor 
current is converted to a voltage by inserting a ground- 
referenced sense resistor Rs in series with the source 
of output switch Q1. This voltage is monitored by the 
Current Sense Input (Pin 6, 11) and compared to a level 
derived from the Error Amp output. The peak inductor 
current under normal operating conditions is controlled 
by the voltage at Pin 5, 12 where: 


ae ViPin 5, 12) ~ 1.4V 
3Rs 

Abnormal operating conditions occur when the 
power supply output is overloaded or if output voltage 
sensing is lost. Under these conditions, the Current 
Sense Comparator threshold will be internally clamped 
to 0.5 V. Therefore the maximum peak switch current 
is: 


0.5 V 
Ipk(max) = hee 


When designing a high power switching regulator it 
may be desirable to reduce the internal clamp voltage 
in order to keep the power dissipation of Rs to a rea- 
sonable level. A simple method to adjust this voltage 
is shown in Figure 19. The two external diodes are used 
to compensate the internal diodes, yielding a constant 
clamp voltage over temperature. Erratic operation due 
to noise pickup can result if there is an excessive reduc- 
tion of the Ipk(max) clamp voltage. 

A narrow spike on the leading edge of the current 
waveform can usually be observed and may cause the 
power supply to exhibit an instability when the output 
is lightly loaded. This spike is due to the power trans- 
former interwinding capacitance and output rectifier 
recovery time. The addition of an RC filter on the Current 
Sense input with a time constant that approximates the 
spike duration will usually eliminate the instability; refer 
to Figure 24. 
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FIGURE 15 — REPRESENTATIVE BLOCK DIAGRAM 
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Undervoltage Lockout 

Two Undervoltage Lockout comparators have been 
incorporated to guarantee that the IC is fully functional 
before the output stages are enabled. The positive 
power supply terminal (Vcc) and the reference output 
(Vref) are each monitored by separate comparators. 
Each has built-in hysteresis to prevent erratic output 
behavior as their respective thresholds are crossed. The 
Vcc comparator upper and lower thresholds are 14 V 
and 10 V respectively. The hysteresis and low start-up 
current makes these devices ideally suited to off-line 
converter applications where efficient bootstrap start- 
up techniques are required (Figure 28). The Vref com- 
parator disables the Drive Outputs until the internal cir- 
cuitry is functional. This comparator has upper and 
lower thresholds of 3.6 V and 3.4 V. A 17 V zener is 
connected as a shunt regulator from Vcc to ground. Its 
purpose is to protect the IC and power MOSFET gate 
from excessive voltage that can occur during system 
start-up. The guaranteed minimum operating voltage 
after turn-on is 11 V. 


Drive Outputs and Drive Ground 

Each channel contains a single totem-pole output 
stage that is specifically designed for direct drive of 
power MOSFET'’s. The Drive Outputs are capable of up 
to +1.0 A peak current and have a typical rise and fall 
times of 28 ns with a 1.0 nF load. Internal circuitry has 
been added to keep the outputs in a sinking mode when- 
ever an Undervoitage Lockout is active. This character- 
istic eliminates the need for an external pull-down resis- 
tor. Cross-conduction current in the totem-pole output 
stage has been minimized for high speed operation, as 
shown in Figure 13. The average added power due to 
cross-conduction with Vcc = 15 V is only 60 mW at 
500 kHz. 

Although the Drive Outputs were optimized for 
MOSFETs, they can easily supply the negative base cur- 
rent required by bipolar NPN transistors for enhanced 
turn-off (Figure 25). The outputs do not contain internal 
current limiting, therefore an external series resistor 
may be required to prevent the peak output current from 
exceeding the +1.0 A maximum rating. The sink satu- 
ration (VoL) is less than 0.4 V at 100 mA. 


FIGURE 17 — EXTERNAL CLOCK SYNCHRONIZATION 
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The external diode clamp is required if the negative Sync current 
is greater than -5.0 mA. 


Omax Drive Output 1 = 


MC33065 


A separate Drive Ground pin is provided and, with 
proper implementation, will significantly reduce the 
level of switching transient noise imposed on the con- 
trol circuitry. This becomes particularly useful when 
reducing the Ipk(max) Clamp level. Figure 23 shows the 
proper ground connections required for current sensing 
power MOSFET applications. 


Drive Output 2 Enable Pin 

This input is used to enable Drive Output 2. Drive 
Output 1 can be used to control circuitry that must run 
continuously such as volatile memory and the system 
clock, or a remote controlled receiver, while Drive Out- 
put 2 controls the high power circuitry that is occasion- 
ally turned off. 


Reference 

The 5.0 V bandgap reference is trimmed to +2.0% 
tolerance at Tj = 25°C. The reference has short circuit 
protection and is capable of providing in excess of 
30 mA for powering any additional control system 
circuitry. 


Design Considerations 

Do not attempt to construct the converter on wire- 
wrap or plug-in prototype boards. High frequency cir- 
cuit layout techniques are imperative to prevent pulse- 
width jitter. This is usually caused by excessive noise 
pick-up imposed on the Current Sense or Voltage Feed- 
back inputs. Noise immunity can be improved by low- 
ering circuit impedances at these points. The printed 
circuit layout should contain a ground plane with low 
current signa! and high current switch and output 
grounds returning on separate paths back to the input 
filter capacitor. Ceramic bypass capacitors (0.1 4 F) con- 
nected directly to Vcc and Vref may be required 
depending upon circuit layout. This provides a low 
impedance path for filtering the high frequency noise. 
All high current loops should be kept as short as pos- 
sible using heavy copper runs to minimize radiated EMI. 
The Error Amp compensation circuitry and the con- 
verter output voltage-divider should be located close to 
the IC and as far as possible from the power switch and 
other noise generating components. 


FIGURE 18 — EXTERNAL DUTY CYCLE CLAMP AND 
MULTI UNIT SYNCHRONIZATION 
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FIGURE 19 — ADJUSTABLE REDUCTION OF CLAMP LEVEL 
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FIGURE 21 — ADJUSTABLE REDUCTION OF CLAMP LEVEL 
WITH SOFT-START 
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FIGURE 23 — CURRENT SENSING POWER MOSFET 
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Virtually lossless current sensing can be achieved with the 
implementation of a SENSEFET power switch. For proper oper 
ation during over Current conditions, a reduction of the 
Ipkimax) Clamp level must be implemented. Refer to Figures 
19 and 21 
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FIGURE 20 — SOFT-START CIRCUIT 
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FIGURE 22 — MOSFET PARASITIC OSCILLATIONS 
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Series gate resistor Rg may be needed to damp high frequency 
parasitic oscillations Caused by the MOSFET input capacitance 
and any senes wiring inductance in the gate-source circuit. R, 

will decrease the MOSFET switching speed. Schottky diode Dy 
is required if circuit ringing drives the output pin below ground 


FIGURE 24 — CURRENT WAVEFORM SPIKE SUPPRESSION 


Vin 


The addition of the RC filter will eliminate instability caused 
by the leading edge spike on the current waveform 
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FIGURE 25 — BIPOLAR TRANSISTOR DRIVE FIGURE 26 — ISOLATED MOSFET DRIVE 
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The totem-pole outputs can furnish negative base current for 
enhanced transistor turn-off, with the addition of capacitor C1 


FIGURE 27 — DUAL CHARGE PUMP CONVERTER 
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The capacitor’s equivalent series resistance must limit the Drive Output current to 1.0 A. 
An additional series resistor may be required when using tantalum or other low ESR 
capacitors. The positive output can provide excellent line and load regulation by 
connecting the R2/R1 resistor divider as shown. 
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FIGURE 28 — 125 WATT OFF-LINE CONVERTER 
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100 V Output lo = 10A A = 40 mV or +0.02% 
+12 V Outputs lo = +1.0A A = 32 mV or +0.13% 
9.0 V Output lo = 0.1A = 55 mV or +0.31% 


Load Regulation 
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Output Ripple Vin = 115 Vac 


100 V Output lo = 1.0A 40 mVp-p 
+12 V Outputs Io = +1.0A 100 mVp-p 
9.0 V Output 0.1A 60 mVp-p 
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Output 2 
Shutdown 


AL 


T1 ~ 468 «H per section at 2.5 A, 
Coilcraft E3496A. 

T2 — Primary: 156 Turns, #34 AWG 
Primary Feedback: 19 Turns, 
#34 AWG 
Secondary: 17 Turns, #28 AWG 
Core: TOK H7C1EE22-Z 
Bobbin: BE22-6H 
Gap: ~0.001" for a primary 
inductance of 6.8 mH 

T3 — Primary: 56 Turns, #23 AWG 
(2 strands) Bifiliar Wound 
Secondary +12 V: 4 Turns, 
#23 AWG (4 strands} 
Quadfiliar Wound 
Secondary 100 V: 32 Turns, 
#23 AWG (2 strands) Bifiliar 
Wound 
Core: Ferroxcube EEC 40-3C8 
Bobbin: Ferroxcube 40-1112CP 
Gap: ~0.030” for a primary 
inductance of 212 uwH 

L1, L3, L4 — 25 pH at 1.0A, 

Coilcraft 27157. 

2 — 10 wH at 3.0 A, Coilcraft 

PCV-0-010-03. 


MC34065 MC33065 


125 WATT OFF-LINE CONVERTER 


AC LINE INPUT 


3 = <i 


*100 V & +12 V Shutdown 
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PIN FUNCTION DESCRIPTION 


Penaer 
Pin # Function Description 
. _ - . . . eden 

1 [syne {Input | A narrow rectangular waveform applied to this input will synchronize the Oscillator. A de voitage 
within the range of 2.4 V to 5.5 V will inhibit the Oscillator. 

2 Cr Timing capacitor CT connects from this pin to ground setting the free-running Oscillator fre- 
quency range. 

3 RT Resistor Rt connects from this pin to ground precisely setting the charge current for C7. Ry 
must be between 4.0 k and 16 k. 

4 Voitage Feedback 1 This pin is the inverting input of Error Amplifier 1. It is normally connected to the switching 
power supply output through a resistor divider. 

5 Compensation 1 This pin is the output of Error Amplifier 1 and is made available for loop compensation. 

6 Current Sense 1 A voltage proportional to the inductor current is connected to this input. PWM 1 uses this 
information to terminate conduction of output switch Q1. 

7 Drive Output 1 This pin directly drives the gate of a power MOSFET Q1. Peak currents up to 1.0 A are sourced 
and sunk by this pin. 

8 Gnd This pin is the control circuitry ground return and is connected back to the source ground. 

9 Drive Gnd This pin is a separate power ground return that is connected back to the power source. It is used 
to reduce the effects of switching transient noise on the control circuitry. 

10 Drive Output 2 This pin directly drives the gate of a power MOSFET Q2. Peak currents up to 1.0 A are sourced 
and sunk by this pin. 

11 Current Sense 2 A voltage proportional to inductor current is connected to this input. PWM 2 uses this information 
to terminate conduction of output switch Q2. 

12 Compensation 2 This pin is the output of Error Amplifier 2 and is made available for loop compensation. 

13 Voltage Feedback 2 This pin is the inverting input of Error Amplifier 2. It is normally connected to the switching 
power supply output through a resistor divider. 

14 Drive Output 2 Enable | A logic low at this input disables Drive Output 2. 

15 Vref This is the 5.0 V reference output. It can provide bias for any additional system circuitry. 

16 Vcc This pin is the positive supply of the control IC. The minimum operating voltage range after 


start-up is 11 V to 15.5 V. 
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m SEMICON R 
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Product Preview 
HIGH PERFORMANCE 


RESONANT MODE 
HIGH PERFORMANCE RESONANT MODE CONTROLLER CONTROLLER 
The MC34066 series are high performance resonant mode con- 
trollers designed for Off-Line and DC-to-DC converter applications SILICON MONOLITHIC 
that utilize frequency modulated constant on-time or constant off- INTEGRATED CIRCUIT 


time control. These integrated circuits feature a variable frequency 
oscillator with programmable deadtime, precision retriggerable 
one-shot timer, temperature compensated reference, high gain 
wide-bandwidth error amplifier with a precision output clamp, 
steering flip-flop, and dual high current totem pole outputs ideally 
suited for driving power MOSFETs. 

Also included are protective features consisting of a high speed 
fault comparator and latch, programmable soft-start circuitry, P SUFFIX 
input undervoltage lockout with selectable thresholds, and ref- PLASTIC PACKAGE 
erence undervoltage lockout. ceo 

These devices are available in dual-in-line and surface mount 
packages. 


@ Variable Frequency Oscillator with a Control Range 
Exceeding 1000:1 


@ Programmable Oscillator Deadtime allows Constant Off-Time 


Operation BUARTIC PACEAE 
® Precision Retriggerable One-Shot Timer : CASE 751G 
® Internally Trimmed Bandgap Reference : (SO-16) 
@ 5.0 MHz Error Amplifier with Precision Output Clamp 
@ Dual High Current Totem Pole Outputs 
@ Selectable Undervoltage Lockout Thresholds with Hysteresis 
@ Enable Input 
@ Programmable Soft-Start Circuitry PIN CONNECTIONS 
@ Low Start-Up Current for Off-Line Operation 


Osc Deadtime 16] One-Shot RC 


SIMPLIFIED BLOCK DIAGRAM 
Osc Control Drive Output A 
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(Top View) 
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ORDERING INFORMATION 


Temperature 
Range Package 


SO-16 


Oto +70°C : 
Plastic DIP 


Error Amp 9 
Out ¢ 


Device 
MC34066DW 


Error Amp + O 
8 © Fault Input 
Error Amp - O 10 


MC34066P 

MC33066DW SO-16 
—40 to +85°C 

MC33066P Plastic DIP 


This document contains information on a new product under development. Motorola reserves the 
right to change or discontinue the product without notice. 
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MAXIMUM RATINGS 
| Symbol | 
| Voc 


Power Supply Voltage Vcc 
Drive Output Current, Source or Sink (Note 1) lo 
Vin 


Continuous 
Pulsed (0.5 us, 25% Duty Cycle) 


Error Amplifier, Fault, One-Shot, Oscillator, and 
Soft-Start Inputs 


UVLO Adjust Input Vin(UVLO) 


Power Dissipation and Thermal Characteristics 


DW Suffix Package SO-16 Case 751G 
Maximum Power Dissipation @ Ta = 25°C 
Thermal Resistance Junction to Air 

P Suffix Package Case 648 
Maximum Power Dissipation @ Ta = 25°C 
Thermal Resistance Junction to Air 


Operating Junction Temperature 


Operating Ambient Temperature 
MC34066 0 to +70 
MC33066 —40 to +85 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = 12 V [Note 2], Rosc = 95.3k, Rpt = 09, Ryfo = 5.62 k, Cogc = 300 pF, 
RT = 14.3k, Cp = 300 pF, CL = 1.0 nf, for typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature 
range that applies [Note 3] unless otherwise noted.) 


Characteristic |_Symbot__| min | typ | Max | Unit _| 
REFERENCE SECTION 


Reference Output Voltage {ig = 0 mA, Ta = 25°C) 
Line Regulation (Vcc = 10 V to 18 V) 
Load Regulation (lg = 0 mA to 10 mA) 


Tota! Output Variation Over Line, Load, and Temperature 
Output Short Circuit Current 


Reference Undervoltage Lockout Threshold 

ERROR AMPLIFIER 

Input Offset Voitage (Vcjy = 1.5 V) 

Input Bias Current (Vcjy = 1.5 V) 

Input Offset Current (Vc = 1.5 V) 

Open-Loop Voitage Gain (Vc = 1.5 V, Vo = 2.0 V) 
Gain Bandwidth Product (f = 100 kHz) 


input Common Mode Rejection Ratio (Vc = 1.5 V to 5.0 V) 


Power Supply Rejection Ratio (Vcc = 10 V to 18 V, f = 120 Hz) 


Output Voltage Swing 
High State with respect to Pin 3 (ISgurce = 2.0 mA) 
Low State with respect to ground (isink = 1.0 mA) 


NOTES: 1. Maximum package power dissipation limits must be observed. 
2. Adjust Vcc above the Start-Up threshold before setting to 12 V. 
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
Tlow = 0°C for MC34066 Thigh = +70°C for MC34066 
= —40°C for MC33066 = +85°C for MC33066 
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ELECTRICAL CHARACTERISTICS (continued) (Vcc = 12 V [Note 2], Rosc = 95.3 k, Rpt = 02, Ryfo = 5.62k, 
Cosc = 300 pF, Ry = 14.3 k, Cy = 300 pF, C_ = 1.0 nF, for typical values Ta = 25°C, for min/max values Ta is the operating 
ambient temperature range that applies [Note 3] unless otherwise noted.) 


| Characteristic | Symbot | min | typ | Max | Unit | 


OSCILLATOR 


Frequency (Error Amp Output Low) fosc(low) 
Ta = 25°C 90 100 110 
Total Variation (Vcc = 10 V to 18 V, Ta = TLow to THig 85 — 115 
Frequency (Error Amp Output High) foSc(high) kHz 
Ta = 25°C ae 1100 
Total Variation (Vcc = 10 V to 18 V, TA = TLow tO THig 1150 


Oscillator Control Input Voltage, Pin 3 (Igink = 0.5 mA, Ta = 25°C) ee ae 


Output Deadtime (Error Amp Output High) 
Rpt = 02 70 
Rot = 1.0k 700 


ONE-SHOT 


Drive Output On-Time (Rpt = 1.0 k) 

Ta = 25°C 

Total Variation (Vcc = 10 V to 18 V, TA = TLow to THig 
DRIVE OUTPUTS 


Output Voltage 
Low State (Isink = 20 mA) 
(ISink = 200 mA) 
High State (isource = 20 mA) 
(Source = 200 sin 


Output Voltage Rise Time (CL = 1.0 nF) 
Output Voltage Fall Time (CL = 1.0 nF) 
FAULT COMPARATOR 


Input Threshold | ven | oss | 0 [105 |v | 
Input Bias Current (Vpin 19 = 0 V) [| ie | [20 [-10 | nA | 
Propagation Delay to Drive Outputs (100 mV Overdrive) tPLH(IN/OUT) | — | 6 | 100 | ns | 


SOFT-START 


Capacitor Charge Current (Vpin 11 = 2.5 VI | tng =| 45 | 90 | a | 


Start-Up Threshold, Vcc Increasing 
Enable/UVLO Adjust Pin Open 
VeC(min) Vv 
8.0 9.0 
Enable/UVLO Adjust Pin Connected to Vcc 7.6 8.6 
Enable/UVLO Adjust Shutdown Threshold Voltage VthiEnabley) | 60 | 70 | — | vi | 


Capacitor Discharge Current (Vpin 11 = 2.5 VI lidchg Ca a 
Enable/UVLO Adjust Pin Connected to Vcc 
Minimum Operating Voltage After Turn-On 
Enable/UVLO Adjust Input Current (Pin 9 = 0 V) lin(Enable) | — |-o2 [-10 | ma | 
TOTAL DEVICE 


UNDERVOLTAGE LOCKOUT 
Vth(UVLO) Vv 
14.8 16 17.2 
8.0 9.0 10 
Enable/UVLO Adjust Pin Open 
Power Supply Current (Enable/UVLO Adjust Pin Open) 


Start-Up (Vcc = 13.5 V) 
Operating (fosc = 100 kHz, Note 2) 


NOTE 2. Adjust Vcc above the Start-Up threshold before setting to 12 V. 
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FIGURE 1 — MC34066 FUNCTIONAL BLOCK DIAGRAM 
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INTRODUCTION 

As power supply designers have strived to increase 
power conversion efficiency and reduce passive com- 
ponent size, high frequency resonant mode power con- 
verters have emerged as attractive alternatives to con- 
ventional square-wave contro!. When compared to 
Square-wave converters, resonant mode control offers 
several benefits including lower switching losses, 
higher efficiency, lower EM! emission, and smaller size. 
This integrated circuit has been developed to support 
new trends in power supply design. The MC34066 Res- 
onant Mode Controller is a high performance bipolar IC 
dedicated to variable frequency power control at fre- 
quencies exceeding 1.0 MHz. This integrated circuit pro- 
vides the features, performance and flexibility for a wide 
variety of resonant mode power supply applications. 

The primary purpose of the control chip is to supply 
precise pulses to the gates of external power MOSFETs 
at a repetition rate regulated by a feedback control loop. 
The MC34066 can be operated in any of three modes 
as follows: 1) fixed on-time, variable frequency; 2) fixed 
off-time, variable frequency; and 3) combinations of 1 
and 2 that change from fixed on-time to fixed off-time 
as the frequency increases. Additional features of the 
IC ensure that system start-up and fault conditions are 
administered in a safe, controiled manner. 

A simplified block diagram of the IC is shown on the 
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first page of this data sheet, which identifies the main 
functional blocks and the block-to-block intercon- 
nects. Figure 1 is a detailed functional diagram which 
accurately represents the internal circuitry. The var- 
ious functions can be divided into two sections. The 
first section includes the primary contro] path which 
produces precise output pulses at the desired fre- 
guency. Included in this section are a variable fre- 
quency Oscillator, a One-Shot, a pulse Steering Flip- 
Flop, a pair of power MOSFET Drivers, and a wide 
bandwidth Error Amplifier. The second section pro- 
vides several peripheral support functions including 
a voltage reference, undervoltage lockout, Soft-Start 
circuit, and a fault detector. 


PRIMARY CONTROL PATH 

The output pulse width and repetition rate are regu- 
lated through the interaction of the variable frequency 
Oscillator, One-Shot timer and Error Amplifier. The 
Oscillator triggers the One-Shot which generates a 
pulse that is alternately steered to a pair of totem-pole 
output drivers by a toggle Flip-Flop. The Error Ampli- 
fier monitors the output of the regulator and modu- 
lates the frequency of the Oscillator. High-speed 
Schottky logic is used throughout the primary control 
channel to minimize delays and enhance high fre- 
quency characteristics. 
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Oscillator 

The characteristics of the variable frequency Oscil- 
lator are crucial for precise controller performance at 
high operating frequencies. In addition to triggering the 
One-Shot timer and initiating the output pulse, the 
Oscillator also determines the initial voltage for the One- 
Shot capacitor and defines the minimum deadtime 
between output pulses. The Oscillator is designed to 
operate at frequencies exceeding 1.0 MHz. The Error 
Amplifier can control the oscillator frequency over a 
1000:1 frequency range, and both the minimum and 
maximum frequencies are easily and accurately pro- 
grammed by the proper selection of external compo- 
nents. The Oscillator also includes an adjustable dead- 
time feature for applications requiring additional time 
between output pulses. 

The functional diagram of the Oscillator and One-Shot 
timer is shown in Figure 2. The oscillator capacitor 
Cosc is initially charged by transistor Q1 through the 
optional deadtime resistor Rpt. When Cosc exceeds 
the 4.9 V upper threshold of the oscitlator comparator, 
the base of Q1 is pulled low allowing Cosc to discharge 
through the external resistors and the internal Current 
Mirror. When the voltage on Cgc falls below the com- 
parator’s 3.6 V lower threshold, Q1 turns on and again 
charges Cosc. 


FIGURE 2 — OSCILLATOR AND ONE-SHOT TIMER 
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If RpT is zero ohms, Cosc charges from 3.6 V to 5.1 V 
in less than 50 ns. The high slew rate of Cogc and the 
propagation delay of the comparator make it difficult to 
control the peak voltage. This accuracy issue is over- 
come by clamping the base of Q1 through diode Q2 to 
a voltage reference. The peak voltage of the oscillator 
waveform is thereby precisely set at 5.1 V. 

The frequency of the Oscillator is modulated by vary- 
ing the current lgsc flowing through RyFoq into the Osc 
Control Current pin. The control current drives a unity 
gain Current Mirror which pulls an identical current 
from the Cosc capacitor. As losc increases, Cosc dis- 
charges faster thus decreasing the Oscillator period and 
increasing the frequency. The maximum frequency 
occurs when the Error Amplifier output is at the upper 
clamp level, nominally 2.5 V above the voltage at the 
Osc Control Current pin. The minimum discharge time 


for Cosgc, which corresponds to the maximum oscil- 
lator frequency, is given by Equation 1. 


tdchg(min) =(RDT+Rosc)Coscln 


The minimum oscillator frequency will result when 
the losc current is zero, and Cosc is discharged 
through the external resistors Rosc and Rpt. This 
occurs when the Error Amplifier output voltage is less 
than the two diode drops required to bias the input of 
the Current Mirror. The maximum oscillator discharge 
time is given by Equation 2. 


5.1 
tdchgi(max) = (RpT+Rosc) Cosc In (32) (2) 


The outputs of the control IC are off whenever the 
oscillator capacitor Cosc is being charged by tran- 
sistor Q1. The minimum time between output pulses 
(deadtime) can be programmed by controlling the 
charge time of Cosc. Resistor Rpt reduces the cur- 
rent delivered by Q1 to Cosc, thus increasing the 
charge time and the output deadtime. Varying Rpt 
from 0 to 1000 ohms will increase the output deadtime 
from 80 ns to 680 ns with Cosc equal to 300 pF. The 
general expression for the oscillator charge time is 
given by Equation 3. 


5.1—3.6 
tchg = Rot Cosc In (24-28) + 80 ns (3) 


The minimum and maximum oscillator frequencies 
are programmed by the proper selection of resistor 
Rosc and Ryro. After selecting Rpt for the desired 
deadtime, the minimum frequency is programmed by 
Rosc using Equations 2 and 3 in Equation 4: 


= tdchgimax) + tchg (4) 


fOSC(min) 

The maximum oscillator frequency is set by resistor 

Ryro in a similar fashion using Equations 1 and 3 in 
Equation 5: 


= tdchg(min) + tchg (5) 


foscimax) 
The value chosen for resistor Rpt will affect the peak 
voltage of the oscillator waveform. As Rpt is increased 
from zero, the time required to charge Cosc becomes 
large with respect to the propagation delay through the 
oscillator comparator. Consequently, the overshoot of 
the upper threshold is reduced and the peak voltage on 
the oscillator waveform drops from 5.1 V to 4.9 V. The 
best frequency accuracy is achieved when Rpt is zero 
ohms. 


One-Shot Timer 

The One-Shot capacitor C7 is charged concurrently 
with the oscillator capacitor by transistor Q1, as 
shown in Figure 2. The One-Shot period begins when 
the oscillator comparator turns off Q1, allowing CT to 
discharge. The period ends when resistor Ry dis- 
charges CT to the threshold of the One-Shot compar- 
ator. Discharging CT from an initial voltage of 5.1 V 
to a threshold voltage of 3.6 V results in the One-Shot 
period given by Equation 6. 
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FIGURE 3 — TIMING WAVEFORMS 
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tos = RT CT in (2) = 0.348 Ry CT (6) 

Errors in the threshold voltage and propagation 
delays through the output drivers will affect the One- 
Shot period. To guarantee accuracy, the output pulse 
of the control chip is trimmed to within 5% of 1.5 us 
with nominal values of Rt and Cr. 

The outputs of the Oscillator and One-Shot compar- 
ators are OR'd together to produce the pulse ‘ton,’ which 
drives the Flip-Flop and output drivers. The output pulse 
‘ton’ is initiated by the Oscillator, but either the oscillator 
comparator or the One-Shot comparator can terminate 
the pulse. When the oscillator discharge time exceeds 
the one-shot period, the complete one-shot period is 
delivered to the output section. If the oscillator dis- 
charge time is less than the one-shot period, then the 
oscillator comparator terminates the pulse prematurely 
and retriggers the One-Shot. The waveforms on the left 
side of Figure 3 correspond to nonretriggered opera- 
tion with constant on-time and variable off-times. The 
right side of Figure 3 represents retriggered operation 
with variable on-time and constant off-time. 


Error Amplifier 

A fully accessible high performance Error Amplifier 
is provided for feedback control of the power supply 
system. The Error Amplifier is internally compensated 
and features DC open loop gain greater than 70 dB, 
input offset voltage less than 10 mV and guaranteed 
minimum gain-bandwidth product of 2.5 MHz. The input 
common mode range extends from 1.5 V to 5.1 V, which 
includes the reference voltage. For common mode volt- 
ages below 1.5 V, the Error Amplifier output is forced 
low providing minimum oscillator frequency. 

The Oscillator Control Current pin is biased by the 
Error Amplifier output voltage through Ry¢o as illus- 
trated in Figure 4. The output swing of the Error Ampli- 
fier is restricted by a clamp circuit to limit the maximum 
oscillator frequency. The clamp circuit limits the voltage 
across Ryfo to 2.5 V, thus limiting losc to 2.5 V/RyFo. 
Oscillator accuracy is improved by trimming the clamp 
voltage to obtain the fosc(high) specification of 
1.0 MHz with nominal value external components. 


FIGURE 4 — ERROR AMPLIFIER AND CLAMP 
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Output Section 

The pulse, ‘ton,’ generated by the Oscillator and One- 
Shot timer is gated to dual totem pole output drives by 
the Steering Flip-Flop shown in Figure 5. Positive tran- 
sitions of ‘ton’ toggle the Flip-Flop, which causes the 
pulses to alternate between Output A and Output B. The 
flip-flop is reset by the undervoltage lockout circuit dur- 
ing start-up to guarantee that the first pulse appears at 
Output A. 

The totem-pole output drivers are ideally suited for 
driving power MOSFETs and are capable of sourcing 
and sinking 1.5 Amps. Rise and fall times are typically 
20 ns when driving a 1.0 nF load. High source/sink capa- 
bility in a totem-pole driver normally increases the risk 
of high cross conduction current during output transi- 
tions. The MC34066 utilizes a unique design that vir- 
tually eliminates cross conduction, thus controlling the 
chip power dissipation at high frequencies. A separate 
ground terminal is provided for the output drivers to 
isolate the sensitive analog circuitry from large transient 
currents. 


FIGURE 5 — STEERING FLIP-FLOP AND OUTPUT DRIVERS 
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PERIPHERAL SUPPORT FUNCTIONS 

The MC34066 Resonant Controller provides a number 
of support and protection functions including a preci- 
sion voltage reference, undervoitage lockout compar- 
ators, soft-start circuitry, and a fault detector. These 
peripheral circuits ensure that the power supply can be 
turned on and off in a safe, controlled manner and that 
the system will be quickly disabled when a fault con- 
dition occurs. 


Undervoltage Lockout and Voltage Reference 

Separate undervoltage lockout comparators sense 
the input Vcc voltage and the regulated reference volt- 
age as illustrated in Figure 6. When Vcc increases to 
the upper threshold voltage, the Vcc UVLO comparator 
enables the Reference Regulator. After the Vref output 
of the Reference Regulator rises to 4.2 V, the Vref UVLO 
comparator switches the ‘UVLO’ signal to a logic zero 
state enabling the primary control path. Reducing Vcc 
to the lower threshold voltage causes the Vcc UVLO 
comparator to disable the Reference Regulator. The Vref 
UVLO comparator then switches the ‘UVLO’ output to 
a logic one state disabling the controller. 

The Enable/UVLO Adjust terminal allows the power 
supply designer to select the Vcc UVLO threshold volt- 
ages. When this pin is open, the comparator switches 
the controller on at 16 V and off at 9.0 V. If this pin is 
connected to the Vcc terminal, the upper and lower 
thresholds are reduced to 9.0 V and 8.6 V, respectively. 
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FIGURE 6 — UNDERVOLTAGE LOCKOUT AND REFERENCE 
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Vcc UVLO comparator input low (through an internal 
diode) turning off the controller. 

The Reference Regulator provides a precise 5.1 V ref- 
erence to internal circuitry and can deliver up to 10 mA 
to external loads. The reference is trimmed to better 
thar 2% initial accuracy and includes active short circuit 
protection. 


Fautt Detector 

The high-speed Fault Comparator and Latch illus- 
trated in Figure 7 can protect a power supply from 
destruction under fault conditions. The Fault Input pin 
connects to the input of the Fault Comparator. If this 
input exceeds the 1.0 V threshold of the comparator, 
the Fault Latch is set and two logic signals simultane- 
ously disable the primary control path. The signal 
labeled ‘Fault’ at the output of the Fault Comparator is 
connected directly to the output drivers. This direct path 
reduces the propagation delay from the Fault Input to 
the A and B outputs to typically 70 ns. The Fault Latch 
output is OR’d with the ‘UVLO’ output from the Vref 
UVLO comparator to produce the logic output labeled 
‘UVLO + Fault.’ This signal disables the Oscillator and 
One-Shot by forcing both the Cosc and CT capacitors 
to be continually charged. 


FIGURE 7 — FAULT DETECTOR AND SOFT-START 
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The Fault Latch is reset during start-up by a logic 
one at the ‘UVLO’ output of the Vref UVLO comparator. 
The latch can also be reset after start-up by pulling 
the Enable/UVLO Adjust pin momentarily low to dis- 
able the Reference Regulator. 


Soft-Start Circuit 
The Soft-Start circuit shown in Figure 7 forces the 
variable frequency Oscillator to start at the minimum 


frequency and ramp upward until regulated by the feed- 
back control loop. The external capacitor at the Csoft- 
Start terminal is initially discharged by the 
‘UVLO + Fault’ signal. The low voltage on the capacitor 
passes through the Soft-Start Buffer to hold the Error 
Amplifier output low. After ‘UVLO + Fault’ switches to a 
logic zero, the soft-start capacitor is charged by a9.0 nA 
current source. The buffer allows the Error Amplifier 
output to follow the soft-start capacitor until it is reg- 
ulated by the Error Amplifier inputs (or reaches the 2.5 V 
clamp). The soft-start function is generally applicable to 
controllers operating below resonance and can be dis- 
abled by simply opening the Csoft-Start terminal. 


APPLICATIONS 

The MC34066 can be used for the control of series, 
parallel or higher order half/full bridge resonant con- 
verters. The IC is designed to provide control in dis- 
continuous conduction mode (DCM) or continuous con- 
duction mode (CCM) or a combination of the two. For 
example, in a parallel resonant converter (PRC) oper- 
ating in the DCM, the IC is programmed to operate in 
fixed on-time, variable frequency mode of operation. 
For a PRC operating in the CCM, the IC can be pro- 
grammed to operate in the variable frequency mode 
with a fixed off-time. 

When operating with a wide input voltage range, such 
as a universal input power supply, a PRC can operate 
in the DCM for high input voltage and in the CCM for 
low input voltage. In this particular case, on-time is pro- 
grammed corresponding to DCM. The deadtime of the 
chip is programmed to provide the desired off-time in 
the CCM. The frequency range is chosen to cover the 
complete frequency range from the DCM to the CCM. 
When programmed as such, the controller will operate 
in the fixed on-time, variable frequency mode at low 
frequencies. At the frequency which causes the Oscil- 
lator to retrigger the One-Shot, the control law changes 
to variable frequency with fixed off-time. At higher fre- 
quencies the supply will operate in the CCM with this 
control law. 

Although the IC is designed and optimized for double 
ended push-pull type converters, it can also be used for 
single ended applications, such as forward and flyback 
resonant converters. 
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HIGH PERFORMANCE CURRENT MODE CONTROLLER 


The MC34129 series are high performance current mode switch- 
ing regulators specifically designed for use in low power digital 
telephone applications. These integrated circuits feature a unique 
internal fault timer that provides automatic restart for overload 
recovery. For enhanced system efficiency, a start/run comparator 
is included to implement bootstrapped operation of Vcc. Other 
functions contained are a temperature compensated reference, 
reference amplifier, fully accessible error amplifier, sawtooth os- 
cillator with sync input, pulse width modulator comparator, and 
a high current totem pole driver ideally suited for driving a power 
MOSFET. 

Also included are protective features consisting of soft-start, 
undervoltage lockout, cycle-by-cycle current limiting, adjustable 
dead time, and a latch for single pulse metering. 

Although these devices are primarily intended for use in digital 
telephone systems, they can be used cost effectively in many 
other applications. 

Current Mode Operation to 300 kHz 

Automatic Feed Forward Compensation 

Latching PWM for Cycle-By-Cycle Current Limiting 
Continuous Retry after Fault Timeout 

Soft-Start with Maximum Peak Switch Current Clamp 
Internally Trimmed 2% Bandgap Reference 

High Current Totem Pole Driver 

Input Undervoltage Lockout 

Low Start-Up and Operating Current 

Direct Interface with Motorola SENSEFET Products 
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SENSEFET is a trademark of Motorola Inc. 
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ORDERING INFORMATION 
Pate, | Temperature 
Range Package 


MC33129D | —40 to +85°C ; SO-14 Plastic DIP 
MC33129P | —40 to +85°C Plastic DIP 
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MAXIMUM RATING 
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Sync Input Voltage -0.3 to Vcc 
Drive Output Current, Source or Sink IDRV | 10 | 
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Power Dissipation and Thermal Characteristics 
D Suffix Package SO-14 Case 751A-01 
Maximum Power Dissipation @ Ta = 70°C 
Thermal Resistance Junction to Air 
P Suffix Package Case 646-06 
Maximum Power Dissipation @ Ta = 70°C 
Thermal Resistance Junction to Air 


Operating Junction Temperature 
TA 


Operating Ambient Temperature Log 


MC34129 
REFERENCE SECTIONS 


MC33129 

Reference Output Voltage, Ta 
1.25 V Ref., IL = OMA 
2.50 V Ref., || = 1.0 mA 


Vv 
Vv 
A 


> 


Pp 552 mW 


Reference Output Voltage, Ta = Tlow to Thigh 
1.25 V Ref., IL = OMA 
2.50 V Ref., IL = 1.0 mA 


Line Regulation (Vcc = 4.0 V to 12 V) 
1.25 V Ref., IL = OmA , 
2.50 V Ref., IL = 1.0 mA 

Load Regulation 
1.25 V Ref., lt = —10 to +500 pA 
2.50 V Ref., IL = —0.1 to +1.0 mA 


ERROR AMPLIFIER 
Input Offset Voltage (Vjn = 1.25 V) 
Ta = 25°C 
TA = Tlow to Thigh 
Input Offset Current (Vij = 1.25 V) 
input Bias Current (Vip = 1.25 V) 
Ta = 25°C 
TA = Tiow to Thig 


Input Common-Mode Voltage Range 


os} 
N 


~ 
a 
Oo 


Gain Bandwidth Product (Vo = 1.25 V, f = 100 kHz) 


Power Supply Rejection Ratio (Vcc = 5.0 to 10 V) | psRR | 
Output Source Current (Vg = 1.5 V) 


Output Voltage Swing 


High State (ISgqurce = 0 uA) VOH 1.75 

Low State (ISink = 500 A) VOL — 
Note 1. Tiow = 0°C for MC34129 Thigh = + 70°C for MC34129 
= —40°C for MC33129 = +85°C for MC33129 
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ELECTRICAL CHARACTERISTICS (Vcc = 10 V, Ta = 25°C [Note 1] unless otherwise noted) 


PWM COMPARATOR 
Propagation Delay, Ramp Input to Drive Output 
SOFT-START 


Buffer Output Voltage (ISink = 100 pA) 
FAULT TIMER 

START/RUN COMPARATOR 

Threshold Voltage (Pin 12) 


Output Voltage (ISjnk = 500 »A) VoL 
Output Off-State Leakage Current (VoH = 15 V) IS/R(leak) 
Output Zener Voltage (Iz = 10 mA) 


OSCILLATOR 


Frequency (RT = 25.5 kQ, CT = 390 pF) fosc 


Capacitor Cy Discharge Current (Pin 5 = 1.2 V) 


Sync Input Current 
High State (Vip = 2.0 V) 
Low State (Vin, = 0.8 V) 


Sync Input Resistance 


DRIVE OUTPUT 


Output Voltage 
High State (ISource = 200 mA) 8. 
Low State (ISink = 200 mA) 1.4 


9 
Low State Holding Current 225 
3 


Output Voltage Fall Time (CL = 500 pF) / 30 | 
Output Pull-Down Resistance | 225 | 


Output Voltage Rise Time (CL = 500 pF) 


UNDERVOLTAGE LOCKOUT 


Start-Up Threshold Vth 
TOTAL DEVICE 
a a le le 
Rr = 25.5 k0, Cr = 390 pF, CL = 500 pF 
sesamiae Nomapebp OWA "at ee de 


Note 1. Tiow = 0°C for MC34129 Thigh = +70°C for MC34129 
= ~40°C for MC33129 +85°C for MC33129 
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FIGURE 1 — TIMING RESISTOR versus OSCILLATOR FIGURE 2 — OUTPUT DEAD-TIME versus 
FREQUENCY OSCILLATOR FREQUENCY 
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FIGURE 7 — ERROR AMP OPEN-LOOP DC GAIN 
versus LOAD RESISTANCE 
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FIGURE 9 — SOFT-START BUFFER OUTPUT SATURATION 
versus SINK CURRENT 
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FIGURE 11 — 1.25 V REFERENCE OUTPUT VOLTAGE 
CHANGE versus SOURCE CURRENT 


FIGURE 8 — ERROR AMP OUTPUT SATURATION 
versus SINK CURRENT 
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FIGURE 10 — REFERENCE OUTPUT VOLTAGE versus 
SUPPLY VOLTAGE 
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FIGURE 12 — 2.5 V REFERENCE OUTPUT VOLTAGE 
CHANGE versus SOURCE CURRENT 
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FIGURE 13 — 1.25 V REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 
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FIGURE 14 — 2.5 V REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 
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FIGURE 15 — DRIVE OUTPUT SATURATION 
versus LOAD CURRENT 
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FIGURE 16 — DRIVE OUTPUT WAVEFORM 
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FIGURE 17 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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PIN FUNCTION DESCRIPTION 


Description 


This output directly drives the gate of a power MOSFET. Peak cur- 
rents up to 1.0 A are sourced and sinked by this pin. 


This pin is a separate power ground return that is connected back 
to the power source. It is used to reduce the effects of switching 
transient noise on the control circuitry. 


A voltage proportional to the inductor current is connected to this 
input. The PWM uses this information to terminate output switch 
conduction. 


A rectangular waveform applied to this input will synchronize the 
Oscillator and limit the maximum Drive Output duty cycle. A dc 
voltage within the range of 2.0 V to Vcc will inhibit the controller. 


The free-running Oscillator frequency and maximum Drive Output 
duty cycle are programmed by connecting resistor RT to Vref 2.5 V 
and capacitor CT to Ground. Operation to 300 kHz is possible. 


This output is derived from Vref 1.25 V. It provides charging current 
for capacitor Cy through resistor RT. 


This pin is the control circuitry ground return and is connected 
back to the source ground. 


This output furnishes a voltage reference for the Error Amplifier 
Non-Inverting Input. 


This is the non-inverting input of the Error Amplifier. It is normally 
connected to the 1.25 V reference. 


This is the inverting input of the Error Amplifier. It is normally con- 
nected to the switching power supply output through a resistor 
divider. 


This pin is available for loop compensation. It is connected to the 
Error Amplifier and Soft-Start Buffer outputs, and the Pulse Width 
Modulator input. 


A capacitor Csoft-Start is connected from this pin to Ground for a 
controlled ramp-up of peak inductor current during start-up. 


This output controls the state of an external bootstrap transistor. 
During the start mode, operating bias is supplied by the transistor 
from Vjn. In the run mode, the transistor is switched off and bias is 
supplied by an auxiliary power transformer winding. 


This pin is the positive supply of the control IC. The controller is 
functional over a minimum Vcc range of 4.2 V to 12 V. 
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OPERATING DESCRIPTION 


The MC34129 series are high performance current 
mode switching regulator controllers specifically de- 
signed for use in low power telecommunication appli- 
cations. Implementation will allow remote digital tele- 
phones and terminals to shed their power cords and 
derive operating power directly from the twisted pair 
used for data transmission. Although these devices are 
primarily intended for use in digital telephone systems, 
they can be used cost effectively in a wide range of 
converter applications. A representative block diagram 
is shown in Figure 18. 


OSCILLATOR 

The oscillator frequency is programmed by the values 
selected for the timing components RT and Cry. Capac- 
itor Cy is charged from the 2.5 V reference through 
resistor Ry to approximately 1.25 V and discharged by 
an internal current sink to ground. During the discharge 
of CT, the oscillator generates an internal blanking pulse 
that holds the lower input of the NOR gate high. This 
causes the Drive Output to be in a low state, thus pro- 
ducing a controlled amount of output deadtime. Figure 
1 shows Oscillator Frequency versus Ry and Figure 2, 
Output Deadtime versus Frequency, both for given val- 
ues of Cy. Note that many values of RT and CT will give 
the same oscillator frequency but only one combination 
will yield a specific output deadtime at a given fre- 
quency. In many noise sensitive applications it may be 
desirable to frequency-lock one or more switching reg- 
ulators to an external system clock. This can be accom- 
plished by applying the clock signal to the Sync/nhibit 
Input. For reliable locking, the free-running oscillator 
frequency should be about 10% less than the clock fre- 
quency. Referring to the timing diagram shown in Fig- 
ure 19, the rising edge of the clock signal applied to the 
Sync/inhibit Input, terminates charging of C7 and Drive 
Output conduction. By tailoring the clock waveform, ac- 
curate duty cycle clamping of the Drive Output can be 
achieved. A circuit method is shown in Figure 20. The 
Sync/Inhibit Input may also be used as a means for 
system shutdown by applying a dc voltage that is within 
the range of 2.0 V to Vcc. 


PWM COMPARATOR AND LATCH 

The MC34129 operates as a current mode controller 
whereby output switch conduction is initiated by the 
oscillator and terminated when the peak inductor cur- 
rent reaches a threshold level established by the output 
of the Error Amp or Soft-Start Buffer (Pin 11). Thus the 
error signal controls the peak inductor current on a 
cycle-by-cycle basis. The PWM Comparator-Latch con- 
figuration used, ensures that only a single pulse appears 
at the Drive Output during any given oscillator cycle. 
The inductor current is converted to a voltage by in- 
serting the ground-referenced resistor Rs in series with 
the source of output switch Q1. The Ramp Input adds 
an offset of 275 mV to this voltage to guarantee that no 
pulses appear at the Drive Output when Pin 71 is at its 


lowest state. This occurs at the beginning of the soft- 
start interval or when the power supply is operating 
and the load is removed. The peak inductor current un- 
der normal operating conditions is controlled by the 
voltage at Pin 11 where: 


V(Pin 11) — 0.275 V 
Rs 

Abnormal operating conditions occur when the power 
supply output is overloaded or if output voltage sensing 
is lost. Under these conditions, the voltage at Pin 11 
will be internally clamped to 1.95 V by the output of the 
Soft-Start Buffer. Therefore the maximum peak switch 
current is: 


Ipk = 


1.95 V — 0.275 1.675 V 
Rs RS 


Ipk(max) = 


When designing a high power switching regulator it 
becomes desirable to reduce the internal clamp voltage 
in order to keep the power dissipation of Rs to a rea- 
sonable level. A simple method which adjusts this volt- 
age in discrete increments is shown in Figure 22. This 
method is possible because the Ramp Input bias current 
is always negative (typically —120 A). A positive tem- 
perature coefficient equal to that of the diode string will 
be exhibited by Ipnk(max)- An adjustable method that is 
more precise and temperature stable is shown in Figure 
23. Erratic operation due to noise pickup can result if 
there is an excessive reduction of the clamp voltage. In 
this situation, high frequency circuit layout techniques 
are imperative. 

A narrow spike on the leading edge of the current 
waveform can usually be observed and may cause the 
power supply to exhibit an instability when the output 
is lightly loaded. This spike is due to the power trans- 
former interwinding capacitance and output rectifier re- 
covery time. The addition of an RC filter on the Ramp 
Input with a time constant that approximates the spike 
duration will usually eliminate the instability; refer to 
Figure 25. 


ERROR AMP AND SOFT-START BUFFER 

A fully-compensated Error Amplifier with access to 
both inputs and output is provided for maximum design 
flexibility. The Error Amplifier output is common with 
that of the Soft-Start Buffer. These outputs are open- 
collector (sink only) and are ORed together at the in- 
verting input of the PWM Comparator. With this config- 
uration, the amplifier that demands lower peak inductor 
current dominates control of the loop. Soft-start is man- 
datory for stable start-up when power is provided 
through a high source impedance such as the long 
twisted pair used in telecommunications. It effectively 
removes the load from the output of the switching 
power supply upon initial start-up. The Soft-Start Buffer 
is configured as a unity gain follower with the non- 
inverting input connected to Pin 12. An internal 1.0 pA 
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FIGURE 18 — REPRESENTATIVE BLOCK DIAGRAM 
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OPERATING DESCRIPTION (continued) 


current source charges the soft-start capacitor (Csoft- 
Start) to an internally clamped level of 1.95 V. The rate 
of change of peak inductor current, during start-up, is 
programmed by the capacitor value selected. Either the 
Fault Timer or the Undervoltage Lockout can discharge 
the soft-start capacitor. 


FAULT TIMER 

This unique circuit prevents sustained operation in a 
lockout condition. This can occur with conventional 
switching control IC’s when operating from a power 
source with a high series impedance. If the power re- 
quired by the load is greater than that available from 
the source, the input voltage will collapse, causing the 
lockout condition. The Fault Timer provides automatic 
recovery when this condition is detected. Under normal 
operating conditions, the output of the PWM Compar- 
ator will reset the Latch and discharge the internal Fault 
Timer capacitor on a cycle-by-cycle basis. Under op- 
erating conditions where the required power into the 
load is greater than that available from the source (Vj,), 
the Ramp Input voltage (plus offset) will not reach the 
comparator threshold levei (Pin 11), and the output of 
the PWM Comparator will remain low. If this condition 
persists for more than 600 ys, the Fault Timer will ac- 
tivate, discharging Csoft-Start and initiating a soft-start 
cycle. The power supply will operate in a skip cycle or 
hiccup mode until either the load power or source 
impedance is reduced. The minimum fault timeout is 
200 xs, which limits the useful switching frequency to 
a minimum of 5.0 kHz. 


START/RUN COMPARATOR 

A bootstrap start-up circuit is included to improve 
system efficiency when operating from a high input 
voltage. The output of the Start/Run Comparator con- 
trols the state of an external transistor. A typical appli- 
cation is shown in Figure 21. While Csoft-Start is charg- 
ing, start-up bias is supplied to Vcc (Pin 14) from Vin 
through transistor 2. When Csoft-Start reaches the 
1.95 V clamp level, the Start-Run output switches low 
(Vcc — 50 mV), turning off Q2. Operating bias is now 
derived from the auxiliary bootstrap winding of the 
transformer, and all drive power is efficiently converted 
down from Vin. The start time must be long enough for 
the power supply output to reach regulation. This will 
ensure that there is sufficient bias voltage at the aux- 
itiary bootstrap winding for sustained operation. 


1.95 V CSoft-Start _ 


tStart= 7.0 pA = 1.95 CSoft-Start in uF 


The Start/Run Comparator has 350 mV of hysteresis. 


The output off-state is clamped to Vcc + 7.6 V by the 
internal zener and PNP transistor base-emitter junction. 


DRIVE OUTPUT AND DRIVE GROUND 

The MC34129 contains a single totem-pole output 
stage that was specifically designed for direct drive of 
power MOSFETs. It is capable of up to +1.0 A peak 
drive current and has a typical fall time of 30 ns with a 
500 pF load. The totem-pole stage consists of an NPN 
transistor for turn-on drive and a high speed SCR for 
turn-off. The SCR design requires less average supply 
current (Icc) when compared to conventional switching 
control iC’s that use an all NPN totem-pole. The SCR 
accomplishes this during turn-off of the MOSFET, by 
utilizing the gate charge as regenerative on-bias, 
whereas the conventional all transistor design requires 
continuous base current. Conversion efficiency in low 
power applications is greatly enhanced with this re- 
duction of Icc. The SCR’s low-state holding current (IH) 
is typically 225 vA. An internal 225 kQ. pull-down resistor 
is included to shunt the Drive Output off-state leakage 
to ground when the Undervoltage Lockout is active. A 
separate Drive Ground is provided to reduce the effects 
of switching transient noise imposed on the Ramp In- 
put. This feature becomes particularly useful when the 
Ipk(max) Clamp level is reduced. Figure 24 shows the 
proper implementation of the MC34129 with a current 
sensing power MOSFET. 


UNDERVOLTAGE LOCKOUT 

The Undervoltage Lockout comparator holds the 
Drive Output and Csoft-Start pins in the low state when 
Vcc is less than 3.6 V. This ensures that the MC34129 
is fully functional before the output stage is enabled 
and a soft-start cycie begins. A built-in hysteresis of 350 
mV prevents erratic output behavior as Vcc crosses the 
comparator threshold voltage. A 14.3 V zener is con- 
nected as a shunt regulator from Vcc to ground. Its 
purpose is to protect the MOSFET gate from excessive 
drive voltage during system start-up. An external 9.1 V 
zener is required when driving low threshold MOSFETs. 
Refer to Figure 21. The minimum operating voltage 
range of the IC is 4.2 V to 12 V. 


REFERENCES 

The 1.25 V bandgap reference is trimmed to + 2.0% 
tolerance at Ta = 25°C. It is intended to be used in 
conjunction with the Error Amp. The 2.50 V reference 
is derived from the 1.25 V reference by an internal op 
amp with a fixed gain of 2.0. It has an output tolerance 
of +5.0% at Ta = 25°C and its primary purpose is to 
supply charging current to the oscillator timing 
capacitor. 


For further information, please refer to AN976. 
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FIGURE 20 — EXTERNAL DUTY CYCLE CLAMP 
AND MULTI UNIT SYNCHRONIZATION 
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FIGURE 24 — CURRENT SENSING POWER MOSFET 
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Virtually lossless current sensing can be achieved with the implementation of a 
SENSEFET power switch. 


FIGURE 21 — BOOTSTRAP START-UP 
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The external 9.1 V zener is required when driving low threshoid MOSFETs. 


FIGURE 25 — CURRENT WAVEFORM SPIKE SUPPRESSION 
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The addition of the RC filter will eliminate instability caused by the 
leading edge spike on the current waveform. 
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FIGURE 26 — MOSFET PARASITIC OSCILLATIONS FIGURE 27 — BIPOLAR TRANSISTOR DRIVE 
'B Vin 
Vin a 
| | 
a Base Charge 
| Removal 


a1 | C1 


Qi 


Seta | 4 


Series gate resistor Rg wilt damp any high frequency parasitic oscil- 


lations caused by the MOSFET input capacitance and any series wiring The totem-pole output can furnish negative base current for enhanced 
inductance in the gate-source circuit. transistor turn-off, with the addition of capacitor C1. 


FIGURE 28 — NON-ISOLATED 725 mW FLYBACK REGULATOR 


O Vin = 20V to 48V 


oO 5 V/125 mA 
0.1 


O Gnd 


O -5V/20 mA 
24k 


470 pF 7 


© 
128 kHz 
Sync | 


T1: Coilcraft #G6807-A 
Primary = 90T #28 AWG 
Secondary +5 V = 26T #30 AWG 
Gap = 0.05" for Lp of 600 nH 

= Core = Ferroxcube 813E187-3C8 

A eee Bobbin = Ferroxcube E187PCB1-8 


| Resuts | 
160 mV 
Vin = 30 V, lout 5 V = 125 mA, lout 5 V = 20 mA 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-264 


MC34129, MC33129 


FIGURE 29 — ISOLATED 2.0 W FLYBACK REGULATOR 
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Results 
A=1mv 


Conditions 
Vin = 20 V to 40 V, lout 5 V = 380 MA, lout -5V = 20mA 
Vin = 30 V. lout 5 V = 100 mA to 380 mA, lout ~5 V = 20 mA \ = 15 mV 
Vin = 30V, lout 5 V = 380 mA, lout —5 V = 20 mA 
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Conditions 

Vin = 8 V to 12 V, lout 600 mA 
Vin = 12 V, lout = 100 mA to 600 mA 
Vin = 12V, lout = 600 mA 


An economical method of achieving secondary sensing is to combine the TL431A with a 4N26 optocoupler. 
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Advance Information 


HIGH SPEED DUAL MOSFET DRIVERS 


The MC34151/MC33151 is a dual inverting monolithic high 
speed driver specifically designed for applications that require 
low current digital circuitry to drive large capacitive loads with 
high slew rates. This device features low input current making it 
CMOS and LSTTL logic compatible, input hysteresis for fast out- 
put switching that is independent of input transition time, and 
two high current totem pole outputs ideally suited for driving 
power MOSFETs. Also included is an undervoltage lockout with 
hysteresis to prevent erratic system operation at low supply 
voltages. 

Typical applications include switching power supplies, DC to 
DC converters, capacitor charge pump voltage doublers/inverters, 
and motor controllers. 

These devices are available in dual-in-line and surface mount 


HIGH SPEED 
DUAL MOSFET DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


packages. 

Two Independent Channels with 1.5 A Totem Pole Outputs 
Output Rise and Fall Times of 15 ns with 1000 pF Load 
CMOS/LSTTL Compatible Inputs with Hysteresis 
Undervoltage Lockout with Hysteresis 

Low Standby Current 

Efficient High Frequency Operation D SUFFIX 


Enhanced System Performance with Common Switching ee eee 


Regulator Control ICs o pe 
Pin Out Equivalent to DS0026 and MMH0026 


@oeeee#eee 


BLOCK DIAGRAM PIN CONNECTIONS 


Logic Input B aH >o5] Drive Output B 


(Top View) 


Logic Input B| 


ORDERING INFORMATION 


al 
Range Package 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATINGS 


tng TTP 


Power Supply Voltage 


Logic inputs (Note 1) = —0.3 to Vcc Vv 
Drive Outputs (Note 2) A 
Totem Pole Sink or Source Current lo 1.5 
Diode Clamp Current (Drive Output to Vcc) 1O(clamp) 1.0 
Power Dissipation and Thermal Characteristics 
D Suffix SO-8 Package Case 751 
Maximum Power Dissipation @ Ta = 50°C Pp 0.56 Ww 
Thermal Resistance Junction-to-Air ReJA 180 °C/W 
P Suffix 8-Pin Package Case 626 
Maximum Power Dissipation @ Ta = 50°C Pp 1.0 WwW 
Thermal Resistance Junction-to-Air RJA 100 °C/W 
Operating Junction Temperature Ty +150 °¢ 
Operating Ambient Temperature Ta °C 
MC34151 Oto +70 
MC33151 -40 to +85 
Storage Temperature Range Tstq —65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 12 V, for typical values Ta = 25°C, for min/max values T, is the operating ambient 
temperature range that applies [Note 3] unless otherwise noted.) 


Characteristic | Symbol | Min | Typ | Max [unit | 


LOGIC INPUTS 


Input Threshold Voltage — High State Logic 1 VIH 2.6 1.75 Vv 
— Low State Logic 0 VIL — 1.58 


Input Current — High State (Vi4y = 2.6 V) WH 500 
— Low State (Vij, = 0.8 V) We 100 
DRIVE OUTPUT 


Output Voltage — Low State (Isjnk = 10 mA) 
(Isink = 50 mA) 
(ISink = 400 mA) 

— High State (Iggurce = 10 mA) 

(Source = 50 mA) 

(lSource = 400 mA) 


Output Pull-Down Resistor 
SWITCHING CHARACTERISTICS (Ta = 25°C) 


Propagation Delay (10% Input to 10% Output, Cy = 1.0 nF) 
Logic Input to Drive Output Rise 
Logic Input to Drive Output Fall 


tPLH(IN/OUT) 
tPHL(IN/OUT) 


Drive Output Rise Time (10% to 90%) CL = 1.0 nF tr 
CL = 2.5 nF 

Drive Output Fall Time (90% to 10%) CL = 1.0 nF 
Cy = 2.5 nF 


TOTAL DEVICE 


Power Supply Current 
Standby (Logic Inputs Grounded) 


Operating (C, = 1.0 nF Drive Outputs 1 and 2, f = 100 kHz) 


Operating Voltage 


NOTES: 
1. For optimum switching speed, the maximum input voltage should be limited to 10 V or Vcc, whichever is less. 
2. Maximum package power dissipation limits must be observed. 
3. Low duty cycle pulse techniques are used during test to maintain the junction temperature as close to ambient as possible. 
Tlow = O°C for MC34151 Thigh = 70°C for MC34151 
— 40°C for MC33151 85°C for MC33151 


Hou 


I 
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FIGURE 1 — SWITCHING CHARACTERISTICS TEST CIRCUIT 
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FIGURE 3 — LOGIC INPUT CURRENT versus 
INPUT VOLTAGE 
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FIGURE 5 — DRIVE OUTPUT LOW TO HIGH PROPAGATION 
DELAY versus LOGIC INPUT OVERDRIVE VOLTAGE 


Overdrive voitage is with respect —- | 


to the Logic Input lower threshold 


tPLHIINOUT). DRIVE OUTPUT PROPAGATION DELAY ins) 


1.6 — 1.2 ~ 0.8 -0.4 0 
Vin. INPUT OVERDRIVE VOLTAGE BELOW LOWER THRESHOLD {V) 


FIGURE 2 — SWITCHING WAVEFORM DEFINITIONS 
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FIGURE 4 — LOGIC INPUT THRESHOLD VOLTAGE 
versus TEMPERATURE 
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FIGURE 6 — DRIVE OUTPUT HIGH TO LOW PROPAGATION 
DELAY versus LOGIC INPUT OVERDRIVE VOLTAGE 
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FIGURE 7 — PROPAGATION DELAY 
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FIGURE 9 — DRIVE OUTPUT SATURATION VOLTAGE 
versus LOAD CURRENT 
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FIGURE 11 — DRIVE OUTPUT RISE TIME 
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FIGURE 8 — DRIVE OUTPUT CLAMP VOLTAGE 
versus CLAMP CURRENT 
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FIGURE 10 — DRIVE OUTPUT SATURATION VOLTAGE 
versus TEMPERATURE 


0 
0 © ‘Source paldration ik H] | I Vec = 12V By 
= 5 (Load to Ground) Vec \g eS 10 mA 
we -07 ou 
=< 
E -09 
Sa 
2 
=) 
= 
S 1.9 
=< 1 
ee 
2 10 
= 08 
ang 06 Sink Saturation 
; (Load to Vcc} 
ot Ecc 


~ 66 25 0 25 50 75 100 125 
Ty, AMBIENT TEMPERATURE ('C} 


FIGURE 12 — DRIVE OUTPUT FALL TIME 
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FIGURE 13 — DRIVE OUTPUT RISE AND FALL TIME 
versus LOAD CAPACITANCE 
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FIGURE 15 — SUPPLY CURRENT versus INPUT FREQUENCY 
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APPLICATIONS INFORMATION 


Description 


The MC34151 is a dual inverting high speed driver spe- 
cifically designed to interface low current digital circuitry 
with power MOSFETs. This device is constructed with 
Schottky clamped Bipolar Analog technology which 
offers a high degree of performance and ruggedness in 
hostile industrial environments. 


Input Stage 


The Logic Inputs have 170 mV of hysteresis with the 
input threshold centered at 1.67 V. The input thresholds 
are insensitive to Vcc making this device directly com- 
patible with CMOS and LSTTL logic families over its 
entire operating voltage range. Input hysteresis provides 
fast output switching that is independent of the input 
signal transition time, preventing output oscillations as 
the input thresholds are crossed. The inputs are designed 
to accept a signal amplitude ranging from ground to Vcc. 
This allows the output of one channel to directly drive 
the input of a second channel for master-slave operation. 


FIGURE 14 — SUPPLY CURRENT versus DRIVE OUTPUT 
LOAD CAPACITANCE 
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FIGURE 16 — SUPPLY CURRENT versus SUPPLY VOLTAGE 


Logic Inputs At Vcc 
Low State Drive Ouputs 


Logic Inputs Grounded 
High State Drive Outputs 


cc, SUPPLY CURRENT (mA) 


Vee. SUPPLY VOLTAGE IV} 


Each input has a 30 k pull-down resistor so that an 
unconnected open input will cause the associated Drive 
Output to be in a known high state. 


Output Stage 


Each totem pole Drive Output is capable of sourcing 
and sinking up to 1.5 A with a typical ‘on’ resistance of 
2.4 Q at 1.0 A. The low ‘on’ resistance allows high output 
currents to be attained at a lower Vcc than with com- 
parative CMOS drivers. Each output has a 100 kQ pull- 
down resistor to keep the MOSFET gate low when Vcc 
is less than 1.4 V. No over current or thermal protection 
has been designed into the device, so output shorting to 
Vcc or ground must be avoided. 

Parasitic inductance in series with the load will cause 
the driver outputs to ring above Vcc during the turn-on 
transition, and below ground during the turn-off transi- 
tion. With CMOS drivers, this mode of operation can 
cause a destructive output latch-up condition. The 
MC34151 is immune to output latch-up. The Drive Out- 
puts contain an internal diode to Vcc for clamping pos- 
itive voltage transients. When operating with Vcc at 18 
volts, proper power supply bypassing must be observed 
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to prevent the output ringing from exceeding the maxi- 
mum 20 volt device rating. Negative output transients 
are clamped by the internal NPN pull-up transistor. Since 
full supply voltage is applied across the NPN pull-up dur- 
ing the negative output transient, power dissipation at 
high frequencies can become excessive. Figures 19, 20, 
and 21 show a method of using external Schottky diode 
clamps to reduce driver power dissipation. 


Undervoltage Lockout 


An undervoltage lockout with hysteresis prevents 
erratic system operation at low supply voltages. The 
UVLO forces the Drive Outputs into a low state as Vcc 
rises from 1.4 V to the 5.8 V upper threshold. The lower 
UVLO threshold is 5.3 V, yielding about 500 mV of 
hysteresis. 


Power Dissipation 


Circuit performance and long term reliability are 
enhanced with reduced die temperature. Die temper- 
ature increase is directly related to the power that the 
integrated circuit must dissipate and the total thermal 
resistance from the junction to ambient. The formula 
for calculating the junction temperature with the pack- 
age in free air is: 


Ty = Ta + Pp (Rega) 
Where: 
Ty = Junction Temperature 
Ambient Temperature 
Pp = Power Dissipation 
ReJA = Thermal Resistance Junction to 
Ambient 


4 
> 
iH 


There are three basic components that make up total 
power to be dissipated when driving a capacitive load 
with respect to ground. They are: 


Pp = Pq + Pc + PT 
Where: 
Pg = Quiescent Power Dissipation 


Capacitive Load Power Dissipation 
PT = Transition Power Dissipation 


uv 
(o>) 
" 


The quiescent power supply current depends on the 
supply voltage and duty cycle as shown in Figure 16. The 
device’s quiescent power dissipation is: 


Pa = Vcc (Icct (1-D) + IccH (0) 


Where: 
ICCL = Supply Current with Low State Drive 
Outputs 
ICCH = Supply Current with High State Drive 
Outputs 


D = Output Duty Cycle 


The capacitive load power dissipation is directly related 
to the load capacitance value, frequency, and Drive Out- 
put voltage swing. The capacitive load power dissipation 
per driver is: 


Pc = Vcc (Vou - VoL) CL f 


Where: 


VOH = High State Drive Output Voltage 
VoL = Low State Drive Output Voltage 
Cy, = Load Capacitance 
f = frequency 


When driving a MOSFET, the calculation of capacitive 
load power Pc is somewhat complicated by the changing 
gate to source capacitance CGs as the device switches. 
To aid in this calculation, power MOSFET manufacturers 
provide gate charge information on their data sheets. 
Figure 17 shows a curve of gate voltage versus gate 
charge for the Motorola MTM15N50. Note that there are 
three distinct slopes to the curve representing different 
input capacitance values. To completely switch the MOS- 
FET ‘on,’ the gate must be brought to 10 V with respect 
to the source. The graph shows that a gate charge Qg of 
110 nC is required when operating the MOSFET with a 
drain to source voltage Vps of 400 V. 


FIGURE 17 — GATE-TO-SOURCE VOLTAGE versus 
GATE CHARGE 


MTM15N50 
Ip = 15A 


Vas, GATE-TO-SOURCE VOLTAGE (V) 


Qg. GATE CHARGE (nC) 


The capacitive load power dissipation is directly related 
to the required gate charge, and operating frequency. The 
capacitive load power dissipation per driver is: 


PC(MOSFET) = Vcc Og f 
The flat region from 10 nC to 55 nC is caused by the 
drain-to-gate Miller capacitance, occuring while the 
MOSFET is in the linear region dissipating substantial 
amounts of power. The high output current capability of 
the MC34151 is able to quickly deliver the required gate 
charge for fast power efficient MOSFET switching. By 
operating the MC34151 ata higher Vcc, additional charge 
can be provided to bring the gate above 10 V. This will 
reduce the ‘on’ resistance of the MOSFET at the expense 
of higher driver dissipation at a given operating 
frequency. 

The transition power dissipation is due to extremely 
short simultaneous conduction of internal circuit nodes 
when the Drive Outputs change state. The transition 
power dissipation per driver is approximately: 


Pr ~ Vcc (1.08 Vcc CL f - 8x 10-4) 
Py must be greater than zero. 
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Switching time characterization of the MC34151 is per- 
formed with fixed capacitive loads. Figure 13 shows that 
for small capacitance loads, the switching speed is lim- 
ited by transistor turn-on/off time and the slew rate of 
the internal nodes. For large capacitance loads, the 
switching speed is limited by the maximum output cur- 
rent capability of the integrated circuit. 


Layout Considerations 


High frequency printed circuit layout techniques are 
imperative to prevent excessive output ringing and over- 
shoot. Do not attempt to construct the driver circuit on 
wire-wrap or plug-in prototype boards. When driving 


FIGURE 18 — ENHANCED SYSTEM PERFORMANCE WITH 
COMMON SWITCHING REGULATORS 
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The MC34151 greatly enhances the drive capabilities of common switch- 
ing regulators and CMOS/TTL logic devices. 


FIGURE 20 — DIRECT TRANSFORMER DRIVE 


Output Schottky diodes are recommended when driving inductive loads 
at high frequencies. The diodes reduce the driver's power dissipation 
by preventing the output pins from being driven above Vcc and below 
ground. 


large capacitive loads, the printed circuit board must con- 
tain a low inductance ground plane to minimize the volt- 
age spikes induced by the high ground ripple currents. 
Ail high current loops should be kept as short as possible 
using heavy copper runs to provide a low impedance high 
frequency path. For optimum drive performance, it is rec- 
ommended that the initial circuit design contains dual 
power supply bypass capacitors connected with short 
leads as close to the Vcc pin and ground as the layout 
will permit. Suggested capacitors are a low inductance 
0.1 wF ceramic in parallel with a 4.7 wF tantalum. Addi- 
tional bypass capacitors may be required depending 
upon Drive Output loading and circuit layout. Proper 
printed circuit board layout is extremely critical and can- 
not be over emphasized. 


FIGURE 19 — MOSFET PARASITIC OSCILLATIONS 


Series gate resistor Rg may be needed to damp high frequency parasitic 
oscillations caused by the MOSFET input capacitance and any series 
wiring inductance in the gate-source circuit. Rg will decrease the 
MOSFET switching speed. Schottky diode Dj can reduce the driver's 
power dissipation due to excessive ringing, by preventing the output 
pin from being driven below ground. 


FIGURE 21 — ISOLATED MOSFET DRIVE 
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FIGURE 23 — BIPOLAR TRANSISTOR DRIVE 


Vin 


FIGURE 22 — CONTROLLED MOSFET DRIVE 


Vin 
0 
as Base Charge 
Removal 


The totem-pole outputs can furnish negative base current for enhanced 
transistor turn-off, with the addition of capacitor C4. 


In noise sensitive applications, both conducted and radiated EMI can 
be reduced significantly by controlling the MOSFET’s turn-on and turn 


off times. 
FIGURE 24 — DUAL CHARGE PUMP CONVERTER 
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The capacitor’s equivalent series resistance limits the Drive Output Cur. 
rent to 1.5 A. An additional series resistor may be required when using 


tantalum or other low ESR capacitors. 


MOTOROLA LINEAR/INTERFACE DEVICES 
3-273 


MOTOROLA 


a ae 
“ean Mc34153, MC33153 


MC34152, MC33152 


Product Preview HIGH SPEED 
DUAL MOSFET DRIVERS 


HIGH SPEED DUAL MOSFET DRIVERS SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
The MC34152, MC34153 series are dual high speed drivers spe- 
cifically designed for applications in which low current digital 
signals must drive large capacitive loads with high slew rates. 
These devices feature low input current making them CMOS/ P SUFFIX 
LSTTL logic compatible, input hysteresis for fast output switching PLASTIC PACKAGE 
independent of input speed, and two high current totem pole CASE 626 
outputs ideally suited for driving power MOSFETs. Also included 
are system protective features consisting of a latching comparator 
for cycle-by-cycle current limiting, and undervoltage lockout with 
hysteresis to prevent erratic operation at low supply voltages. 
Typical applications include switching power supplies, DC-to-DC 
converters, capacitor charge pump voltage doublers/inverters, and 
motor controllers. 
These devices are available in dual-in-line and surface mount 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648C 


packages. D SUFFIX 
@ Two Independent Channels with 1.5 A Totem Pole Outputs PLASTIC PACKAGE 
® Output Rise and Fall Times of 15 ns with 1000 pF Load shri 


CMOS/LSTTL Compatible Inputs with Hysteresis 

@ Latching Comparator for Cycle-By-Cycle Current Limiting 
@ Undervoltage Lockout with Hysteresis 6iC34152, MC33182 

© Low Standby Current Comparator Non- . Comparator 

® Direct interface with Motorola SENSEFET Products | 8 | Inverting Input 


@ Enhanced System Performance with Common Switching 
Regulator Control ICs 


PIN CONNECTIONS 


Logic Input B [4 | 5 | Drive Output B 


{Top View) 
MC34153, MC33153 


BLOCK DIAGRAM 


Comparator Non- 
inverting Input 


Gnd 


17] Comparator 
Inverting Input 


[10] Hysteresis Adjust 
| 9 | Drive Output A 


Drive Output A 


(Top View) 


| Drive Output B 


Logic Input B | 
4 (3) | 156) 
© e 


= 
Ss | Comparator Non- 
Comparator Output] = | inverting Input 


M1) 1 (14) 


ORDERING INFORMATION 
Range Package 
0 to +70°C | SO-8 Plastic DIP 
MC34152P 0 to +70°C 


MC34153P 0 to + 70°C Plastic DIP 
MC33153P —40 to + 85°C Plastic DIP 
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J Comparator 
3 (4, 5, 12, 13) Inverting Input 


Pin numbers adjacent to terminals are for the 8 pin dual-in-line and surface mount packages. 
Pin numbers in parenthesis are for the 16 pin dual-in-line package. 


This document contains information on a product under development. Motorola reserves the right 
to change or discontinue this product without notice. 
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FIGURE 1 — SWITCHING CHARACTERISTIC TEST CIRCUIT 
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FIGURE 2 — SWITCHING WAVEFORM DEFINITIONS 
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FIGURE 3 — ENHANCED SYSTEM PERFORMANCE WITH COMMON SWITCHING REGULATORS 
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FIGURE 5 — MOSFET PARASITIC OSCILLATIONS 


Vin 
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Series gate resistor Rg may be needed to damp high frequency parasitic 
oscillations caused by the MOSFET input capacitance and any series 
wiring inductance in the gate-source circuit. Rg will decrease the 
MOSFET switching speed. Schottky diode Dy can reduce the driver's 
power dissipation due to excessive ringing, by preventing the output 
pin from being driven below ground. 


FIGURE 7 — CONTROLLED MOSFET DRIVE 


In noise sensitive applications, both conducted and radiated EMI can 
be reduced significantly by controlling the MOSFET’s turn-on and turn- 
off times. 


FIGURE 9 — BIPOLAR TRANSISTOR DRIVE 


\B 
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Removal 


The totem-pole output can furnish negative base current for enhanced 
transistor turn-off, with the addition of capacitor C4. 
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FIGURE 6 — CURRENT WAVEFORM SPIKE SUPPRESSION 
Vin 


id 


$34, 5, 12, 13) inj 


The addition of the RC filter will eliminate false triggering of the current 
sense comparator. The comparator inverting input must be connected 
to the ground side of Rg through R using a single point ground as 
shown. Rs must be a low inductance type resistor. 


FIGURE 8 — CURRENT SENSING POWER MOSFET 


Vin 


MTP10N10M 
MTP40NO6M 


Virtually lossless current sensing can be achieved with the implemen- 
tation of a SENSEFET power switch. For proper operation, the mirror 
and Kelvin pins must be connected as shown. 


Sy) 


FIGURE 10 — ADJUSTABLE UNDERVOLTAGE 
LOCKOUT THRESHOLD 


The MC34153 undervoltage lockout threshoid can be modified with 
resistor Rj. The typical range is 5.7 V to 11.4 V. 
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FIGURE 11 — DIRECT TRANSFORMER DRIVE FIGURE 12 — ISOLATED MOSFET DRIVE 
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Output Schottky diodes are recommended when driving inductive loads 
at high frequencies. The diodes reduce the driver's power dissipation 


by preventing the output pins from being driven above Vcc and below 
ground. 


FIGURE 13 — DUAL CHARGE PUMP CONVERTER 
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The capacitor’s equivalent series resistance limits the Drive Output 10 
Current to 1.5 A. An additional series resistor may be required when 20 
using tantalum or other low ESR capacitors. 
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@ SEMICONDUCTOR xxx 
TECHNICAL DATA 


MC34160 


MC33160 


Advance Information 


MICROPROCESSOR VOLTAGE REGULATOR 
AND SUPERVISORY CIRCUIT 


The MC34160 Series is a voltage regulator and supervisory cir- 
cuit containing many of the necessary monitoring functions 
required in microprocessor based systems. It is specifically 
designed for appliance and industrial applications, offering the 
designer a cost effective solution with minimal external compo- 
nents. These integrated circuits feature a 5.0 V/100 mA regulator 
with short circuit current limiting, pinned out 2.6 V bandgap ref- 
erence, low voltage reset comparator, power warning comparator 
with programmable hysteresis, and an uncommitted comparator 
ideally suited for microprocessor line synchronization. 

Additional features include a chip disable input for low standby 
current, and internal thermal shutdown for over temperature 
protection. 

These devices are contained in a 16 pin dual-in-line heat tab 
plastic package for improved thermal conduction. 


MICROPROCESSOR 
VOLTAGE REGULATOR’ 
SUPERVISORY CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648C 


5.0 Volt Regulator Output Current in Excess of 100 mA 
Internal Short Circuit Current Limiting 

Pinned Out 2.6 V Reference 

Low Voltage Reset Comparator 

Power Warning Comparator with Programmable Hysteresis PIN CONNECTIONS 
Uncommitted Comparator 

Low Standby Current 

Internal Thermal Shutdown Protection 


Heat Tab Power Package 


Comparator 
Inverting Input 1 | 
Comparator [2 | 

NonInverting Input 


REPRESENTATIVE BLOCK DIAGRAM 


7 Regulator Output 


Regulator Output 
10] Hysteresis Adjust 
9 | Power Sense 


"1 
| Reset 


Power Warning 8 | 


(Top View) 


| 
Reference Output 
15 16 
| | 


Power Warning 


+ 
Power Sense | o> 
Hysteresis Adjust | ae 


Cy) 1 On/Off 


10 


NonInverting Input 


2 l ORDERING INFORMATION 


Comparator Output 
¢ Temperature 
Range Package 


io | MC34160P 0°C to +70°C Plastic DIP 
Gnd O 4, 5, 12, 13 

MC33160P | — 40°C to +85°C Plastic DIP 
This document contains information on a new product. Specifications and information herein are 


subject to change without notice. 


Inverting Input 
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MAXIMUM RATING 


Rating 


Chip Disable Input Voltage (Pin 15, Note 1) Vv ~0.3 to Vcc | ov | 
| lin [| -20t0 +20] ma_| 


Vv 
Vv 
Comparator Input Current (Pin 1, 2, 9) —2.0 to +2.0 A 
Vv 
mA 


Comparator Output Voltage (Pin 6, 7, 8) rf vo | 4 | 
mw 
°C/W 


Comparator Output Sink Current (Pin 6, 7, 8) ! isink | 


Power Dissipation and Thermal Characteristics 


Maximum Power Dissipation @ Ta = 70°C Pp 1000 
Thermal Resistance Junction to Air Raja 80 
Thermal Resistance Junction to Case (Pin 4, 5, 12, 13) Resc 15 “CW 


Operating Junction Temperature 


Operating Ambient Temperature 
MC34160 
MC33160 


Storage Temperature Range 


Oto +70 
—40 to +85 


ELECTRICAL CHARACTERISTICS (Vcc = 30 V, Io = 10 mA, Ire¢ = 100 pA) For typical values Ta = 25°C, for min/max values 
Ta is the operating ambient temperature range that applies [Notes 2 and 3] unless otherwise noted. 


Characteristic [| Symbot | Min | typ | Max | unit | 
REGULATOR SECTION 


Total Output Variation (Vcc = 7.0 V to 40 V, 
lo = 1.0 mA to 100 mA, Ta = Tow to Thig 


Line Regulation (Vcc = 7.0 V to 40 V, Ta = 25°C) 


Load Regulation (lg = 1.0 mA to 100 mA, Ta = 25°C) Regioad 


Ripple Rejection 
(Vcc = 25 V to 35 V, Iq = 40 mA, f = 120 Hz, Ta = 25°C) 


REFERENCE SECTION 


Total Output Variation (Vcc = 7.0 V to 40 V, 
IQ = 0.1 mA to 2.0 MA, Ta = Tiow to Thig 


Line Regulation (Vcc = 5.0 V to 40 V, Ta = 25°C) 
Load Regulation (Ig = 0.1 mA to 2.0 mA, Ta = 25°C) 
RESET COMPARATOR 


Threshold Voltage 
High State Output (Pin 11 Increasing) (Vg - 0.11) 
Low State Output (Pin 11 Decreasing) (Vo —0.18) 


Hysteresis 


Output Sink Saturation (Vcc = 4.5 V, ISink = 2.0 mA) 


Output Off-State Leakage (Voy = 40 V) 


Notes: 
1. The maximum voltage range is —0.3 V to Vcc or +35 V, whichever is less. 
2. Tiow = 0°C for MC34160 Thigh = +70°C for MC34160 


= ~40°C for MC33160 = +85°C for MC33160 
3., Low duty cycle pulse testing techniques are used during test to maintain junction temperature as close to ambient as possible. 
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ELECTRICAL CHARACTERISTICS — Continued (Vcc = 30 V, Io = 10 mA, lref = 100 uA) For typical values Ta = 25°C, for 
min/max values Ta is the operating ambient temperature range that applies [Notes 2 and 3] unless otherwise noted. 


Characteristic 


[_symbot | Min | 


Typ 


POWER WARNING COMPARATOR 


Input Offset Voltage 


Input Bias Current (Vpin g = 3.0 V) 


Input Hysteresis Current (Vpin 9 = Vref — 100 mV) 
Rpin 10 = 24k 
RPin 10 = * 


Output Sink Saturation (Isjnk = 2.0 mA) 


Output Off-State Leakage (Voy = 40 V) 


UNCOMMITTED COMPARATOR 


Input Offset Voltage (Output Transition Low to High) 


Input Hysteresis Voltage (Output Transition High to Low) 


Input Bias Current (Vpin 1,2 = 2.6 V) 


Input Common-Mode Voltage Range 


Output Sink Saturation (Isink = 2.0 mA) 


Output Off-State Leakage (VOW = 40 V) 


TOTAL DEVICE 


Chip Disable Threshold Voltage (Pin 15) 


High State (Chip Disabled) 


Low State (Chip Enabled) 
| Chip Disable Input Current (Pin 15) 
High State (Vin = 2.5 V) 
Low State (Vj, = 0.8 V) 


Chip Disable Input Resistance (Pin 15) 


Operating Voltage Range 
Vo (Pin 11) Regulated 
Vref (Pin 16) Regulated 


Power Supply Current 
Standby (Chip Disable High State) 
Operating (Chip Disable Low State) 


FIGURE 1 — REGULATOR OUTPUT VOLTAGE CHANGE versus 
SOURCE CURRENT 


CHANGE (mV} 


| 
> 
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AVo, REGULATOR OUTPUT VOLTAGE 


Ig, REGULATOR OUTPUT SOURCE CURRENT (mA) 


FIGURE 2 — REFERENCE AND REGULATOR OUTPUT versus 
SUPPLY VOLTAGE 


Regulator Output 


OUTPUT VOLTAGE (V) 


Vcc, SUPPLY VOLTAGE (V} 
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FIGURE 3 — REFERENCE OUTPUT VOLTAGE CHANGE versus 
SOURCE CURRENT 
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FIGURE 5 — POWER WARNING COMPARATOR DELAY versus 


TEMPERATURE 
800 
Voc = 30V Output Rise 

on Vin (Pin 9) = 2.5Vto27V 
2 RL = 24k to Vo 
= 
= 600 
> 
< 
ww 
a 
2 Output Fall 
5 400 
fo) 
car 
=) 

200 


— 55 —2 0 25 50 75 100 125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 — COMPARATOR OUTPUT SATURATION versus 
SINK CURRENT 


Vcc = 60V 

VPin1 = Vref 

VPin 2,9 = 10 kM to Gnd 
Veat = Pins 6, 7, 8 


VoL, OUTPUT SATURATION (V) 


0 20 4.0 6.0 8.0 
Isink: SINK CURRENT (mA) 


Raya, THERMAL RESISTANCE JUNCTION TO AIR (°C/W) 


FIGURE 4 — POWER WARNING HYSTERESIS CURRENT 
versus PROGRAMMING RESISTOR 
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FIGURE 6 — UNCOMMITTED COMPARATOR DELAY versus 
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FIGURE 8 — THERMAL RESISTANCE AND MAXIMUM POWER 
DISSIPATION versus P.C.B. COPPER LENGTH 
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Pp, MAXIMUM POWER DISSIPATION (W) 


L, LENGTH OF COPPER (mm) 
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PIN FUNCTION DESCRIPTION 


| Pino, | Function [| eseription 


Comparator Inverting Input 


This is the Uncommitted Comparator Inverting input. It is typically connected 


to a resistor divider to monitor a voltage. 


Comparator Noninverting Input 


3 N.C. 


4,5,12,13 | Gnd 


Comparator Output 


Reset 


Power Warning 


Power Sense 


This is the Uncommitted Comparator Noninverting input. It is typically 
connected to a reference voltage. 


No connection. This pin is not internally connected. 
These pins are the control circuit grounds and are connected to the source 
and load ground returns. They are part of the IC lead frame and can be used 


for heatsinking. 


This is the Uncommitted Comparator output. It is an open collector sink-only 
output requiring a pull-up resistor. 


This is the Reset Comparator output. !t is an open collector sink-only output 
requiring a pull-up resistor. 


This is the Power Warning Comparator output. It is an open collector sink-only 
output requiring a pull-up resistor. 


This is the Power Warning Comparator noninverting input. It is typically 


connected to a resistor divider to monitor the input power source voltage. 


Hysteresis Adjust 


Regulator Output 


Vcc 
Chip Disable 


Vref 


OPERATING DESCRIPTION 
The MC34160 series is a monolithic voltage regulator 


and supervisory circuit containing many of the neces- 
sary monitoring functions required in microprocessor 
based systems. It is specifically designed for appliance 
and industrial applications, offering the designer a cost 
effective solution with minimal external components. 
These devices are specified for operation over an input 
voltage of 7.0 V to 40 V, and with a junction temperature 
of —40°C to + 150°C. A typical microprocessor appli- 
cation is shown in Figure 9. 


The Power Warning Comparator hysteresis is programmed by a resistor 
connected from this pin to ground. 


This is the 5.0 V Regulator output. 
This pin is the positive supply input of the control IC. 
This input is used to switch the IC into a standby mode turning off all outputs. 


This is the 2.6 V Reference output. It is intended to be used in conjunction 
with the Power Warning and Uncommitted comparators. 


Regulator 

The 5.0 V regulator is designed to source in excess 
of 100 mA output current and is short circuit protected. 
The output has a guaranteed tolerance of + 5.0% over 
line, load, and temperature. Internal thermal shutdown 
circuitry is included to limit the maximum junction tem- 
perature to a safe level. When activated, typically at 
170°C, the regulator output turns off. 

In specific situations a combination of input and out- 
put bypass capacitors may be required for regulator 
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stability. If the regulator is located an appreciable dis- 
tance (>4”) from the supply filter, an input bypass capac- 
itor (Cin) of 0.33 uF or greater is suggested. Output 
capacitance values of less than 5.0 nF may cause reg- 
ulator instability at light load (<1.0 mA) and cold tem- 
perature. An output bypass capacitor of 0.1 wF or greater 
is recommended to ensure stability under all load con- 
ditions. The capacitors selected must provide good high 
frequency characteristics. 

Good construction techniques should be used to min- 
imize ground loops and lead resistance drops since the 
regulator does not have external sense inputs. 


Reference 
The 2.6 V bandgap reference is short circuit protected 


and has a guaranteed output tolerance of +5.0% over 
line, load, and temperature. It is intended to be used in 
conjunction with the Power Warning and Uncommitted 
Comparator. The reference can source in excess of 2.0 
mA and sink a maximum of 10 uA. For additional current 
sinking capability, an external load resistor to ground 
must be used. 

Reference biasing is internally derived from either 
Vcc or Vo, allowing proper operation if either drops 
below nominal. 


Chip Disable 

This input is used to switch the IC into a standby 
mode. When activated, internal biasing for the entire 
die is removed causing all outputs to turn off. This 
reduces the power supply current (Icc) to less than 0.3 
mA. 


Comparators 

Three separate comparators are incorporated for volt- 
age monitoring. Their outputs can provide diagnostic 
information to the microprocessor, preventing system 
malfunctions. 

The Reset Comparator Inverting Input is internally 
connected to the 2.6 V reference while the Noninverting 
Input monitors Vo. The Reset Output is active low when 
Vo falls approximately 180 mV below its regulated volt- 
age. To prevent erratic operation when crossing the 
comparator threshold, 70 mV of hysteresis is provided. 

The Power Warning Comparator is typically used to 
detect an impending loss of system power. The Invert- 
ing Input is internally connected to the reference, fixing 
the threshold at 2.6 V. The input power source Vjn is 
monitored by the Noninverting Input through the R4/ 
R2 divider (Figure 9). This input features an adjustable 
10 4A to 50 uA current sink I} that is programmed by 
the value selected for resistor Ry. A default current of 
6.5 2A is provided if Ry is omitted. When the compar- 
ator input falls below 2.6 V, the current sink is activated. 


This produces hysteresis if Vin is monitored through a 
series resistor (Rj). The comparator thresholds are 
defined as follows: 


Ry 
nt) ~ lp Ry 


Ry 
nt) + Ip Ry 


Vth(lower) = Vref (1 of 


Vth(upper) = Vref (; + 


The nominal hysteresis current I equals 1.2 V/Ry 
(Figure 4). 

The Uncommitted Comparator can be used to syn- 
chronize the microprocessor with the ac line signal for 
timing functions, or for synchronous load switching. It 
can also be connected as a line loss detector as shown 
in Figure 10. The comparator contains 200 mV of hys- 
teresis preventing erractic output behavior when cross- 
ing the input threshold. 

The Power Warning and Uncommitted Comparators 
each have a transistor base-emitter connected across 
their inputs. The base input normally connects to a volt- 
age reference while the emitter input connects to the 
voltage to be monitored. The transistor limits the neg- 
ative excursion on the emitter input to —0.7 V below 
the base input by supplying current from Vcc. This 
clamp current will prevent forward biasing the IC sub- 
strate. Zener diodes are connected to the comparator 
inputs to enhance the IC’s electrostatic discharge capa- 
bility. Resistors Ry and Rjp must limit the input current 
to a maximum of +2.0 mA. 

Each comparator output consists of an open collector 
NPN transistor capable of sinking 2.0 mA with a satu- 
ration voltage less than 0.4 V, and standing off 40 V with 
minimal leakage. Internal bias for the Reset and Power 
Warning Comparators is derived from either Vcc or the 
regulator output to ensure functionality when either is 
below nominal. 


Heat Tab Package 

The MC34160 is contained in a 16 lead plastic dual- 
in-line package in which the die is mounted on a special 
Heat Tab copper alloy lead frame. This tab consists of 
the four center ground pins that are specifically 
designed to improve thermal conduction from the die 
to the surrounding air. The pictorial in Figure 8 shows 
a simple but effective method of utilizing the printed 
circuit board medium as a heat dissipator by soldering 
these tabs to an adequate area of copper foil. This per- 
mits the use of standard board layout and mounting 
practices while having the ability to more than halve 
the junction to air thermal resistance. The example and 
graph are for a symmetrical layout on a single sided 
board with one ounce per square foot copper. 
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FIGURE 9 — TYPICAL MICROPROCESSOR APPLICATION 
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FIGURE 10 — LINE LOSS DETECTOR APPLICATION 
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FIGURE 11 — TIME DELAYED MICROPROCESSOR RESET 
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Advance Information 


POWER SWITCHING REGULATORS 


The MC34163 series are monolithic power switching regulators POWER SWITCHING 
that contain the primary functions required for DC-to-DC con- REGULATORS 
verters. This series was specifically designed to be incorporated 
in Step-Up, Step-Down, and Voltage-Inverting applications with SILICON MONOLITHIC 
a minimum number of external components. INTEGRATED CIRCUIT 


These devices consist of two high gain voltage feedback com- 
parators, temperature compensated reference, controlled duty 
cycle oscillator, driver with bootstrap capability for increased effi- 
ciency, and a high current output switch. Protective features con- 
sist of cycle-by-cycle current limiting, and internal thermal shut- 
down. Also included is a low voltage indicator output designed 
to interface with microprocessor based systems. 

These devices are contained in a 16 pin dual-in-line heat tab 
plastic package for improved thermal conduction. 

Output Switch Current in Excess of 3.0 A 
Operation from 2.5 V to 40 V Input 
Low Standby Current 
Precision 2% Reference 
Controlled Duty Cycle Oscillator 
Driver with Bootstrap Capability for Increased Efficiency P SUFFIX 
a2 fee PLASTIC PACKAGE 
Cycle-By-Cycle Current Limiting CASE 648C 
Internal Thermal Shutdown Protection 


Low Voltage Indicator Output for Direct Microprocessor 
Interface 


@ Heat Tab Power Package 


SIMPLIFIED BLOCK DIAGRAM PIN CONNECTIONS 


LVI Output Bootstrap Input 
Voltage Feedback 2 Switch 
Voltage Feedback 1 Emitter 


Gnd-{ 


Timing Capacitor[ 6] Switch 
Vcc Collector 
| 9 | Driver Collector 


Collector 


(Top View) 


Switch 
Emitter 


ORDERING INFORMATION 
Temperature 


Cc 


MC34163P 0 to +70°C 16 Plastic DIP 
MC33163P —40 to +85°C | 16 Plastic DIP 


Bootstrap Input 


(Bottom View) 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATING 


[—vaue | 
Power Supply Voltage Vcc | 40 


Switch Collector Voltage Range VC(switch) | — 1.0 to +40 


| Unit _| 
C(switch) 
Vv 
| mA | 
| mA | 


Vv 

Switch Collector to Emitter Voltage VCE(switch) i 

Switch Current (Note 1) be Ae 
Driver Collector Voltage Vc(driver) | — 1.0 to +40 

Driver Collector Current IC(driver) 

Vi 


Bootstrap Input Current Range (Note 1) —100 to +100} mA 


Current Sense Input Voltage Range Vipk(sense)|} (VCC ~ 7.0) to Vv 
(Vcc + 1.0) 
Feedback, and Timing Capacitor Input Vin -1.0 to +7.0 Vv 
Voltage Range 


Low Voltage Indicator Output Voltage Range VciLvi) — 1.0 to +40 
Low Voltage Indicator Output Sink Current Ic(LVI) f to [oma | 


Power Dissipation and Thermal Characteristics 
P Suffix Package Case 648C-02 


0 
: iE 


Maximum Power Dissipation @ Ta = 25°C 1.56 Ww 
Thermal Resistance Junction to Air Rea 80 °C/W 
Thermal Resistance Junction to Case ReJsc 15 °C/W 


(Pins 4, 5, 12, 13) 


Operating Junction Temperature 


Operating Ambient Temperature (Note 3) 
MC34163 
MC33163 —40 to +85 


Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS Vcc = 15 V, Pin 16 = Vcc, CT = 620 pF, for typical values Ta = 25°C, for min/max values 
Ta is the operating ambient temperature range that applies, (Note 3), unless otherwise noted. 


OSCILLATOR 


Frequency fosc kHz 
Ta = 25°C 
Total Variation over Vcc = 2.5 V to 40 V, and Temperature 


Charge Current 
Discharge Current 


ere oe ee 
Sea Ss 

Charge to Discharge Current Ratio } 90 | wo | — | 
Eee ae ee 

ie a ee 


=a 
ease 
| 80 | 
ee 
| Yoscw) | = | 


vey 5.05 5.2 Vv 
0.008 0.03 IN 
4.85 _ 5.25 V 


| uerer) | | 00 


+ 


EF 
> jo 


+150 


2 
6 


2 
o 


Oto +70 


°C 


Tstg 


FEEDBACK COMPARATOR 1 


Threshold Voltage 
Ta = 26°C 
Line Regulation (Vcc = 2.5 V to 40 V, Ta = 25°C) 
Total Variation over Line, and Temperature 


Input Bias Current (Veg 1 = 5.05 V) 


NOTES: 
1. Maximum package power dissipation limits must be observed. 
3. Tlow = 0°C for MC34163 Thigh = + 70°C for MC34163 
= ~40°C for MC33163 = +85°C for MC33163 
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ELECTRICAL CHARACTERISTICS (continued) Vcc = 15 V, Pin 16 = Vcc, Ct = 620 pF, for typical values Ta = 25°C, for 
min/max values Ta is the operating ambient temperature range that applies, (Note 3), unless otherwise noted. 


| Characteristic | Syrmbot_ | min | Typ | Max | Unit | 


Vth(FB2) 
1.25 1.275 Vv 
0.008 0.03 %N 
1 213 1.287 ea 
Input Bias Current (VeB2 = 1.25 V) | A | 


woven | -o« | [oa 
CURRENT LIMIT COMPARATOR 


Threshold Voltage Vth(Ipk sense) 
Ta = 25°C 
Total Variation over Vcc = 2.5 V to 40 V, and Temperature 


Input Bias Current (Vipkisense) = 15 V) NiB(sense) 
Isw/Ipry ~ 20) 


VCE(sat) 
1.3 17 
Darlington Connection (Pins 9, 10, 11 connected) 1.5 2.2 


enieana / 002 | 200 | na_| 
Bootstrap Input Current Source (Vgg = Vcc + 5.0 V) -— sett} ae tea 
LOW VOLTAGE INDICATOR 

input Threshold Vega increasing) ————=S~*~dCSCSSSdSC CST 
input Hysoes Wega deeasingh TL Lis 
| Output Sink Saturation Voltage (Igink = 20mA)_ | Vonawy | — | ots | os | v | 
output OF Stato Leatage Curent Vou = ov) +d stow | | of 0 


TOTAL DEVICE 
Standby Supply Current (Vcc = 2.5 V to 40 V, Pin 8 = Vcc, 
Pins 6, 14, 15 = Gnd, remaining pins open) 


NOTES: 
2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 


FEEDBACK COMPARATOR 2 


Threshold Voltage 
Ta = 25°C 

Line Regulation (Vcc = 2.5 V to 40 V, Ta = 25°C) 
Total Variation over Line, and Temperature 


DRIVER AND OUTPUT SWITCH (Note 2) 


| Sink Saturation Voltage (Igy = 2.5 A, Pins 14, 15 grounded) 
Non-Darlington Connection (Rpin g = 110 2 to Vcc, 


3. Tlow = 0°C for MC34163 Thigh = +70°C for MC34163 
= —40°C for MC33163 = +85°C for MC33163 
FIGURE 1 — OUTPUT SWITCH ON-OFF TIME versus FIGURE 2 — OSCILLATOR FREQUENCY CHANGE 
OSCILLATOR TIMING CAPACITOR versus TEMPERATURE 

a = pp _ 
SE ee = 4 
w A = 25°C — [o) 
= = z 

= 1) ton Rpt = % Ea =< 
ie 2) ton Rot = 20k e 
9 3) ton, tot. ApT = 10k A S 
6 4) to#. RoT = 20k. TA & 
B 4o{ 5) tott RoT = © # g 
B ‘oe « 
Re = oO 
> a Lad 
= = be 
— = 
2 |_| 3B 
(o) ize) 
. || 2 
° [o) 
< |] Q 
S L£ 
é & 4 

—§5 25 50 7 100 125 
Cy, OSCILLATOR ae CAPACITOR (nF} ik AMBIENT TEMPERATURE (°C) 
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B ISQURCE(DRV). BOOTSTRAP INPUT CURRENT SOURCE (mA) 


VCE(sat), SOURCE SATURATION (V} 
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FIGURE 3 — FEEDBACK COMPARATOR 1 INPUT BIAS 
CURRENT versus TEMPERATURE 
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FIGURE 4 — FEEDBACK COMPARATOR 2 THRESHOLD 
VOLTAGE versus TEMPERATURE 
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FIGURE 5 — BOOTSTRAP INPUT CURRENT SOURCE 
versus TEMPERATURE 
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FIGURE 7 — OUTPUT SWITCH SOURCE SATURATION 
versus EMITTER CURRENT 


Darlington Configuration 
Emitter Sourcing Current to Gnd 
Pins 7,8, 10,11 = Vcc 
Pins 4, 5, 12, 13 = Gnd 


Vec = 15V 


: ——_ 
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6.8 


Pins 7,8 = Vcc 
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FIGURE 6 — BOOTSTRAP INPUT ZENER CLAMP VOLTAGE 
versus TEMPERATURE 
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FIGURE 8 — OUTPUT SWITCH SINK SATURATION 
versus COLLECTOR CURRENT 
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FIGURE 9 — OUTPUT SWITCH NEGATIVE EMITTER FIGURE 10 — LOW VOLTAGE INDICATOR OUTPUT SINK 
VOLTAGE versus TEMPERATURE SATURATION VOLTAGE versus SINK CURRENT 
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FIGURE 11 — CURRENT LIMIT COMPARATOR THRESHOLD FIGURE 12 — CURRENT LIMIT COMPARATOR INPUT BIAS 
VOLTAGE versus TEMPERATURE CURRENT versus TEMPERATURE 
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FIGURE 13 — STANDBY SUPPLY CURRENT FIGURE 14 — STANDBY SUPPLY CURRENT 
versus SUPPLY VOLTAGE versus TEMPERATURE 
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FIGURE 15 — MINIMUM OPERATING SUPPLY VOLTAGE 
versus TEMPERATURE 


- FIGURE 16 — THERMAL RESISTANCE AND MAXIMUM 
POWER DISSIPATION versus P.C.B. COPPER LENGTH 
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FIGURE 17 — REPRESENTATIVE BLOCK DIAGRAM 
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FIGURE 18 — TYPICAL OPERATING WAVEFORMS 
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FIGURE 19 — STEP-DOWN CONVERTER 


Low Voitage 


Indicator 
Output 
Coilcraft 
LO451-A Vout 
5.05 V/3.0 A 
22007 cg 
Test Condition Results 
Line Regulation Vin = 8.0 V to 24V,l9 = 3.0A 6.0 mV = +0.06% 
Load Regulation Vin = 12V, lo = 06Ato3.0A 2.0 mV = +0.02% 
Output Ripple Vin = 12V, lo = 3.0A 36 mVp-p 
Short Circuit Current Vin = 12V, RL = 0.102 3.3A 
he ee eo eae ey 
Efficiency, Without Bootstrap Vin = 12 V, lg = 3.0A 76.7% 
f-———r tall 
Efficiency, With Bootstrap Vin = 12V, lg = 3.0A 81.2% | 


FIGURE 20 — EXTERNAL CURRENT BOOST CONNECTIONS FOR Ipk(switch) GREATER THAN 3.4 A 


20A — EXTERNAL NPN SWITCH 20B — EXTERNAL PNP SATURATED SWITCH 
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FIGURE 21 — STEP-UP CONVERTER 
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28 V/600 mA 


Condition Results 
Vin = 9-0 Vto 16 V, Ig = 0.6A 30 mV = +0.05% 
= 12V,I9 = 0.1At006A 50 mV = +0.09% 
12V, lo = 06A 140 mVp-p 
12V, lo = 06A 88.1% 
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Line Regulation 


Load Regulation 
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FIGURE 22 — EXTERNAL CURRENT BOOST CONNECTIONS FOR Ipk(switch) GREATER THAN 3.4 A 


22A — EXTERNAL NPN SWITCH 22B — EXTERNAL NPN SATURATED SWITCH 
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FIGURE 23 — VOLTAGE-INVERTING CONVERTER 
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Condition 
Line Regulation Vin = 9.0Vto 16V,lo = 10A 5.0 mV = +0.02% 
Load Regulation Vin = 12V, lo = 06AtO1.0A 2.0 mV = +0.01% 

Vin = 12V, Ig = 1.0A 130 mVp-p 
Short Circuit Current Vin = 12V, RL = 0.1.0 3.2A 

1.0A 73.1% 


1.0A | 77.5% 


FIGURE 24 — EXTERNAL CURRENT BOOST CONNECTIONS FOR Ipk(switch) GREATER THAN 3.4 A 
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24A — EXTERNAL NPN SWITCH 24B — EXTERNAL PNP SATURATED SWITCH 
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FIGURE 25 — PRINTED CIRCUIT BOARD AND COMPONENT LAYOUT 
(CIRCUITS OF FIGURES 19, 21, 23) 
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MC34163 Step-Up 


Top View 
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MC34163 Voltage-Inverting 
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Top View 


Bottom View 


All printed circuit boards are 2.58” in width by 1.9” in height. 
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TECHNICAL DATA 


Advance Information 


MICROPOWER 
UNDERVOLTAGE 


POWER UN E I IRCUIT 
MICROPO UNDERVOLTAGE SENSING CIRCU SENSING CIRCUIT 


The MC34164 is an undervoltage sensing circuit specifically 
designed for use as a reset controller in portable microprocessor 
based systems where extended battery life is required. It offers 
the designer an economical solution for low voltage detection 
with a single external resistor. The MC34164 features a bandgap 
reference, a comparator with precise thresholds and built-in hys- 
teresis to prevent erratic reset operation, an open collector reset 
output capable of sinking in excess of 7.0 mA, and guaranteed 
operation down to 1.0 V input with extremely low standby current. 
These devices are packaged in 3-pin TO-226AA and 8-pin surface 
mount packages. 

Applications include direct monitoring of the 5.0 Volt MPU/logic 
power supply used in appliance, automotive, consumer, and 
industrial equipment. 


@ Temperature Compensated Reference 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ Precise Comparator Thresholds Guaranteed Over Pin 1. Reset 
Temperature 2. Input 

@ Comparator Hysteresis Prevents Erratic Reset 3. Ground 

e@ Reset Output Capable of Sinking in Excess of 7.0 mA P SUFFIX 

@ Internal Clamp Diode for Discharging Delay Capacitor PLASTIC PACKAGE 

@ Guaranteed Reset Operation with 1.0 V Input eect 

e@ Extremely Low Standby Current of 12 nA 

@ Economical TO-226AA and Surface Mount Packages 


‘& 
1 


REPRESENTATIVE BLOCK DIAGRAM 


Pin 1. Reset 
2. Input 
3. N.C. 
4. Ground 
5. N.C. 
6. N.C. 
7. N.C. 
8.N.C. 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8} 


ORDERING INFORMATION 


Gnd 0 3 (4) Sink Only 
P- = Positive True Logic 


Pin numbers adjacent to terminals are for the 3-pin TO-226AA package. 
Pin numbers in parenthesis are for the D suffix SO-8 package. 


Temperature 
Range 


Device 


MC34164D-5 
MC34164P-5 
MC33164D-5 

— 40°C to +85°C 
MC33164P-5 


Package 
Plastic SO-8 


Plastic TO-226AA 
Plastic SO-8 


Plastic TO-226AA 


0°C to + 70°C 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATINGS 


L Rating Value Unit 
Power Input Supply Voltage —1.0 to 12 V 
| Reset Output Voltage —1.0 to 12 Vv 
Reset Output Sink Current Internally mA 1 
Limited = 
Clamp Diode Forward Current, Pin 1 to 2 (Note 1) 100 mA 
[ Power Dissipation and Thermal Characteristics | 
P Suffix, Plastic Package 
Maximum Power Dissipation @ Ta = 25°C 700 mW 
Thermal Resistance Junction to Air 178 °C/W 
D Suffix, Plastic Package 
Maximum Power Dissipation (@ Ta = 25°C 700 mw 
Thermal Resistance Junction to Air | 178 °C/W | 
Operating Junction Temperature +150 °C 
Operating Ambient Temperature Range °C | 
MC34164 0to +70 
L MC33164 -40 to +85 | 
Storage Temperature Range -—65 to + 150 | | °C | 


ELECTRICAL CHARACTERISTICS For typical values Ta = 25°C, for min‘max values Ta is the operating ambient temperature 
range that applies (Notes 2 & 3). 


=oeeae a —— 
Characteristic Symbol Min Typ Max | unit | 


COMPARATOR 


Threshold Voltage 
High State Output (Vin Increasing) VIH 
Low State Output (Vin Decreasing) 
Hysteresis (Isink = 100 “A) 


RESET OUTPUT 


Output Sink Saturation 
(Vin = 4.0 V, Isink = 1.0 mA) 
(Vin = 1.0 V, ISink = 0.25 mA) 


peareut Sink Current (Vin, Reset = 4.0 V) 
Output Off-State Leakage 


HT] 


!) 


ISink 


wir IR(leak) 
(Vin, Reset = 5.0 V) — 
(Vin, Reset = 10 V) — 
| Clamp Diode Forward Voltage, Pin 1 to 2 (Ip = 5.0 mA) | VE 0.6 
TOTAL DEVICE 
; =F 5 aaa Be 
Operating Input Voltage Range Vin 1.0 to 10 
Quiescent Input Current 
Vin = 5.0V 
Vin = 10V | - 
NOTES: 


1, Maximum Package power dissipation limits must be observed. 
2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
3. Tiow = O°C for MC34164 Thigh = +70°C for MC34164 

= -— 40°C for MC33164 = +85°C for MC33164 
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FIGURE 2 — RESET OUTPUT VOLTAGE 


FIGURE 1 — RESET OUTPUT VOLTAGE 


versus INPUT VOLTAGE 


versus INPUT VOLTAGE 


Rt = 82k to Vip 


25°C 


m 
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Vin. INPUT VOLTAGE (VI 


INPUT VOLTAGE (V} 


Vin. 


FIGURE 4 — INPUT CURRENT versus INPUT VOLTAGE 


FIGURE 3 — COMPARATOR THRESHOLD VOLTAGE 
versus TEMPERATURE 
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= 43k to Vin 
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= 
aaa 
- 

0 


Upper Threshold 
High State Output 
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Lower Threshold 
Low State Output 
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40 
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Vin, INPUT VOLTAGE (V} 


FIGURE 6 — RESET DELAY TIME 


FIGURE 5 — RESET OUTPUT SATURATION 


versus SINK CURRENT 


Vin =5.0 V to 4.0V 
RL = 43k 
Ta = 256°C 


5.0 ps/Div. 


(A) NOLLWHNLYS LNdLNO 910, 


Isink SINK CURRENT (mA) 
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FIGURE 7 — CLAMP DIODE FORWARD CURRENT 
versus VOLTAGE 


Ig, FORWARD CURRENT (mA) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 8 — LOW VOLTAGE MICROPROCESSOR RESET 


Microprocessor 
Circuit 


A time delayed reset can be accomplished with the 
addition of Cory. For systems with extremely fast 
power supply rise times (<500 ns) it is recommended 
that the RCpyy time constant be greater than 5.0 ys. 
Vth(MPU) is the microprocessor reset input threshold. 


1 
tpty = RCpiy In (; 7 vn 
in 


FIGURE 9 — LOW VOLTAGE MICROPROCESSOR RESET WITH ADDITIONAL HYSTERESIS 


TEST DATA 


= = 
VH | AVinh | RH Rt 
(kQ) 


Microprocessor 
Circuit 


+ 0.06 


AVth(lower) ~ 10 Ry x 10-6 


Where: Ry = 1.0 
= RL = 4.3 kQ, < 43 kN 


Comparator hysteresis can be increased with the addition of resistor Ry. The hysteresis equation has been 
simplified and does not account for the change of input current lin as Vcc crosses the comparator threshold 
(Figure 4). An increase of the lower threshold AVth(|qwer) Will be observed due to lj, which is typically 10 nA 
at 4.3 V. The equations are accurate to + 10% with Ry less than 1.0 kQ and R, between 4.3 kf. and 43 kf. 
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FIGURE 10 — VOLTAGE MONITOR 


FIGURE 11 — SOLAR POWERED BATTERY CHARGER 


FIGURE 12 — MOSFET LOW VOLTAGE GATE DRIVE PROTECTION 


Cc 


i 
1 


MTP3055EL 


Overheating of the logic level power MOSFET due to insufficient gate voltage can be prevented with the 
above circuit. When the input signal is below the 4.3 volt threshold of the MC34164, its output grounds the 


gate of the L2 MOSFET. 
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= SEMICONDUCTOR MC34166 
EEE 
TECHNICAL DATA MC33166 


Product Preview 
POWER SWITCHING 


POWER SWITCHING REGULATORS REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC34166, MC33166 series are high performance fixed 
frequency power switching regulators containing all the active 
functions required to implement standard DC-to-DC converter 
configurations. These devices feature an internal temperature 
compensated reference, fixed frequency oscillator with on-chip 
timing components, latching pulse width modulator for single 
pulse metering, high gain error amplifier, and a high current out- 
put switch. 

Also included are protection features consisting of under- 
voltage lockout, cycle-by-cycle current limiting, and thermal 
shutdown. 

This series was specifically designed to be incorporated in Step- 
Down and Voltage-Inverting configurations with a minimum num- 
ber of external components and can also be used cost effectively 
in Step-Up applications. 
@ 8.0 V to 40 V Operation 

Output Switch Current in Excess of 3.0 A Tevrn 

P sect erases PLASTIC PACKAGE 

Fixed Frequency Oscillator with On-Chip Timing Components CASE 314D 
5.05 V + 2.0% Reference 
High Gain Error Amplifier 
0% to 95% Output Duty Cycle 
Cycle-By-Cycle Current Limiting 
Undervoltage Lockout with Hysteresis 
Internal Thermal Shutdown 


PIN CONNECTIONS 


SIMPLIFIED BLOCK DIAGRAM 


Pin 1. Voltage Feedback Input 
2. Switched Output 
3. Ground 
4. Input Voltage 
5. Compensation 


(Heatsink surface connected to Pin 3) 


ORDERING INFORMATION 


Temperature 
Range Package 


Oto +70°C Plastic Power 
—40 to +85°C | Plastic Power 


Device 
MC34166T 
MC33166T 


This document contains information on a product under development. Motorola reserves the right 
to change or discontinue this product without notice. 
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MOTOROLA 
= SEMICONDUCTOR EEE MC44602 
TECHNICAL DATA 


Product Preview 


CURRENT MODE CONTROLLER CURRENT MODE CONTROLLER 
OPTIMIZED FOR H.V. BIPOLAR SWITCH Siew MshGNTHIC 


The MC44602 series are high performance fixed frequency cur- INTEGRATED CIRCUIT 


rent mode controllers. They are specifically designed for Off-Line 
and DC-to-DC converter applications offering the designer a cost 
effective solution with minimal external components. These inte- 
grated circuits feature an oscillator, a temperature compensated 
reference, high gain error amplifier, current sensing comparator, 
and a high current totem pole output ideally suited for driving a 
high voltage bipolar power transistor (MJE18004, MJE18008). 

Also included are protective features consisting of input and P1 SUFFIX 
reference undervoltage lockouts each with hysteresis, cycle-by- PLASTIC PACKAGE 
cycle current limiting, programmable output deadtime of 50% CASE 626 
minimum, and a latch for single pulse metering. 

These devices are available in an 8-pin dual-in-line plastic pack- 
age as well as the 16-pin plastic heat tab power package which 
offers additional features. 

FEATURES OF THE 8-PIN AND 16-PIN VERSION 

e@ Duty Cycle Limited to 50% Maximum 

e@ Current Mode Operation Up to 500 kHz P2 SUFFIX 

@ Automatic Feed Forward Compensation PLASTIC PACKAGE 

® Latching PWM for Cycle-By-Cycle Current Limiting CASE 648C 

@ Reference with Undervoitage Lockout 

@ High Current Totem Pole Output: 500 mA Source, 1.0 A Sink 

® Vcc Undervoitage Lockout with Hysteresis PIN CONNECTIONS 

@ Low Start-Up and Operating Current 

@ Direct Interface with Motorola SENSEFET Products 

@ Thermal Protection 

ADDITIONAL FEATURES OF 16-PIN VERSION 

@ Efficient Power Supply Short Circuit Protection 

@ Synchronization Input, TTL Compatible 

@ Separated Sink and Source Outputs for Optimal Base Drive 
of Bipolar Power Transistor 

@ Power Ground for Negative Output Voltage 


ORDERING INFORMATION Current Sense 6 | 


MC44602P1 


MC44602P2 


Synchronous 


Temperature Range 


Package 
8-Pin Plastic 
Pins 4, 5, 12 and 13 are electrical 


This document contains information on a product under development. Motorola reserves the right power ground and heatsink 
to change or discontinue this product without notice. pins for IC 


SENSEFET is a trademark of Motorola Inc. 


— 25 to + 85°C 
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MOTOROLA $G1525A/SG1527A 
m= SEMICONDUCTOR gums | «—-SG2525A/SG2527A 
TECHNICAL DATS $G3525A/SG3527A 


PULSE WIDTH MODULATOR CONTROL CIRCUITS 


The SG1525A/1527A series of pulse width modulator control- 
circuits offer improved performance and lower external parts 


PULSE WIDTH MODULATOR 


count when implemented for controlling all types of switching CONTROL CIRCUITS 
power supplies. The on-chip +5.1 volt reference is trimmed to 

+ 1% and the error amplifier has an input common-mode voitage SILICON MONOLITHIC 

range that includes the reference voltage, thus eliminating the INTEGRATED CIRCUITS 


need for external divider resistors. A sync input to the oscillator 
enables multiple units to be slaved or a single unit to be syn- 
chronized to an external system clock. A wide range of dead time 
can be programmed by a single resistor connected between the 
Cr and Discharge pins. These devices also feature built-in soft- J SUFFIX 
start circuitry, requiring only an external timing capacitor. A shut- CERAMIC PACKAGE 
down pin controls both the soft-start circuitry and the output CASE 620 
stages, providing instantaneous turn off through the PWM latch 
with pulsed shutdown, as well as soft-start recycle with longer 
shutdown commands. The under voltage lockout inhibits the out- 
puts and the changing of the soft-start capacitor when Vcc is N SUFFIX 
below nominal. The output stages are totem-pole design capable PLASTIC PACKAGE 
of sinking and sourcing in excess of 200 mA. The output stage of CASE 648 

the SG1525A series features NOR Logic resulting in a low output 
for an off state while the SG1527A series utilizes OR Logic which 
gives a high output when off. The devices are availabie in Military, 
Industrial and Commercial temperature ranges. 


®@ 8.0 to 35 Volt Operation 

@ 5.1 Volt + 1.0% Trimmed Reference 

@ 100 Hz to 400 kHz Oscillator Range 

@ Separate Oscillator Sync Pin 

Adjustable Dead Time Control 

Input Undervoitage Lockout 

Latching PWM to Prevent Multiple Pulses 
Pulse-by-Pulse Shutdown 

Dual Source/Sink Outputs: + 400 mA Peak 


PIN CONNECTIONS 


FUNCTIONAL BLOCK DIAGRAM 


Discharge HO} Shutdown 


Soft-Start 8 | } 9 Compensation 


To Internal 


Circuitr 
¥ Under 


Voltage 
Ground Lockout 


Vec 
(Top View) 


OSC Output 


Sync 


ORDERING INFORMATION 


ct Temperature 


Discharge | Device Range Package 


SG1525AJ _§6 to +125°C Ceramic DIP 


Compensation se SG1527AJ Ceramic DIP 
INV. Input L Tr a 
SG2525AJ Ceramic DIP 


Neinput jon» SG2525AN on | Plastic DIP 
Coste Start SG2527AJ ~28 to +88°C | Ceramic DIP 
SG2527AN Plastic DIP 
SS : ran bears : 
Shutdown O Lf! SG3525AJ Ceramic DIP 
SG3525AN ‘ Plastic DIP 
SG3527AJ Oto +70°C | Ceramic DIP 
SG3527AN Plastic DIP 
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MAXIMUM RATINGS (Note 1} 


Value 
+40 
+40 
-0.3 to +5.5 
-0.3 to Vcc 
+500 


Supply Voltage 


Collector Supply Voitage 


Logic Inputs 


Analog Inputs 


Output Current, Source or Sink 


Reference Output Current 


Oscillator Charging Current 


Power Dissipation (Plastic & Ceramic Package) 
Ta = +25°C (Note 2) 
Tc = +25°C (Note 3} 


N 


Thermal Resistance Junction to Air 
Plastic and Ceramic Package 


Thermal Resistance Junction to Case 
Plastic and Ceramic Package 


+150 


-65 to +150 
-§5 to +125 


+300 


Operating Junction Temperature 


Storage Temperature Range Ceramic Package 
Plastic Package 


Lead Temperature (Soldering, 10 Seconds) 


TSolder 


NOTES 
1. Values beyond which damage may occur 
2. Derate at 10 mMW’°C for ambient temperatures above +50°C 
3 Derate at 16 mW°°C for case temperatures above +25°C 


RECOMMENDED OPERATING CONDITIONS 


Characteristic [ Symbol Min. Max. Unit 
Supply Voltage Vec +80 +35 Vde 
Coliector Supply Voltage Ve +45 +35 Vde 
Output Sink/Source Current lo mA 
(Steady State) 0 +100 
(Peak) 0) +400 
Reference Load Current lref 0 20 mA 
Oscillator Frequency Range fose 0.1 400 kHz 
Oscillator Timing Resistor RT 2.0 150 kn 
Oscillator Timing Capacitor CT 0.001 0.2 pF 
Deadtime Resistor Range Rp 0 500 2 
Operating Ambient Temperature Range TA °C 
$G1525A, SG1527A -55 +125 
$G2525A, SG2527A -25 +85 
$G3525A, SG3527A (e) +70 
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ELECTRICAL CHARACTERISTICS (Vcc = +20 Vdc, Ta = Tigw to Thigh [Note 4], unless otherwise specified) 


SG1525A/2525A SG3525A 
SG1527A/2527A SG3527A 
Characteristic Symboi Min Typ Max Min Typ Max Unit 
REFERENCE SECTION 
Reference Output Voltage (Ty = +25°C) Vref 5.05 5.10 5.15 5.00 5.10 5.20 Vde 
Line Regulation (+8.0 V < Vcc < +35 V) Regiine _ 16 20 — 10 20 mV 


ond Reguiaven(OmAci.<20ma | Reding |_| 20 | 0 | 20] 60 
Fremperawre sibinty Sd Mev at | | | — f - |  — | ov | 


Total Output Variation AVret 5.00 _ 5.20 4.95 _ 5.25 Vde 
includes Line and Load Regulation 
over Temperature 


Short Circuit Current Isc = 80 100 — 80 100 mA 
(Vref = OV, Ty = +25°C) 

Output Noise Voltage Vn = 40 200 - 40 200 uVims 
(10 Hz<f< 10 kHz, Ty = +25°C) 

Long Term Stability (Ty = +125°C) (Note 5) Ss _ 20 50 _ 20 50 mV/khr 


OSCILLATOR SECTION (Note 6, unless otherwise specified) 


Initial Accuracy (Ty = +25°C) | = = +2.0 
Frequency Stability with Voltage Afose = +03 
(*8.0V< Vcc < +35 V) AVec 


Frequency Stability with Temperature Afosc 


Minimum Frequency (Ry = 150 kQ, Cyt = 0.2 uF) fmin 


Maximum Frequency (Ry = 2.0 k01, CT = 1.0 nF) fmax 


Current Mirror (Iq7 = 2.0 mA) om 


Clock Amplitude ae 


Clock Width (Ty = +25°C) ~_ 
Sync Threshold a 


Sync Input Current (Sync Voltage = +3.5 V}) ~ 


ERROR AMPLIFIER SECTION (Vcjy = +5.1 V) 
input Offset Voltage Vio — 0.5 


Input Bias Current i=) _ 1.0 


input Offset Current Ho — — 
OC Open Loop Gain (Ry > 10 Mf) AVOL 60 75 


Low Level Output Voltage VoL _— 0.2 


High Level Output Voltage VOH 3.8 5.6 


Common Mode Rejection Ratio CMRR 60 75 
(+1.5V< Voy +5.2 V) 


Power Supply Rejection Ratio PSRR 50 60 
(+8.0V < Voc = +35 V) 


PWM COMPARATOR SECTION 


Minimum Duty Cycle = _ 
Maximum Duty Cycle fore eee 


Input Threshold, Zero Duty Cycle (Note 6) VTH 06 09 
Input Threshold, Maximum Duty Cycle (Note 6) VTH — 3.3 


Input Bias Current 11g _ 0.05 
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ELECTRICAL CHARACTERISTICS (Continued) 


Characteristic Symbol 


SG3525A 
SG3527A 


$G1525A/2525A 
SG1527A/2527A 


Unit 


SOFT-START SECTION 


Soft-Start Current (Vsh utdown = 0 V) 


Soft-Start Voltage (Vshutdown = 2-0 V) 


Shutdown Input Current (Vshutdown = 2-5 V) 
OUTPUT DRIVERS (Each Output, Vcc = +20 V) 


Output Low Level VOL Vv 
(Isink = 20 mA) - 0.2 0.4 _ 0.2 0.4 
(Ising = 100 mA) - 1.0 2.0 _ 1.0 2.0 

Output High Level VOH Vv 
(lsource = 20 mA) 18 19 — 18 19 _ 
(Isqurce = 100 mA) 7 18 — 7 18 = 

Under Voltage Lockout (V8 and V9 = High) VUL 6.0 7.0 8.0 6.0 7.0 8.0 Vv 

Collector Leakage, Vc = +35 V (Note 7) '\Cileak) — -_ 200 = = 200 uA 

Rise Time (Cy = 1.0 nF, Ty = 25°C) tr — 100 600 = 100 600 ns 

Fall Time (C__ = 1.0 nF, Ty = 25°C) tf _ 50 300 am 50 300 ns 

Shutdown Delay tds = 0.2 0.5 _ 0.2 0.5 us 
(Vgp = +3.0 V, Cg =O, Ty = +25°C) 

Supply Current, (Vcc = +35 V) lec — 14 20 — 14 20 mA 

NOTES: 
4. Tlow = ~ 58°C for SG1525A/1527A 


~ 28°C for SG2525A/2527A 
0°C for SG3525A/3527A 


Thigh = + 128°C for SG1525A/1527A 
+ 85°C for SG2525A/2527A 
+70°C for SG3525A/3527A 


from lot to lot. 
. Tested at foge 


40 kHz (RT = 3.6k, Cy = 0.01 uF, Rp = 012). 


“oD 


. Applies to $G1525A/2525A/3525A only, due to polarity of output pulses. 


. Since long term stability cannot be measured on each device before shipment, this specification is an engineering estimate of average stability 


APPLICATION INFORMATION 


SHUTDOWN OPTIONS 
(See Block Diagram, front page) 


Since both the compensation and soft-start terminals 
(Pins 9 and 8) have current source pull-ups, either can 
readily accept a pull-down signal which only has to sink 
a maximum of 100 A to turn off the outputs. This is 
subject to the added requirement of discharging what- 
ever external capacitance may be attached to these pins. 

An alternate approach is the use of the shutdown 
circuitry of Pin 10 which has been improved to enhance 
the available shutdown options. Activating this circuit 
by applying a positive signal on Pin 10 performs two 


functions: the PWM latch is immediately set providing 
the fastest turn-off signal to the outputs; and a 150 pA 
current sink begins to discharge the external soft-start 
capacitor. If the shutdown command is short, the PWM 
signal is terminated without significant discharge of the 
soft-start capacitor, thus, allowing, for example, a con- 
venient implementation of pulse-by-pulse current lim- 
iting. Holding Pin 10 high for a longer duration, how- 
ever, will ultimately discharge this external capacitor, 
recycling slow turn-on upon release. 


Pin 10 should not be left floating as noise pickup could 
conceivably interrupt normal operation. 
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TYPICAL CHARACTERISTICS 


FIGURE 1 — SG1525A OSCILLATOR SCHEMATIC FIGURE 2 — OSCILLATOR CHARGE TIME versus Ry 
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FIGURE 5 — ERROR AMPLIFIER OPEN-LOOP FIGURE 6 — SG1525A OUTPUT CIRCUIT 
FREQUENCY RESPONSE (1/2 CIRCUIT SHOWN) 


Ayo. VOLTAGE GAIN (dB) 


Q6 Omitted 
in SG1527A4 


f, FREQUENCY (Hz) 
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FIGURE 7 — SG1525A/2525A/3525A 
OUTPUT SATURATION CHARACTERISTICS 
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For single-ended supplhies, the driver outputs are grounded In conventional push-pull bipolar designs, forward base 
The Vc terminal is switched to ground by the totem-pole drive is controlled by R1-R3. Rapid turn-off times for the 
source transistors on alternate oscillator cycles. power devices are achieved with speed-up capacitors C1 
and C2 
FIGURE 10 —. DRIVING POWER FETS FIGURE 11 — DRIVING TRANSFORMERS INA 


HALF-BRIDGE CONFIGURATION 


“Vsupply O 
‘Vsupply 


C1 


c2 


The low source impedance of the output drivers provides Low power transformers canbe driven directly by the SG1525A. 
rapid charging of power FET input capacitance while mini- Automatic reset occurs during deadtime, when both ends of the 
mizing external components. primary winding are switched to ground. 
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FIGURE 12 — LAB TEST FIXTURE 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


RDeadtime o 


Shutdown © = 


PULSE WIDTH MODULATION CONTROL CIRCUIT 


The $G1526 is a high performance pulse width modulator inte- 
grated circuit intended for fixed frequency switching regulators and 
other power control applications. 

Functions included in this IC are a temperature compensated 
voltage reference, sawtooth oscillator, error amplifier, pulse width 
modulator, pulse metering and steering logic, and two high current 
totem pole outputs ideally suited for driving the capacitance of power 
FETs at high speeds. 

Additional protective features include soft start and undervoltage 
lockout, digital current limiting, double pulse inhibit, adjustable dead 
time and a data latch for single pulse metering. All digital control 
ports are TTL and B-series CMOS compatible. Active low logic design 
allows easy wired-OR connections for maximum flexibility. The 
versatility of this device enables implementation in single-ended 
or push-pull switching regulators that are transformerless or trans- 
former coupled. The SG1526 is specified over the full military junc- 
tion temperature range of -55°C to+150°C. The $G25 26 is specified 
over a junction temperature range of -40°C to +150°C while the 
$G3526 is specified over a range of O°C to +125°C. 


@ 8.0 to 35 Volt Operation 

5.0 Volt +1% Trimmed Reference 

1.0 Hz to 400 kHz Oscillator Range 

Dual Source/Sink Current Outputs: +100 mA 
Digital Current Limiting 

Programmable Dead Time 

Undervoltage Lockout 

Single Pulse Metering 

Programmable Soft Start 

Wide Current Limit Common Mode Range 


Guaranteed 6 Unit Synchronization 


BLOCK DIAGRAM 
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PIN CONNECTIONS 


Compensation 3 


CSoft-Start | 4 | 


ORDERING INFORMATION 


Junction 
Temperature Range Package 


$G2526J .. | Ceramic DIP 
sG2526n | ~40t0 + 150°C | blastic DIP 


SG3526J a Ceramic DIP 
SG3526N Oto +125°C | plastic DIP 
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MAXIMUM RATINGS (Note 1) 


Rating 


Supply Voitage 


+40 


Collector Supply Voltage 


+40 


Logic Inputs 


-0.3 to +5.5 


Analog Inputs 


-0.3 to Vcc 


Output Current, Source or Sink 


+200 


Reference Load Current (Vcc = 40 V, Note 2) 


50 


Logic Sink Current 


15 


Power Dissipation (Plastic and Ceramic Package) 
(Note 3) Ta = +25°C 
(Note 4) Tc = +25°C 


Thermal Resistance Junction to Air Raga 
{Plastic and Ceramic Package) 


Thermal Resistance Junction to Case Rac 42 
(Plastic and Ceramic Package) 


Operating Junction Temperature Ty +150 


Storage Temperature Range Tstg -65 to +150 


Lead Temperature (Soldering, 10 Seconds) Tsolder +300 


Notes: 
1. Values beyond which damage may occur 
2. Maximum junction temperature must be observed. 
3. Derate at 10 mW °C for ambient temperatures above - 50 C 
4. Derate at 24 mW ‘C for case temperatures above - 25 C 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 


——_—_—_—__.—-—.. 
Supply Voltage 


| Collector Supply Voltage 

Output Sink/Source Current (Each Output) 
Reference Load Current 

| Ee ea a fe a raae ee ei 


Oscillator Frequency Range 


Oscillator Timing Resistor 


Oscillator Timing Capacitor 


Available Deadtime Range (40 kHz) 


Operating Junction Temperature Range 
$G1526 
$G2526 
$G3526 
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ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Ty = Tiow to Thigh [Note 5] unless otherwise specified) 


T a2 | 
Characteristic L Symbol Soibee7zhee eGshze Unit 


Min Typ Max Min Typ Max 


REFERENCE SECTION (Note 6) 
Reference Output Voltage (Ty = +25°C) Vref 


Line Regulation Regline 
(+8.0 V < Vcc < +35 V) 


Load Regulation, O mMA< IL < 20 mA 


Temperature Stability 


Total Reference Output Voltage Variation 
(+8.0V< Vc¢c < +35 V,O MA< 1, < 20 mA) 


Short Circuit Current i Isc 
(Vref = 0 V, Note 2) 


UNDERVOLTAGE LOCKOUT 


Reset Output Voitage y — _ 0.2 } 0.4 _— 0.2 0.4 “i Vv 
(Vref = +3.8 V) 
Reset Output Voltage | _ 2.4 48 — 2.4 4.8 _ Vv 
(Vre¢ = +4.8 V) | | 
OSCILLATOR SECTION (Note 7) 
Initial Accuracy (Ty = +25°C) _ = +3.0 +8.0 % 
+ 
Frequency Stability over Power Supply Range Afosc ; _ 0.5 1.0 % 
(*8.0V< Vcc < +35 V) AVcc 
——— a sie 
Frequency Stability over Temperature Mosc = 2.0 —_ % 
(ATY = Tlow to Thigh) ATy 
oo eee. 4 en ee ae = + + et 
Minimum Frequency | fmin = 0.5 - Hz 


(Rp = 150 kf, Cy = 20 pF) 


Maximum Frequency — kHz 
(Rr = 2.0 kN, C7 = 0.001 uF) 
es ee ree | 
Sawtooth Peak Voltage 3.5 Vv 
(Voc = +36 V) 
Sawtooth Valley Voltage 0.45 os | — vs 
(Voc = +8.0 V) 
ERROR AMPLIFIER SECTION (Note 8) 
Input Offset Voltage | vio = 20 | 50 _ 2.0 10 mv 
(Rg < 2.0 kn) I ae! Sees 
Input Bias Current NB — | -350 [-1000 {| — |-350 |-2000| na 
Input Offset Current ho = 35 100 ‘ 35 a 200 nA 
+ eee 
DC Open Loop Gain Avol 64 72 -- 60 72 _ dB 
(RL 2 10 MQ) 
—+ + 4 + -+-_— 
High Output Voltage VOH 3.6 4.2 — 3.6 4.2 — Vv 
(Vpin 1-VPin 2 2 +150 MV, Isource = 100 HA) 
Low Output Voltage VOL = 0.2 0.4 =i, oD 0.4 Vv 
VPin 2-VP; > +150 MV, loin, = 100 pA) 
(VPin 2-VPin 1 sink KM \ | 
Common Mode Rejection Ratio CMRR 70 94 — 70 94 — dB 
(Rg < 2.0kn) 
Power Supply Rejection Ratio PSRR 66 66 80 — dB 
(412 V< Vcc < +18 V) 
Notes: 


5. Tlow = ~— 55°C for SG1526 
— 40°C for $G2526 
0°C for $G3526 
Thigh = + 150°C for SG1526/2526 
+ 125°C for SG3526 
6. !L = 0 mA unless otherwise noted. 
7. fose = 40 kHz (RT = 4.12 kf + 1%, 
CT = 0.01 uF +1%, Rp = 09) 
8.0V<Vcm < +5.2V 
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ELECTRICAL CHARACTERISTICS (Continued) 


Characteristic 


= 


Svarbol $G1526/2526 $G3526 nie 
14 Min ‘i Typ Max Min Typ Max 


PWM COMPARATOR SECTION (Note 7) 


Minimum Duty Cycle 
(Veompensation = +0.4 V) 


Maximum Duty Cycle 
(Veompensation = +3.6 V) 


DIGITAL PORTS (SYNC, SHUTDOWN, RESET) 


Output Voltage — High Logic Level 
(Isource = 40 uA) 


Output Voltage — Low Logic Level 
(Ilsink = 3.6 mA) 


Input Current — High Logic Level 
(Vip = +2.4 V) 


Input Current — Low Logic Level 
(Vit = +0.4 V) 


— 
CURRENT LIMIT COMPARATOR SECTION (Note 9) 
Sense Voltage Veance 90 | 100 | 110 80 100 
(Rg < 502) ae | 
Input Bias Current iB _ -3.0 -10 _ -3.0 


SOFT-START SECTION 


Error Clamp Voltage 
(Reset = +0.4 V) 


Coft-Start Charging Current 
(Reset = +2.4 V) 


OUTPUT DRIVERS 
(Each Output, Vc = +15 Vdc unless otherwise specified) 


Output High Level 
Isource = 20 mA 
lsource = 100 mA 


Output Low Level 
Isink =20 mA 
Isink =100mA 


VoL 


Collector Leakage, Vc = +40 V 


4 
{ IC(leak) 


Rise Time (Cy = 1000 pF) 


Fall Time (Cy = 1000 pF) 


Supply Current 


(Shutdown = +0.4 V, Vcec = +35 V, 
Ry = 4.12 kM) 


7. fose = 40 kHz (RT = 4.12 kL + 1%, 
CT = 0.01 pF +1%, Rp = 012) 


= 
s 
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TYPICAL CHARACTERISTICS 


FIGURE 1 — SG1526 REFERENCE STABILITY 
OVER TEMPERATURE 
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FIGURE 3 — ERROR AMPLIFIER OPEN LOOP 
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FIGURE § — UNDERVOLTAGE LOCKOUT 
CHARACTERISTIC 
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FIGURE 2 — REFERENCE VOLTAGE ASA 
FUNCTION SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT DRIVER SATURATION 
VOLTAGE AS A FUNCTION OF SINK CURRENT 
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Vc. SATURATION VOLTAGE (V) 
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FIGURE 7 — Vc SATURATION VOLTAGE ASA 
FUNCTION OF SINK CURRENT 
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FIGURE 9 — SG1526 ERROR AMPLIFIER 
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FIGURE 8 — SG1526 OSCILLATOR PERIOD 
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FIGURE 10 — $G1526 UNDERVOLTAGE LOCKOUT 
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FIGURE 11 — S$SG1526 PULSE PROCESSING LOGIC 


Sync 


PWM 


Metering 
F/F 


The metering FLIP-FLOP 1s an asynchronous 
data Jatch which suppresses high frequency 
oscillations by allowing only one PWM pulse 
per oscillator cycle 


Memory 


The memory FLIP-FLOP prevents double pul- 
sing in a push-pull configuration by remem- 
bering which output produced the fast pulse 
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APPLICATIONS INFORMATION 


FIGURE 12 — EXTENDING REFERENCE FIGURE 13 — ERROR AMPLIFIER CONNECTIONS 
GUTPUT CURRENT CAPABILITY 
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FIGURE 14 — OSCILLATOR CONNECTIONS FIGURE 15 — FOLDBACK CURRENT LIMITING 
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FIGURE 16 — S$G1526 SOFT-START CIRCUITRY FIGURE 17 — DRIVING VMOS POWER FETS 
Vref +12 V 


Undervoltage CSoft-Start 
Lockout ale 


The totem pole output drivers of the $G1526 
are ideaily suited for driving the input capaci- 
tance of power FETs at high speeds. 
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FIGURE 18 — HALF-BRIDGE FIGURE 19 — FLYBACK CONVERTER 
CONFIGURATION WITH CURRENT LIMITING 
+VO) 
Supply 


$G1526 


Gnd 8 


In the above circuit, current limiting is accom- 
plished by using the current limit comparator 
output to reset the soft-start Capacitor. 


FIGURE 20 — SINGLE-ENDED CONFIGURATION FIGURE 21 — PUSH-PULL CONFIGURATION 
+V Supply O Qi To +V Supply O 
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MOTOROLA 


= SEMICONDUCTOR xx 


TECHNICAL DATA 


Advance Information 


UNIVERSAL MICROPROCESSOR POWER SUPPLY/ 
CONTROLLER 


The TCA5600 is a versatile power supply control circuit for 


microprocessor based systems and mainly intended for auto- 
motive applications and battery powered instruments. To cover 
a wide range of applications, the device offers high circuit flexi- 
bility with minimum of external components. 


Functions included in this IC are a temperature compensated 


voltage reference, on chip dc/dc converter, programmable and 
remote controlled voltage regulator, fixed 5.0 V supply voltage 
regulator with external PNP power device, undervoltage detection 
circuit, power-on RESET delay and watchdog feature for safe and 
hazard free microprocessor operations. 


6.0 to 30 V Operation Range 
2.5 V Reference Voltage Accessible for Other Tasks 


Fixed 5.0 V + 4% Microprocessor Supply Regulator Including 
Current Limitation, Overvoltage Protection and Undervoltage 
Monitor 


Programmable 6.0 to 30 V Voltage Regulator Exhibiting High 
Peak Current (150 mA), Current Limiting and Thermal Protection 


Two Remote Inputs to Select the Regulator’s Operation Mode: 
OFF, 5.0 V, 5.0 V Standby and Programmable Output Voltage 


Self Contained dc/dc Converter Fully Controlled By the Pro- 
grammable Regulator to Guarantee Safe Operation Under All 
Working Conditions 


Programmable Power-On RESET Delay 

Watchdog Select Input 

Negative Edge Triggered Watchdog !nput 

Low Current Consumption in the Vcc; Standby Mode 
All Digital Control Ports are TTL- and MOS-Compatible 


APPLICATIONS INCLUDE 


Microprocessor Systems with E2PROMs 
High Voltage Crystal and Plasma Displays 


Decentralized Power Supplies in Computer and Telecommuni- 
cation Systems 


RECOMMENDED OPERATION CONDITIONS 


Characteristic 


Power Supply Voltage 


Collector Current 
Output Voltage 
Reference Source Current 


This document contains information on a new product. Specifications and information herein are 


subject to change without notice. 


TCA5600 


TCF5600 


UNIVERSAL MICROPROCESSOR 
POWER SUPPLY CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


PLASTIC PACKAGE 
CASE 707 


PIN CONNECTIONS 


Vout2 Prog 


Vout2 Output 


Converter Converter 
Output Input 


(Top View) 


ORDERING INFORMATION 


Operating Junction 

Temperature Range Package 
TCA5S600 Oto +125°C Plastic DIP 
TCF5600 -40 to + 150°C Plastic DIP 
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MAXIMUM RATINGS (Ta, = + 25°C unless otherwise noted, Note 1) 


[Rating | embat_| 


Power Supply Voltage (Pin 3, 14) Vcc1. Vec2 
Base Drive Current {Pin 15) fig | 
Collector Current (Pin 10) 


Forward Rectifier Current (Pin 10-Pin 9) 


Logic Inputs INH1, INH2, WDS 
(Pin 6, 11, 18) 


Logic Input Current WDi (Pin 4) lwol 
Output Sink Current RESET (Pin 1) 


Analog Inputs (Pin 2) 
(Pin 7) 


Reference Source Current (Pin 5) 


-0.3 to 10 
-0.3 to 5.0 


Power Dissipation (Note 2) 
Ta = +75°C TCAS600 
Ta = +85°C TCF5600 | 


Thermal Resistance (Junction to Air) 


Operating Temperature Range 
TCA5600 
TCF5600 


Oto +75 
—40 to +85 


Operating Junction Temperature 
TCA5600 +125 
TCF5600 + 150 
Storage Temperature Range -—65 to +150 
NOTES: 


1. Values beyond which damage may occur. 
2. Derate at 10 mW/“C for junction temperature above + 75°C (TCA5600). 
Derate at 10 mW/C for junction temperature above + 85°C (TCF5600). 
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ELECTRICAL CHARACTERISTICS (Vcc1 = Vcc2 = 12V; Ty = 25°C: Iref = 0; loutt = 0 (Note 3); Rgc = 
“High”; INH2 = “High”; WDS = “High”; 


0.5 9; INH1 = 


lout2 = 0 (Note 4); if not otherwise specified) 


eects sure | Symbol [Min [Ty | Max | Uni | 


REFERENCE SECTION 
Nominal Reference Voltage 


Reference Voltage 
lref = 0.5 MA, Tiow = Ty = 
6.0 V =< Vcci = 18 V 


Line Regulation (6.0 V < Vcc2 < 18 V) } | Redline = 2.0 


Average Temrerature Coefficient 
Tiow < TJ < Thigh (Note 5) 


2.4 


Vref 
Thigh (Note 5), 


2 


AVret 
ATy 


RR 


Ripele eget Rave 60 70 


| 1 | Vretnom | 242 | 25 | 258 | 


Output impeiaie 
0 < lref = 2.0 MA 

Standby Current Consumption oak x Gam 
Vec2 = 

NOTES: 


Open 
3. The external PNP power transistor satisfies the following minimum specifications: 
hee 2 60 at Ic = 500 mA and VcE = 5.0 V; VCE(sat) < 300 MV at Ig = 10 mA and Ic = 
4. Regulator Vout2 programmed for nominal 24 V output by means of R4, R5 (see Figure 1) 
O°C for TCA5600; Tiow = —40°C for TCF5600. 
125°C for TCAS600; Thigh = 150°C for TCF5600. 


300 mA 


5.0 V MICROPROCESSOR VOLTAGE REGULATOR SECTION 


Nominal Output Voltage |__| Vouttinom) 48 so | s2 |v | 


Output Voltage 
5.0 MA < lout1 < 300 mA, Tiow < 
6.0 V < Vcc2 = 18V 


Ty < Thigh (Note 5) 


Load Regulation (5.0 mA < loyt1 = 300 mA) 


6.0 V, Vis = 4.0 V) 


Regioad 
IB 
RR 


Base Current Drive (Vcc2 = 


Ripple Rejection Ratio 
f = 1.0 kHz, Vsin 


Undervoltage Detection Level (Rgc = 5.0 12) 
5.0 9) 


50 


Current Limitation Threshold (Rgc = 


= BSE 210 


Average Temperature Coefficient 


Tiow < TJ <= Thigh (Note 5) a 
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PROGRAMMABLE VOLTAGE REGULATOR SECTION (Note 6) 


Nominal Output Voltage 


Vout2(nom) 
Output Voltage 


Vout2 22.8 
1.0 MA < lout2 <= 100 mA, Tiow < Ty < Thigh (Notes 5, 7) 
INH1 = “High” (Note 5) 


DC Output Current 
i Vout2(5.0v){ 4.75 = 
OFF State Output Impedance (INH2 = “Low’”) f | 


Peak Output Current (internally Limited) 
kQ 
Average Temperature Coefficient AVout2 +0.25 | mv/°C V 
Tiow = Ty < Thigh (Note 5) AT Vout2 


Ripple Rejection Ratio 
NOTES: 


f = 20 kHz, V 
Output Voitage {Fixed 5.0 V) 

6. Vg = 28 V,INH1 = “Low” for this Electrical Characteristic section uniess otherwise specified. 

7. Pulse tested tp <= 300 us 


1.0 mA < lout2 = 20 MA, Tlow < Ty € Thigh 


DC/DC CONVERTER SECTION 


Collector Current Detection Level “High” 9g V12(H) 350 400 450 
Rc = 10k “Low” Vi2(L) — 50 — 

Collector Saturation Voltage 10 VCE(sat) 1.6 Vv 
I¢ = 600 mA (Note 7) 

Rectifier Forward Voltage Drop 11 Ve 1.4 Vv 
IF = 600 mA (Note 7) 

WATCHDOG AND RESET CIRCUIT SECTION 


Threshold Voltage “High” 
(static) “Low” 


Current Source Tiow < TJ = Thigh (Note 5) 
Power-Up RESET 
Watchdog Time Out 
Watchdog RESET - 


Watchdog Input Voltage Swing Vwol _ ae +5.5 v 
Watchdog Input impedance Pt CP te ft = Te 
Watchdog Reset Pulse Width (CB = 1.0 nF) (Note 9) ee ee a ee ae us 


DIGITAL PORTS: WDS, INH 1, INH 2, RESET (Note 8) 


Vec1 
input HIGH Current uA 
2.0V < Viy <5.5V 100 
§.5V =< Vin <= Vcc1 150 


Input LOW Current 
-0.3V < Vi_ < 0.8 V for INH1, INH2, 
Vit < 0.4 V for WOS 


Leakage Current Immunity (INH2, High ’Z’’ State) 


Output LOW Voltage RESET (io, = 6.0 mA) P| 
Output HIGH Current RESET (Voy = 5.5 V) hay 


NOTES: 
8. Temperature range Tiow < TJ < Thigh applies to this Electrical Characteristics section. 
9. For test purposes, a negative pulse is applied to Pin 4(-2.5V = V4 2 -5.5V) 
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TYPICAL CHARACTERISTICS 


FIGURE 1 — REFERENCE VOLTAGE versus SUPPLY VOLTAGE 
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FIGURE 2 — REFERENCE STABILITY versus TEMPERATURE 
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FIGURE 3 — RIPPLE REJECTION versus FREQUENCY 
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FIGURE 4 — STAND-BY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 5 — POWER-UP BEHAVIOR OF THE 5.0 V REGULATOR 
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FIGURE 6 — FOLDBACK CHARACTERISTICS OF THE 5.0 V REGULATOR 
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FIGURE 7 — UNDERVOLTAGE LOCKOUT CHARACTERISTICS 
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FIGURE 8 — OUTPUT CURRENT CAPABILITY OF THE PROGRAMMING REGULATOR 


yY 
oo 


tO 
.— 


= 20 

ww 

2 

= 16 D242SP 
g 

> 12 © Voutl 
& 

B80 

= 


band 
co) 


o 


0 20 40 60 80 100 120 140 160 
lout2. OUTPUT CURRENT (mA) 


FIGURE 9 — COLLECTOR CURRENT DETECTION LEVEL 
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VCE {sat). SATURATION VOLTAGE (V) 


Ve, FORWARD VOLTAGE (V) 
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FIGURE 10 — POWER SWITCH CHARACTERISTICS 
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FIGURE 11 — RECTIFIER CHARACTERISTICS 
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APPLICATIONS INFORMATION 
(See Figure 18) 


1. VOLTAGE REFERENCE Vey 

The voltage reference Vref is based upon a highly 
stable bandgap voltage reference and is accessible on 
Pin 5 for additional tasks. This circuit part has its own 
supply connection on Pin 3 and is therefore able to 
operate in standby mode. The RC network R3, C6 im- 
proves the ripple rejection on both regulators. 


2. DC/DC CONVERTER 

The dc/de converter performs according to the fly 
back principle and does not need a time base circuit. 
The maximum coil current is well defined by means of 
the current sensing resistor R1 under all working con- 
ditions (start-up phase, circuit overload, wide supply 
voltage range and extreme load current change). Figure 
13 shows the simplified converter schematic: 


FIGURE 13 — SIMPLIFIED CONVERTER SCHEMATIC 


Vcc2 


A simplified method on “how to calculate the coil in- 
ductance”’ is given below. The operation point at min. 
supply voltage (Vccz) and max. output current (lout2) 
for a fixed output voltage (Voyt2) determines the coil 
data. Figure 14 shows the typical voltage and current 
wave forms on the coil L1 (coil losses neglected). 


The equations (1) and (2) yield the respective coil volt- 
age Vi — and V, + (see Figure 14): 


Vi+ = Vout2 + 4YV(Pin 9 - Pin 8) + VF - Voc!) 
Vi- = Voc2 - Vce(sat) — ¥12(H) (2) 


(AV(Pin 9 — Pin 8): input/output voltage drop of the 
regulator, 2.5 V typical) 


(VF, VcE(sat), Y12(H): see electrical characteristics) 


FIGURE 14 — VOLTAGE AND CURRENT WAVEFORM ON 
THE COIL (not to scale) 
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Vcc2 
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| 
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The time ratio a for the charging time to dumping time 
is defined by equation (3): 


iy ie ee a (3) 
tg Vi- 


The coil charging time t; is found using equation (4): 


See (4) 


1 
(1 + -)-f 
Qa 
(f : min. oscillation frequency which should be chosen 
above the audio frequency band (e.g. 20 kHz)) 
Knowing the dc output current Igyt2 of the programm- 


able regulator, the peak coil current IL (peak) can now 
be calculated: 


IL(peak) = 2° lout2: (1 + a) (5) 


The coil inductance L1 of the nonsaturated coil is given 
by equation (6): 


1s eee ae (6) 
IL(peak) 


The formula (6a) yields the current sensing resister R1 
for a defined peak coil current It (peak): 


R1 = V12(H) (6a) 
IL(peak) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-327 


TCA5600, TCF5600 


In order to limit the by-pass current through capacitor 
C7 during the energy dumping phase the value C2>>C7 
should be implemented. 


For all other operation conditions, the feedback signal 
from the programmable voltage regulator controls the 
activity of the converter. 


3. PROGRAMMABLE VOLTAGE REGULATOR 

This series voltage regulator is programmable by the 
voltage divider R4, R5 for a nominal output voltage 
6.0V < Voyt2 < 30 V. 


rq — Vout2 — Vref nom) «RS 
Vref nom (7) 
(R5 = 10k, Vref nom = 2.5 V) 


Current limitation and thermal shutdown capability are 
standard features of this regulator. The voltage drop 
AV(Pin 9 — Pin 8) across the series pass transistor gen- 
erates the feedback signal to control the de/dc converter 
(see Figure 13). 


4. CONTROL INPUTS INH1, INH2 

The de/dc converter and/or the regulator Vout2 are 
remote controllable through the TTL, MOS compatible 
inhibit inputs INH1 and INH2 where the latter is a 3-level 
detector (Logic ‘0’, high impedance ‘‘Z’’, Logic ‘’1”’). 
Both inputs are setup to provide the following truth 
table: 


FIGURE 15 — INH1, INH2 TRUTH TABLE 


(NT 


2 Vout2 | ON 
3 1 Vout2 INT 
4 0 OFF INT 
5 High “2 5.0 V ON 
6 1 5.0 V INT 
INT: — Intermittent operation of the converter means that the 


converter operates only if Vcc2<Vout2- 

ON: The converter loads the storage capacitor C2 to its full 
charge (Vg = 33 V), allowing fast response time of the 
regulator Vout2 when addressed by the control software. 

OFF. High impedance {internal resistor 10 k to ground) 


Figure 16 represents a typical timing diagram for an 
E2PROM programming sequence in a microprocessor 
based system. The high “2” state enables the dc/dc 
converter to ramp during t3 to the voltage Vg at Pin 9 
to a high level before the write cycle takes place in the 
memory. 


5. MICROPROCESSOR SUPLY REGULATOR 

Together with an external PNP power transistor (Q1), 
a 5.0 V supply exhibiting low voltage drop is obtained 
to power microprocessor systems and auxilliary cir- 
cuits. Using a power Darlington with adequate heat sink 
in the output stage boosts the output current Jouyty 
above 1 amp. 


FIGURE 16 — TYPICAL E2PROM PROGRAMMING 
SEQUENCE (not to scale) 


A 
Vg 


V9 max 


Vec2 


SSSSSSSSSseF/ ? 


f | | Programming | 


Vout2 | | Voltage Vpp | | 
5.0V I 1 | | I 


The current limitation circuit measures the emitter 
current of Q1 by means of the sensing resistor Rsc. 


V 
Rsc = sae (8) 


(IE: emitter current of Q1) 
(Vasc: threshold voitage (see electrical characteristics}) 


The voltage protection circuit performs a fold-back char- 
acteristic above a nominal operating voltage 
Vcc2 = 18 V. 


6. DELAY AND WATCHDOG CIRCUIT 

The under voltage monitor supervises the power sup- 
ply Vout1 and releases the delay circuit RESET as soon 
as the regulator output reaches the microprocessor op- 
erating range (e.g. VLOW = 0.93 - Voutt(nom)): The 
RESET output has an open-collector and may be con- 
nected in a “wired-OR” configuration. 

The watchdog circuit consists of a retriggerable 
monostable with a negative edge sensitive control input 
WDI. The watchdog feature may be disabled by means 
of the watchdog select input WDS driven toa “1”. Figure 
17 displays the typical RESET timing diagram. 

The commuted current source Ics on Pin 17, thresh- 
old voltage Vcsi Lj, VC5(H) and an external capacitor C5 
define the RESET delay and the watchdog timing. The 
relationship of the timing signals are indicated by the 
equations (9) to (11). 


gz C5: VC5{H) 
RESET delay: d ~ Tes! (9) 
C5+(V - Vosit)) 
Watchdog time- teq = 25H) ~ YCSiL)! 
out: we 5-Ic5 (10) 
A C5- (VC5(H) - Vc5it } 
Watchdog RESET: ° © 50 = IIcsi (11) 


‘Ics, Ve5(H) Ve5(L): see electrical characteristics.) 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-328 


TCA5600, TCF5600 


FIGURE 17 — TYPICAL RESET TIMING DIAGRAM 
(not to scale) 


Vec2 < Vout1 : 
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OVERLOAD * 
Vout! 
(a) 
Vcs 
——— 
RESET 
Ves 
WDI 
(b) 
RESET 
(a) Watchdog inhibited, WDS = “1” 
(b) Watchdog operational, WDS = “0” 
5 FIGURE 18 — TYPICAL AUTOMOTIVE APPLICATION 
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m= SEMICONDUCTOR eo TDA4601 
TECHNICAL DATA 


Advance Information 


FLYBACK CONVERTER 
CONTROL IC FOR LINE-ISOLATED FREE CONTROL CIRCUIT 


RUNNING FLYBACK CONVERTER 


SILICON MONOLITHIC 
The bipolar integrated circuit TDA4601 drives, regulates and INTEGRATED CIRCUIT 


monitors the switching transistor in a power supply based on the 
ringing choke flyback principle. 

Due to the wide regulating range and the high voltage stability 
during large load changes, SMPS for Hi-Fi equipment and active 
loudspeakers can be realized as well as applications in TV receiv- 
ers and video recorders. 

The TDA4601 is available in a 9-pin plastic medium power SIP 
package. The operating temperature range is ~ 15°C to + 85°C. 
Wide Operational Range 
High Voltage Stability Even at High Load Changes 
Direct Control of Switching Transistor 
Low Start-Up Current 
Linear Foldback of the Overload Characteristic 
Base Drive Proportional to the Current Through the Power PLASTIC 
Switching Transistor MEDIUM POWER 
@ Standby Mode 3.5 W into the External Load eo 
@ Inhibit Capability (TTL Compatible) 

@ Undervoltage Lockout 
For Application Details See ANE002 


PIN ASSIGNMENTS 


BLOCK DIAGRAM 


Reference 


Zero detection 


Feedback 
UVP) Vcc > 7.5V 
Sawtooth Gen. 
Base 


Current 
Amplifier 


Shut Down 
GND 
Sink Output 


Source Output 


Actual Output Current 


Vcc 


S 
n 
r= 
6 
i 
5 
Cc 
2 
° 
2 
3 
[-} 
” 
3 
& 
3 
te} 


Current 
Sink 


© “5 PS ates 

g 3 53 3 3 38 ORDERING INFORMATION 

3 3 ze 3 28 Temperature 

9 2 ao 4 3 Device Range Package 
N Wn 


TDA4601 — 18°C to + 85°C 


Plastic SIP 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS 
Rating 


Zero Crossing 


Control Amplifier 


Collector Current -2.0 to +5.0 
—2.0 to +3.0 


Junction Temperature 
Storage Temperature 


Thermal Resistance (Junction to Air) 


Range of Operation 
Supply Voltage 


Ambient Temperature 


START OPERATION Ta = 25°C 


Current Consumption (V1 Not Yet Switched) 
Vg = 3.0V 
Vg = 5.0 V 
Vg = 10V 


Turn-On Point for V4 


V4 Before Start-Up (Vg < 11.8 V) 
REGULATION MODE Vg = 15 V Ta = 25°C 
Current Consumption Vreg = -10V 

=0 


Reference Voltage 1; < 0.1 mA 
= 5.0mA 


4 
Reference Voltage Temperature Coefficient 


Vpin 4 Low Static Voltage 


Vpin 4 Regulation Peak Voltage 
'Pin 3 = 5.0 nA 
Ipin 3 = 1.3MA 


Full Fold Back Ipin 3 = 1.3MA 
Fold Back Ipin 3 = 0.5 mA 
Overload Decision Ipin 3 = 1.0 pA 
VPin 3 Regulation 


\Pin 3 Regulation 
IPin 3 Leakage at Vpjn 3 = 1.5 V 


VPin 7 Peak High 
Va = 0 V (Full Fold Back) 
= -10 V (Regulation) 
= —15 V (Standby) 


VPin 7 Peak Low 
=0V 

-10V 

-15V 


Vg 
ei. | 


ee 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Range of Operation 


REGULATION MODE (continued) Vg = 15 V Ta = 25°C 


IPin 7 Sink Peak 
VR = -15V 


Pin g Source Peak 
VR = -15V 


PROTECTIVE OPERATION Vg = 15 V Ta = 25°C 


| Symbot_|Fig.No.| Min | typ | Max | Unit_| 


I8 peak 1 
V2 1 


Current Consumption (V5 < 1.8 V) 


Turn-Off Voltage (V5 < 1.8 V) 


External Trigger Input 
Enable Voltage (Vreg = 0 V) 
Disabled Voltage (Vreg = 0 V) 


Supply Voltage Disabling Vg and V1 


VPin 5 Zener Voltage (Pin 5 Open) 


Pin 5 VPin5 = 3.0 V 
Vpin5 = OV 


Turn-On Time (Secondary Voltages) ton 

Voltage Change AV2 2 mV 
When S3 = Closed (AP3 = 19 W) _ 100 500 
When S2 = Closed (AP2 = 15 W) iL ~ 500 1000 

Standby Operation (Minimum Secondary Power: 3.0 Watts) AV2 2 _— Vv 
When S; = Open 

Switching Frequency During Standby Mode f 2 70 75 | — | kHz | 


Primary Power Consumption During Standby Mode 
The heatsink must be optimized, taking the maximum data 


(Ty, 99¢, Ta) into consideration 


uv 

z 

3 
iN) | 
| 
3S 
a 
< 
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CIRCUIT DESCRIPTION 


The TDA4601 regulates, controls and protects the 2. Activation of the internal reference voltage V1 = 4.0 


switching transistor in flyback converter power supplies 
at starting-up, normal, and overload operation. 


A. Start-Up Sequence 


V. This voltage is suddenly available when Vg 
reaches 12 V and enables all parts of the IC to be 
supplied from the control logic including thermal and 
overload protection. 


During start-up there are three consecutive 3. Activation of the control logic. As soon as the ref- 


operations: 


1. An internal reference voltage is created. It supplies 


erence voltage is available, the control is switched 
on through an additional stabilization circuit. 


the voltage regulator and enables the supply to the 


coupling electrolytic capacitor and the switching 


This start-up sequence is necessary for smoothly driv- 


transistor. For a supply voltage (Vg) of 12 V, the cur- ing the switching transistor through the coupling elec- 


rent is less than 3.2 mA. 


trolytic capacitor. 
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FIGURE 1 — TEST CONFIGURATION 


Vg 


B. Normal Operation 
Zero crossing detection is sensed on Pin 2 and linked 
to the control logic. 


The signal picked up on the feedback winding is 
applied, after filtering, to Pin 3 (used for input regulation 
and for overload protection). The regulating section 
works with an input voltage of about 2.0 V for normal 
regulation and a current of about 1.4 mA for foldback 
operation. Together with the collector current simula- 
tion Pin 4, the overload recognition defines the oper- 
ating region of the regulating amplifier depending on 
the internal reference voltage. The simulation of the 
collector current is generated by an external RC network 
at Pin 4 and an internally set voltage level. 

For a constant line voltage and for a given output 
power on the load (t on fixed) less than the maximum 
output power, a decrease of C4 produces an increase 
of the current sent to the base of the power switching 
transistor. So the foldback point is reached earlier. The 
regulation range starts from a 2.0 Vdc level which is the 
bottom of a sawtooth waveform; the maximum is lim- 
ited at 4.0 V (reference voltage). 

A secondary load of 19 W produces a switching fre- 
quency of about 50 kHz at an almost constant duty cycle 
(approximately 3). Furthermore, when the switchmode 
power supply delivers approximately 3.0 W, the switch- 
ing frequency jumps to about 70 kHz at a duty cycle of 
approximately 11. At the same time, the collector peak 
current falls below 1.0 A. 


FIGURE 2 — TEST DIAGRAM: NORMAL OPERATION 


Vv 
Vr 
|. 0.5 
0 HS 
-0.5 
V4 -10V 
Vg or 


oN B&B MWS" NY W 


The comparison of the output level of the regulating 
amplifier, the overload detection and the collector cur- 
rent simulation drives the control logic. An additional 
steering control and blocking possibility is offered thru 
Pin 5. When the voltage applied on Pin 5 falls below 
2.2 V then the source output (Pin 8) is blocked. 

The contro! logic is set according to the start-up cir- 
cuit, the zero crossing detection and the trigger ena- 
bling. This logic drives the base current amplifier and 
the base current shutdown. The base current amplifier 
drives the source output (Pin 8) proportionally to the 
sawtooth voltage (Pin 4). A current feedback is per- 
formed by an external shunt inserted between Pin 8 and 
the base of the switching power transistor. This resistor 
determines the maximum amplitude of the base current 
drive. 


C. Protective Features 

The base current shut-down, released by the control 
logic, clamps the sink output (Pin 7) at 1.6 V, turning off 
the switching transistor. This feature will be released if 
the voltage on Pin 9 is less than 7.4 V, or if the applied 
voltage on Pin 5 is less than 2.2 V. In case of a short 
circuit of the secondary windings, the TDA4601 contin- 
uously monitors the fault condition. 

In standby operation the circuit is set to a high duty 
cycle. The total power consumption of the power supply 
is held beiow 6.0 to 10 W. 
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FIGURE 3 — FREQUENCY versus OUTPUT POWER 
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FIGURE 5 — OUTPUT VOLTAGE (V2) versus OUTPUT 
CURRENT (Iga) 
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FIGURE 4 — EFFICIENCY versus OUTPUT POWER 


2 oe 
irae el ie 
‘5 rae Sta 
fia 
60 


ee ae 
eee ie a ia HA ae Lh 


0 20 40 60 80 
OUTPUT POWER (W) 


FIGURE 6 — OUTPUT VOLTAGE (V2) 
versus LINE VOLTAGE 
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TEST CIRCUIT AND TYPICAL APPLICATION (See Figure 7) 


This application circuit shown in Figure 2 represents 
a blocking converter for color TV sets with 30 W to 
120 W of output power and line voltages from 160 to 
270 V. 

In spite of regulation on the primary side, good volt- 
age stability of the various secondary voitages is 
achieved even with large load changes. 

For line voltage isolation and transformation to the 
desired secondary voltages, a transformer with ferrite 
core is used. 


SPECIAL FEATURES OF THE FLYBACK CONVERTER 
POWER, SUPPLY USING THE TDA4601 


@ Direct driving of the power switching transistor 


@ Low starting current, defined starting behavior also 
at slowly rising line voltage 


e@ Short circuit proof and open-loop resistant circuit. In 
both cases a power of only 6.0 to 10 W is consumed. 
Linear foldback characteristic at overload. 
Automatic restart after elimination of the overload. 


e Efficiency of more than 80% at an output power of 

40 to 100 W. 

Frequency of oscillation between 20 kHz (100 W) and 

70 kHz (without load). 

@ Simple RF1 suppression 

@ Good regulation of load current and line voltage var- 
iations. At a line voltage variation between 170 and 
240 V the output voltage of 150 V will change approx- 
imately 2.0 V. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-334 


TDA4601 


FIGURE 7 — TYPICAL APPLICATION 


1N4006 


V1=200V 
BY399 (30 mA) | 


1N4934 


MR856 V2 = 150 V | (400 mA) 


270 
Note: 
P is used to adjust the secondary voltage 
C2 must be discharged before IC change 
FIGURE 8 — ALTERNATIVE START-UP CIRCUIT 
A. Thermal Kick Starter B. Lossless Start-Up Pump 
500 2 at 25°C 
‘Naor { 20 kM at 50°C Bette 0.47 zF 400V —-1N4007 Sei. 
Powering Powering 
a= ae oo —) 


200 kQ 


Viine 
220 Vac 


Viine 
220 Vac ; 
1N400 


Note: For more application information refer to ANE002 
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TECHNICAL DATA 


SWITCHMODE 
PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


The TL494 is a fixed frequency, pulse width modulation control 
circuit designed primarily for Switchmode power supply control. 
This device features: 


@ Complete Pulse Width Modulation Control Circuitry 

®@ On-Chip Oscillator With Master Or Slave Operation 

On-Chip Error Amplifiers 

On-Chip 5 Volt Reference 

Adjustable Dead-Time Control 

Uncommitted Output Transistors Rated to 500 mA Source Or 
Sink 

Output Control For Push-Pull Or Single-Ended Operation 
Undervoltage Lockout 


Non-Inv 
Input 


inv 
input 


Compen/ 
PWM Comp 
Input 

Dead 

Time 
Control 


(top view) 


The TL494C is specified over the commercial operating range 
of 0°C to 70°C. The TL494I is specified over the industrial range 
of — 25°C to 85°C. The TL494M is specified over the full military 
range of — 55°C to 125°C. 


SWITCHMODE 
PULSE WIDTH MODULATION 
CONTROL CIRCUITS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648 


ORDERING INFORMATION 


Temperature 
Range Package 
TL494CN ’ .._ | Plastic DIP 
TL494CJ O° to +70°C | Ceramic DIP 
TL494IN ; _. | Plastic DIP 
TLasatJ — 25° to +85°C | Ceramic DIP 


TL494MJ — 55° to + 125°C | Ceramic DIP 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-336 


TL494 


FIGURE 1 — BLOCK DIAGRAM 
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FIGURE 2 — TIMING DIAGRAM 
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Description 


The TL494 is a fixed-frequency pulse width modula- 
tion contro! circuit, incorporating the primary building 
blocks required for the control of a switching power 
supply. (See Figure 1.) An internal-linear sawtooth oscil- 
lator is frequency-programmable by two external com- 
ponents, Rt and Cry. The approximate oscillator fre- 
quency is determined by: 


1.1 


fosc Rye Cy 


For more information refer to Figure 4. 


Output pulse width modulation is accomplished by 
comparison of the positive sawtooth waveform across 
capacitor Cr to either of two control signals. The NOR 
gates, which drive output transistors Q1 and Q2, are 
enabled only when the flip-flop clock-input line is in its 
low state. This happens only during that portion of time 
when the sawtooth voltage is greater than the control 
signals. Therefore, an increase in control-signal ampli- 
tude causes a corresponding linear decrease of output 
pulse width. (Refer to the timing diagram shown in Fig- 
ure 2.) 

The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier inputs, 
or the feedback input. The dead-time control compar- 
ator has an effective 120 mV input offset which limits 
the minimum output dead time to approximately the 
first 4% of the sawtooth-cycle time. This would result 
in a maximum duty cycle on a given output of 96% with 
the output control grounded, and 48% with it connected 
to the reference tine. Additional dead time may be im- 
posed on the output by setting the dead time-contro! 
input to a fixed voltage, ranging between 0 to 3.3 V. 


The pulse width modulator comparator provides a 
means for the error amplifiers to adjust the output pulse 
width from the maximum percent on-time, established 
by the dead time control input, down to zero, as the 
voltage at the feedback pin varies from 0.5 to 3.5 V. Both 
error amplifiers have acommon-mode input range from 
- 0.3 V to (Vcc - 2 V), and may be used to sense power- 
supply output voltage and current. The error-amplifier 
outputs are active high and are ORed together at the 
non-inverting input of the pulse-width modulator com- 
parator. With this configuration, the amplifier that de- 
mands minimum output on time, dominates control of 
the loop. 

When capacitor CT is discharged, a positive pulse is 
generated on the output of the dead-time comparator, 
which clocks the pulse-steering flip-flop and inhibits the 
output transistors, Q1 and Q2. With the output-control 
connected to the reference line, the pulse-steering flip- 
flop directs the modulated pulses to each of the two 
Output transistors alternately for push-pull operation. 
The output frequency is equal to half that of the oscil- 
lator. Output drive can also be taken from Q1 or Q2, 
when single-ended operation with a maximum on-time 
of less than 50% is required. This is desirable when the 
output transformer has a ringback winding with a catch 
diode used for snubbing. When higher output-drive cur- 
rents are required for single-ended operation, Q1 and 
Q2 may be connected in parallel, and the output-mode 
pin must be tied to ground to disable the flip-flop. The 
output frequency will now be equal to that of the 
oscillator. 

The TL494 has an internal 5 V reference capable of 
sourcing up to 10 mA of load current for external bias 
circuits. The reference has an internal accuracy of 
+5.0% with a typical thermal drift of less than 50 mV 
over an operating temperature range of 0 to 70°C. 


FIGURE 3 — FUNCTIONAL TABLE 


fout_ | 
Output Output Function fose | 
Control 
Grounded Single-ended P.W.M. at Q1 and Q2 1 
Push-pull operation 0.5 
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MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted) 


el 


Power Supply Voltage | a 42 42 Vv 
Collector Output Voltage fre ade 42 42 
Collector Output Current (each transistor) (1) f s00 500 500 
Amplifier Input Voltage Range —0.3 to 42 -—0.3 to 42 —0.3 to 42 Vv 
Power Dissipation (¢ Ta < 45°C 1000 1000 _t 1000 mw 
——++- 
Operating Junction Temperature 
Plastic Package 125 125 — °C 
Ceramic Package 150 150 150 °C 
——+ 
Operating Ambient Temperature Range Ta 0 to 70 — 25 to 85 —§5 to 125 °C 
Storage Temperature Range Tstg , °C 
Plastic Package —§5 to 125 ~ 55 to 125 _ ; 
Ceramic Package -— 65 to 150 — 65 to 150 - 65 to 150 
NOTE 1: Maximum thermal limits must be observed. 
THERMAL CHARACTERISTICS 
Characteristics Symbol N Suffix Plastic Package | J Suffix Ceramic Package 
Thermal Resistance, Junction to Ambient RJA 80 100 
+ 
Derating Ambient Temperature Ta 45 50 


RECOMMENDED OPERATING CONDITIONS 


Condition/Value Symbol 

Power Supply Voltage Voc 7.0 15 40 V 

| Collector Output Voitage Vc1. Vc2 — 30 40 Vv 
Collector Output Current (each transistor) Ic1. Ie2 _ 200 mA 
Amplifier Input Voltage Vin -0.3 = Vcc - 2.0 Vv 
Current Into Feedback Terminal Nb -- — 0.3 mA 
Reference Output Current lref — — 10 mA 
Timing Resistor RT 1.8 30 _t 500 kQ | 
Timing Capacitor CT 0.0047 0.001 10 wF 

| Oscillator Frequency | fosc 1.0 =aih 40 a 200 kHz 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Cy = 0.01 pF, RT = 12 k{2 unless otherwise noted.) 
For typical values Ta = 25°C, for min max values Ta is the operating ambient temperature range that applies unless otherwise 
noted. 


— 


Shevecucen Sentcl TL494C,I TL494M ita 
aracteristic ymbo ni 
—_ | min | tye | mex [ min | typ | Max | 
REFERENCE SECTION 
Reference Voltage Vref 4.75 5.0 §.25 4.75 5.0 5.25 Vv 
— (lg = 1.0 mA) | ! 1 J}os es Bee 
Line Regulation Redline ~ 2.0 25 _ 2.0 25 mV 
(Vcc = 7.0 V to 40 V) 4 | 
Load Regulation Regload _— 3.0 15 = 3.0 15 mV 
(lq = 1.0 mA to 10 mA) | 
-— mt | 
Short-Circuit Output Current Isc 15 35 75 16 35 75 mA 
(Vref = 0 V) uh 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V, CT = 0.01 pF, RT = 12 k{) unless otherwise noted.) 


For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise 


noted. 


Characteristic Symbol - 
Min I Typ 


OUTPUT SECTION 


Coltector Off-State Current 
(Vcc = 40 V, Vce = 40 V' 
Emitter Off-State Current 

(Vcc = 40 V, Vc = 40 V, Ve = OV) 


Common-Emitter 


Collector-Emitter Saturation Voltage (2) 


TL494C,| TL494M ; 
Unit 
Max Min L Typ Max 
- a — 
2.0 i 100 pA 


VSATIC) 


(VE = OV, Ic = 200 mA) | 4 { a 
Emitter-Follower VSATIE) 1.5 2.5 Vv 
(Vc = 15 V, Ie = — 200 mA) | i 
Output Contro! Pin Current lOCL — 10 _ nA 
Low State | 
(Voc = 0.4 V) + + + + zl S| 
High State | IOCH — 0.2 3.5 0.2 3.5 mA 
(Voc = Vref) if | | 
Output Voltage Rise Time if ty — 100 200 100 200 ns | 
Common-Emitter (See Figure 13) [ + 1 { 
Emitter-Follower (See Figure 14) - — 100 200 : 100 200 | ns 
Output Voltage Fall Time tf _— 25 100 25 100 ns 
Common-Emitter (See Figure 13) L - + + 
Emitter-Follower (See Figure 14) L Jj o-— | 40 100 , 40 | 100 I ns 
TL494 — 
Characteristic Symbol L hs Typ nase Unit 
ERROR AMPLIFIER SECTIONS 
T z TT 
Input Offset Voltage [ Vio aE 2.0 10 mV 
(Vo (Pin 3) = 2.5 V) | L | [ S| 
Input Offset Current ho — 5.0 250 nA 
(Vo (Pin 3) = 2:5 V) | | 
Input Bias Current iB _ -0.1 1.0 pA 
(VO (Pin 3) = 2:5 VI | | ig J 
Input Common-Mode Voltage Range VICR -0.3 to _ = Vv 
(Vcc = 40 V, Ta = 25°C) fs ja ¥oe= 2.0 | L | 
Open-Loop Voltage Gain AVOL 70 95 — dB 
(AVo = 3.0 V, Vo = 0.5 to 3.5 V, 
RL = 2.0 kQ) i. | | i | 
Unity-Gain Crossover Frequency fc _— 350 _ kHz 
(Vo = 0.5to3.5V, RL = 2.0 ki?) { | | 
Phase Margin at Unity-Gain Om = 65 _ deg. 
(Vo = 0.5 to 3.5 V, Rp = 2.0 kQ2) 
Common-Mode Rejection Ratio CMRR 65 30 be dB 
(Vcc = 40 V) Sti yo ——_—_— 
Power Supply Rejection Ratio PSRR — 100 = dB 
(AVcc = 33 V, Vo = 2.5 V, RL = 2.0 ki) ‘a 
Output Sink Current lo 03 0.7 = mA 
(Vo (Pin 3) = 9-7 V) oy | eal j 
Output Source Current lo? 2.0 4.0 = mA 
(Vo (Pin 3) = 3.5 V) L i i i 


NOTE 2: Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperatures as possible. 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Cy = 0.01 wF, Ry = 12 kO unless otherwise noted.) 
For typical values Ta = 25°C, for min/max values Ta, is the operating ambient temperature range that applies unless otherwise 
noted. 


Par TL494 
Pee ee 


PWM COMPARATOR SECTION (Test Circuit Figure 12) 


Input Threshold Voltage 
(Zero duty cycle) 


Input Sink Current 
(V(Pin 3) = 9.7 V) 


DEAD-TIME CONTROL SECTION (Test Circuit Figure 12) 
Input Bias Current (Pin 4) 
(Vpin 4) = 0 to 5.25 V) 


Maximum Duty Cycle, Each Output, Push-Pull Mode 
(Vpin 4 = OV, Cr = 0.01 uF, Rp = 12 kO) 
(VPin 4 = OV, Cy = 0.001 nF, Rt = 30 kN) 


Input Threshold Voltage (Pin 4) 
(Zero Duty Cycle) 
(Maximum Duty Cycle) 


OSCILLATOR SECTION 


Frequency 
(CT = 0.001 uF, Rp = 30 kQ) 


Standard Deviation of Frequency* 
(CT = 0.001 uF, RT = 30 kf?) 


Frequency Change with Voltage 
(Vcc = 7.0 V to 40 V, Ta = 25°C) 


Frequency Change with Temperature 
(ATA = Tlow to Thigh) 
(Cy = 0.01 uF, RT = 12 kQ) 


UNDERVOLTAGE LOCKOUT SECTION 


Turn-On Threshold (Vcc Increasing, lref = 1.0 mA) Vth | 55 | 64 | 70 | v | 


TOTAL DEVICE 


Standby Supply Current 
(Pin 6 at Vre¢, All Other Inputs and Outputs Open) 
(Vcc = 15 V) 
(Vcc = 40 V) 
Average Supply Current 


(Vipin 4) = 2.0 V) (See Figure 12) 
(CT = 0.01 wF, Rp = 12 kO, Vcc = 15 V) 


* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, ir 
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fosc. OSCILLATOR FREQUENCY (Hz) 


NT DEAD-TIME, EACH OUTPUT 


VcE(sat). SATURATION VOLTAGE {V) 


TL494 


FIGURE 4 — OSCILLATOR FREQUENCY FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE 
versus TIMING RESISTANCE versus FREQUENCY 


ASE (DEGREES) 


= 


Avot. OPEN-LOOP VOLTAGE GAIN (48) 


TS 
ies: 


500 HSS SSSsittie H 
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FIGURE 6 — PERCENT DEAD-TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus 
OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE 


CT = 0.01 pF 
RT = 10k) 
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Ry = 30k02 
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Ic, COLLECTOR CURRENT (mA) 
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FIGURE 10 — STANDBY SUPPLY CURRENT 
versus SUPPLY VOLTAGE 
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS 
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FIGURE 13 — COMMON-EMITTER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 
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FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL 
TEST CIRCUIT 
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES 
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT FIGURE 17 — SOFT-START CIRCUIT 
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FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND 
PUSH-PULL CONFIGURATIONS 
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FIGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUITS FIGURE 20 — OPERATION WITH Viy > 40 V USING 
EXTERNAL ZENER 


Veet 


Master 


1N975A 


Slave 
(Additional 
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FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER 


+Vin = 8.0 to 20V 


OC Vacg DT Cr RT Gnd £1 €E2 


All capacitors in pF 


L1—3.5mH@03A 

T1 — Primary: 20T C.T. #28 AWG 
Secondary: 120T C.T. #36 AWG 
Core: Ferroxcube 1408P-L00-3C8 


~ 3.0mV_ 0.06% 
[Shon Cireuit Gent | Vin = 20V.R= 01a «| Sharm 
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER 


+Vin = 10 to 40 V ae 1.0 mH @ 2A +Vo = 5.0V 
O © 
Ip = 1.0A 
50 + 
50 V 
+{ 50 
10V 


All capacitors in pF 


Short Circuit Current Vin = 12.6 V. RL = 0.1.0 | OmA—C—C=idY 
Efficiency Vin = 12.6 V. Ig = 200 mA 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-346 


MOTOROLA 
= SEMICONDUCTOR yyy 
TECHNICAL DATA 


PRECISION SWITCHMODE 


PULSE WIDTH MODULATION 
PRECISION SWITCHMODE CONTROL CIRCUIT 


PULSE WIDTH MODULATION 


CONTROL CIRCUIT SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


The TL594 is a fixed frequency, pulse width modulation control 
circuit designed primarily for Switchmode power supply control. 
This device features: 


®@ Complete Pulse Width Modulation Control Circuitry 

On-Chip Oscillator With Master Or Slave Operation 

On-Chip Error Amplifiers 

On-Chip 5 Volt Reference, 1.5% Accuracy 

Adjustable Dead-Time Control 

Uncommitted Output Transistors Rated to 500 mA Source Or Sink 
Output Control For Push-Puil Or Single-Ended Operation 


Undervoltage Lockout 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648 


(top view) 


ORDERING INFORMATION 


Temperature 
Range Package 


TLS94CN 0° to +70°C | Plastic DIP 
TL594MJ - 55° to + 125°C | Ceramic DIP 


The TL594C is specified over the commercial operating range 
of 0°C to 70°C. The TL594I is specified over the industrial range 
of — 25°C to 85°C. The TL594M is specified over the full military 
range of — 55°C to 125°C. 
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FIGURE 1 — BLOCK DIAGRAM 
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FIGURE 2 — TIMING DIAGRAM 
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Description 


The TL594 is a fixed-frequency pulse width modula- 
tion control circuit, incorporating the primary building 
blocks required for the control of a switching power 
supply. (See Figure 1.) An internal-tinear sawtooth oscil- 
lator is frequency-programmable by two external com- 
ponents, R7t and Cy. The approximate oscillator fre- 
quency is determined by: 


eRe: 
osc © RT @Cr 


For more information refer to Figure 4. 


Output pulse width modulation is accomplished by 
comparison of the positive sawtooth waveform across 
capacitor Cry to either of two control signals. The NOR 
gates, which drive output transistors Q1 and Q2, are 
enabled only when the flip-flop clock-input line is in its 
low state. This happens only during that portion of time 
when the sawtooth voltage is greater than the control 
signals. Therefore, an increase in control-signal ampli- 
tude causes a corresponding linear decrease of output 
pulse width. (Refer to the timing diagram shown in Fig- 
ure 2.) 

The control signals are external inputs that can be fed 
into the dead-time control, the error amplifier inputs, 
or the feedback input. The dead-time control compar- 
ator has an effective 120 mV input offset which hnaits 
the minimum output dead time to approximately the 
first 4°. of the sawtooth-cycle time. This would result 
In a@maximum duty cycle on a given output of 96°o with 
the output contro! grounded, and 48°o with it connected 
to the reference line. Additional dead time may be im- 
posed on the output by setting the dead time-control 
input to a fixed voltage, ranging between 0 to 3.3 V. 


The pulse width modulator comparator provides a 
means for the error amplifiers to adjust the output pulse 
width from the maximum percent on-time, established 
by the dead time control input, down to zero, as the 
voltage at the feedback pin varies from 0.5 to 3.5 V. Both 
error amplifiers have a common-mode input range from 
-0.3Vto (Vcc —2V), and may be used to sense power- 
supply output voltage and current. The error-amplifier 
Outputs are active high and are ORed together at the 
non-inverting input of the pulse-width modulator com- 
parator. With this configuration, the amplifier that de- 
mands minimum output on time, dominates control of 
the loop. 

When capacitor Cy is discharged, a positive pulse is 
generated on the output of the dead-time comparator, 
which clocks the pulse-steering flip-flop and inhibits the 
output transistors, Q1 and Q2. With the output-control 
connected to the reference line, the pulse-steering flip- 
flop directs the modulated pulses to each of the two 
Output transistors alternately for push-pull operation. 
The output frequency is equal to half that of the oscil- 
lator. Output drive can also be taken from Q1 or Q2, 
when single-ended operation with a maximum on-time 
of less than 50%. is required. This is desirable when the 
output transformer has a ringback winding with a catch 
diode used for snubbing. When higher output-drive cur- 
rents are required for single-ended operation, Q1 and 
Q2 may be connected in parallel, and the output-mode 
pin must be tied to ground to disable the flip-flop. The 
output frequency will now be equal to that of the 
oscillator. ; 

The TL594 has an internal 5.0 V reference capable of 
sourcing up to 10 mA of load current for external bias 
circuits. The reference has an internal accuracy of 
+1.5% with a typical thermal drift of less than 50 mV 
over an operating temperature range of 0 to 70°C. 


FIGURE 3 — FUNCTIONAL TABLE 


fout _ 
Output Output Function fosc 
Control 
Grounded Single-ended P.W.M. at Q1 and Q2 1 
At Vref Push-pull operation 0.5 
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MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted) 


Rating 


Power Supply Voltage 


Collector Output Voltage 42 | 42 42 Vv 
Collector Output Current (each transistor) (Note 1) 500 500 500 ‘fF mA 
Amplifier Input Voltage Range ~0.3 to 42 | - 0.3 to 42 -—0.3 to 42 Vv 


Power Dissipation (@ Ta < 45°C 1000 1000 1000 mw 
ee 4 
Operating Junction Temperature °C 
Plastic Package 125 — 
Ceramic Package — 150 
Operating Ambient Temperature Range 0 to 70 ~ 25 to 85 — 55 to 125 [ °C 
Storage Temperature Range °c 
Plastic Package -§5 to 125 — 55 to 125 _ 
Ceramic Package _ _— — 65 to 150 


NOTE 1: Maximum thermal limits must be observed. 


THERMAL CHARACTERISTICS 


N Suffix Plastic Package | J Suffix Ceramic Package | Unit 
Thermal Resistance, Junction to Ambient 100 °C/W 
Derating Ambient Temperature 50 | Cc 

RECOMMENDED OPERATING CONDITIONS 

Lies TL594 ] 
Condition/Value Symbol ; an Unit 
Min Typ Max 
Power Supply Voltage Vcc 7.0 15 40 
Collector Output Voltage Vcr. Vc2 30 40 Vv 


Collector Output Current (each transistor) 


Amplifier Input Voltage : Vcc ~ 2.0 V 
——— Soa Se Soy 

Current Into Feedback Terminal lfb _ _ 0.3 mA 

Reference Output Current | lref ~ _ 10 mA 


Timing Resistor RT 1.8 30 500 kQ 
anneal eee 
Timing Capacitor Cr 0.0047 0.001 10 pF 
—— + “- + 
Oscillator Frequency fosc 1.0 40 200 kHz 
7 + — + 4 
PWM Input Voltage (Pins 3, 4 & 13) | — 0.3 _ | 5.3 V 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, CT = 0.01 nF, RT - 12 k{2 unless otherwise noted.) 


For typical values Ta = 25°C, for min max values Tg is the operating ambient temperature range that applies unless otherwise 
noted. 


as TL594C,1 TL594M ine 
aracteristic T= ni 
hal Min Typ Max Min Typ Max 


REFERENCE SECTION 


Reference Voltage 
(ig = 1.0 mA, Ta = 25°C) 
(lo = 1.0 mA) 


Line Regulation Redline 
(Vcc = 7.0 V to 40 V) 


Load Regulation Regioad 
(lg = 1.0 mA to 10 mA) 


Short-Circuit Output Current 
(Vref = 0V) 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V, CT = 0.01 uF, Rt = 12 kM unless otherwise noted.) 


For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise 
noted. 


TLS594C,] TL594M 


Characteristic Symbol | min | Typ | Max | | min | Typ | Max | 


OUTPUT SECTION 
ee 

Collector Off-State Current IC(off) 
(Vcc = 40 V, VcE = 40 V) 
Emitter Off-State Current \E (off) 
(Vcc = 40 V, Vc = 40 V, Ve = OV) 


Collector-Emitter Saturation Voltage (Note 2) 
Common-Emitter 
(VE = OV, Ic = 200 mA) 


Emitter-Follower VSAT(E) 
(Vc = 15 V, I—E = - 200 mA) 
ee 


Output Control Pin Current locL 


Low State 
(Voc = 0.4 V) 
High State IOCH 
(Voc = Vref! 
Output Voltage Rise Time tr 


Common-Emitter (See Figure 14) 
Emitter-Follower (See Figure 15) 


Output Voitage Fall Time tt 
Common-Emitter (See Figure 14) 
Emitter-Follower (See Figure 15) 


TL594 
Characteristic Symbol 
Min typ [Max | 


ERROR AMPLIFIER SECTIONS 


Input Offset Voltage Vio — 2.0 10 mV 
(VO (Pin 3)_= 2-5 V) ie | 

Input Offset Current No _ 5.0 250 nA 
{Vo (Pin 3) = 2-5 V) 

Input Bias Current T=) _— -0.1 - 1.0 pA 
{Vo (Pin 3) = 2-5 V) | al 

Input Common-Mode Voltage Range VICR 0 to = _ Vv 
(Vcc = 40 V, Ta = 25°C) Vcc - 2.0 

Inverting Input Voltage Range VIR(INV) —0.3 to — _ Vv 


Open-Loop Voltage Gain 


AVOL 70 95 _ 
(AVQ = 6.0 V, Vg = 0.5 to 3.5 V, 
Ru = 2.0 kf) 


Unity-Gain Crossover Frequency fc —_ 700 —_ 
(Vo = 0.6 to 3.5 V, RL = 2.0 kY)) 


Phase Margin at Unity-Gain 
(Vo = 0.5 to 3.5 V, RL = 2.0 kf?) 


Common-Mode Rejection Ratio CMRR 65 90 — 
(Vcc = 40 V) 

Power Supply Rejection Ratio 100 _— 
(AVcc = 33 V, Vo = 2.5 V, RL = 2.0 kQ) 
(Vo (Pin 3) = 9.7 V) 
(VO (Pin 3) = 3.5 V) 


NOTE 2: Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible. 


° 
3 
| 
+ 
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a 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V, CT = 0.01 uF, Rt = 


TL594 


12 kQ unless otherwise noted.) 


For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise 


noted. 


Characteristic 
LL 


TL594 


Symbol oa) 
7] m Min 


Typ Max 


Unit 


PWM COMPARATOR SECTION (Test Circuit Figure 12) 


Input Threshold Voltage 
(Zero Duty Cycle) 


Input Sink Current 
(VPin 3 = 9.7 V) 


Input Bias Current (Pin 4) 
(VPin 4 = 0 to 5.25 V) 


DEAD-TIME CONTROL SECTION (Test Circuit Figure 12) 


'WB (DT) = 


2.0 - 10 


uA 


Maximum Duty Cycle, Each Output, Push-Pull Mode 
(Vpin a = OV, Cr = 0.01 pF, Rp = 12 kg) 
(VPin 4g = OV, Cy = 0.001 uF, Ry = 30 ko?) 


%o 


Input Threshold Voltage (Pin 4) 
(Zero Duty Cycle) 
(Maximum Duty Cycle) 


OSCILLATOR SECTION 


Frequency 
(Cy = 0.001 uF, Rp = 30 ki?) 
(Cr = 0.01 pF, Ry = 12k, Ta = 25C) 
(Cy = 0.01 wF, RT = 12k2. TA Tlow to Thigh) 


Hl 


fosc 


Standard Deviation of Frequency* 
(CT = 0.001 uF, Rt = 30 ks) 


Frequency Change with Voltage 
(Veco - 70Vto40V,Ta 25C) 


0.2 


Frequency Change with Temperature 


(ATA = Tlow tO Thigh) CT = 0.01 HF, RT 12 kid) 


UNDERVOLTAGE LOCKOUT SECTION 


= 
Turn-On Threshold (Vcc Increasing, lref 

Ta = 26°C 

Ta = Tow to Thigh 


1.0 mA) 


i= 


Vth 


Hysteresis 
TL594C,| 
TL594M 


| VH 


mV 


TOTAL DEVICE 


Standby Supply Current 
(Pin 6 at Vre¢, All Other Inputs and Outputs Open) 
(Vec - 15 V) 
(Vcc = 40 V) 


lec ; 


8.0 15 
8.5 | 18 


mA 


Average Supply Current 
(Vpin 4 = 2.0 V, Cp = 0.01 wF, RT = 12 kid, 
Vcc = 15 V, See Figure 12) 


*Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, «7 
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mA 
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FIGURE 4 — OSCILLATOR FREQUENCY 
versus TIMING RESISTANCE 
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FIGURE 6 — PERCENT DEAD-TIME versus 
OSCILLATOR FREQUENCY 
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FIGURE 8 — EMITTER FOLLOWER CONFIGURATION 
OUTPUT SATURATION VOLTAGE versus 
EMITTER CURRENT 


200 3 
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FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE 
versus FREQUENCY 


Vcc = 1§V 
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RL = 2.0 kn 
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FIGURE 7 — PERCENT DUTY CYCLE versus 
DEAD-TIME CONTROL VOLTAGE 


PERCENT DUTY CYCLE, EACH OUTPUT 
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FIGURE 9 — COMMON EMITTER CONFIGURATION 
OUTPUT SATURATION VOLTAGE versus 
COLLECTOR CURRENT 
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lec, SUPPLY CURRENT {mA) 


TL594 


FIGURE 10 — STANDBY SUPPLY CURRENT 
versus SUPPLY VOLTAGE 


FIGURE 11 —- UNDERVOLTAGE LOCKOUT THRESHOLDS 


versus REFERENCE LOAD CURRENT 


wR rw 
oo 2. 2 op 


— 
sa) 


0 5.0 10 15 20 25 30 35 40 
Vcc. SUPPLY VOLTAGE (V) 


FIGURE 12 — ERROR AMPLIFIER CHARACTERISTICS 
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FIGURE 14 — COMMON-EMITTER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 


16 Vv 


Vc 


Cy 
15 pF 


Each 
Output 
Transistor 


VtH. UNDERVOLTAGE LOCKOUT THRESHOLD {V} 
o 


> 
=) 


0 5.0 10 15 20 25 30 35 
l_, REFERENCE LOAD CURRENT (mA) 


FIGURE 13 — DEAD-TIME AND FEEDBACK CONTROL 
TEST CIRCUIT 
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FIGURE 15 — EMITTER-FOLLOWER CONFIGURATION 
TEST CIRCUIT AND WAVEFORM 
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FIGURE 16 — ERROR-AMPLIFIER SENSING TECHNIQUES 
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FIGURE 17 — DEAD-TIME CONTROL CIRCUIT FIGURE 18 — SOFT-START CIRCUIT 
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FIGURE 19 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND 
PUSH-PULL CONFIGURATIONS 
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FIGURE 20 — SLAVING TWO OR MORE CONTROL CIRCUITS FIGURE 21 — OPERATION WITH Vin > 40 V USING 
EXTERNAL ZENER 
Vref 


Master 


Slave 
(Additional 
Circuits) 


FIGURE 22 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER 


-Vin 8.0 to 20V 
Oo— 


1N4934 O2A 


T 35V 
OC Veep DT Cr Ry Gna €! ; 
1N4934 
240 
All capacitors in yk 
L1—~—3.5 mH O3A 
T1 — Primary: 20T C.T. #28 AWG 
Secondary: 120T C.T. #36 AWG 
Core: Ferroxcuoe 1408P-L00-3C8 
TEST CONDITIONS RESULTS 
Line Regulation Vin = 10 V to 40 V 14 MV 0.28% 
Es 4 
Load Regulation Vin = 28V.i90 ~- 1mMAtOo1A 3.0mV 0.06% 
Output Ripple if Vin = 28V, 19 = 1.0A 65 mV P-P_ P.A.R.D. | 
I Shor Circuit Current | Vin = 28V, RL = 0.10 \ 1.6 amps 
Efficiency Vin = 28V. 19 = 1A 71% 
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FIGURE 23 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER 


+Vin = 10 to 40V OAS Oea 


TIP 32A +Vo = 5.0V 
O O 
Igo = 10A 
50 Ee 
50 V 
+} 50 
10 V 


All capacitors in pF 


TEST 


Line Regulation 


[shor Greuit Covert | Vin= ev. = 010 | Sm 


Efficiency Vin = 12.6 V, IQ = 200 mA 


Load Regulation 
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TECHNICAL DATA 


THREE-TERMINAL POSITIVE VOLTAGE REGULATORS 


This family of precision fixed voltage regulators are monolithic 
integrated circuits capable of driving loads in excess of 1.5 am- 
peres. Innovative design concepts, coupled with advanced ther- 
mal layout techniques has resulted in improved accuracy and 
excellent load, line and thermal regulation characteristics. Internal 
current limiting, thermal shutdown and safe-area compensation 
are employed, making these devices extremely rugged and vir- 
tually immune to overload. 

@ +1% Output Voltage Tolerance @ 25°C 

@ +2% Output Voltage Tolerance Over Full Operating Temper- 
ature Range 

Internal Short-Circuit Current Limiting 

Internal Thermal Overload Protection 

Output Transistor Safe-Area Compensation 

No External Components Required 


Pinout Compatible with MC7800 Series 


EQUIVALENT SCHEMATIC DIAGRAM 


Nominal Output 
Voltage 


TL780 
Series 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


KC SUFFIX 
PLASTIC PACKAGE 
CASE 221A 


Pin 1. Input 
2. Ground 
3. Output 


(Heatsink surface connected to Pin 2.) 


STANDARD APPLICATION 


Output 


Co** 
0.22 uF 


Acommon ground is required between the 
input and the output voltages. The input volt- 
age must remain typically 2.0 V above the 
output voltage even during the low point on 
the input ripple voltage. 

XX = these two digits of the type number 
indicate voltage. 

* = Cjn is required if regulator is located 
an appreciable distance from power 
supply filter. 

** = Co is not needed for stability; how- 
ever, it does improve transient re- 
sponse. 


ORDERING INFORMATION 


5.0V TL780-05CKC 
12V TL780-12CKC 
15V TL780-15CKC 
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MAXIMUM RATINGS 


Input Voltage Vin 
Power Dissipation and Thermal Characteristics 
Ta = +25°C Pp 
Derate above Ta = +25°C TOA 
Thermal Resistance, Junction to Air UA 
To = +25°C Pp 15 Watts 
Derate above Tc = + 75°C (See Figure 1) 
Thermal Resistance, Junction to Case 
Operating Junction Temperature Range Oto +150 
Storage Temperature Range -65 to +150 
TL780-05C 
ELECTRICAL CHARACTERISTICS (Vj, = 10 V, 19 = 500 mA, O°C < Ty = +125 °C unless otherwise noted [Note 1]) 
| TL780-05¢ 
Characteristic | Symbol Min Typ Max Unit 
Output Voltage Vo | V 
5.0mMA<I9 < 1.0A,P< 15W | | 
7.0V <Vin <= 20V ! 
Ty = +25°C | 495 | 50 +» 5.05 
o°c < Ty = +125°C 1 4.90 — 5.10 
+ aaa + 
RES Regulation (Ty = + 25°C) . Regline | mV 
7.0V <= Vin = 25V | — 0.5 5.0 
is Se Nie ew ’ | a eo ce) ee | 
Load Regulation (Ty = ~ 25°C) Regioad | mV 
5.0mAs Ig = 15A : = 40 ; 25 
250 mA = Ig = 750 mA : — 1.5 ; 15 
- —+ + $ + 
Ripple Rejection . RR ; 70 80 —_ dB 
OV <Vin = 18V,f = 120H 
8.0 in 8 V, 2 ae 
Output Resistance (f = 1.0 kHz) | rO : = 0.0035 _— 0 
‘ + 7 { 
Average Temperature Coefficient of Output Voltage TCVO i _— 0.06 _— | mV C 
lo = 5.0 mA : 
i= + + + + -——— 
Output Noise Voitage (Ty = + 25°C) ; Vn ; _ 75 — yV 
10 Hz = f = 100 kHz i ! ; 
i + t + + + 
Dropout Voltage (Ty = ~ 25°C) -  Vin-Vo | — 2.0 — Vv 
lo = 1.0A 
r t + zi + 
Bias Current (Ty = + 25°C) ig | — 3.5 8.0 L mA 
t t - t 
Bias Current Change : Alg H mA 
7.0V < Vin = 25V, 19 = 500 mA _ 0.7 1.3 
5.0mA < 19 < 1.0A, Vin = 10 V : _ 0.03 0.5 
: ; T — + } 
Short-Circuit Output Current (Ty = ~ 25°C) : Isc — 200 — mA 
: | | 
Vin = 35 V a2 
Peak Output Current (Ty = + 25°C) | Ip — 2.2 | _ A 


Note 1: Line and load regulation are specified at constant junction temperature Changes in Vo due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 


TL780-12C 
ELECTRICAL CHARACTERISTICS (Vj, = 19 V, Iq = 500 mA, 0°C = Ty ~ ~ 125°C unless otherwise noted [Note 1]) 


TL780-12C 


Characteristic 


Output Voltage 
5.0mA<IQ9 <= 1.0A,P<15W 
14.5 V < Vin < 27V 


Ty = +25°C 
o°c < Ty = +125°C a; 
Line Regulation (Ty = + 25°C) Regline mV 
14.5 V < Vin < 30 a 1.2 12 
16V < Vin = 22 _ 1.2 12 
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TL780-12C (continued) 


ELECTRICAL CHARACTERISTICS (Vj, = 19 V, Io = 500 mA, 0°C < Ty 


+ 125°C unless otherwise noted [Note 1}) 


b 


= 


L TL780-12C 
| Characteristic Symbol | Min Typ Max Unit 
+ > ——1, 
Load Regulation (Ty = +25°C) Regload mV 
50mAs|IQ9 <1.5A — 6.5 60 
oo 250 mA = Ig = 750 mA =| —_ 2.5 ico 36 
Ripple Rejection RR 65 77 — dB 
| 15V < Vin = 25V,f = 120 Hz 
| Output Resistance (f = 1.0 kHz) ro | — 0.0035 a =] oD 
Average Temperature Coefficient of Output Voltage TCVO — 0.15 — mvV/PC 
lo = 5.0 mA 
Output Noise Voltage (Ty = +25°C) Vn — 180 — | BV 
10 Hz < f < 100 kHz L 
i +t a i 
Dropout Voltage (Ty = + 25°C) Vin-Vo — 2.0 _ Vv 
Ig = 1.0A | 
Cr + : ——+ 
Bias Current (Ty = + 25°C) | IB | — 3.5 i 8.0 mA 
Bias Current Change Alg mA 
14.5 V < Vin = 30 V, Ig = 500 mA a 0.4 1.3 
5.0mA 19 = 1.0A, Vin = 19 V yi _ 0.03 0.5 
t— — —— — 
Short-Circuit Output Current (Ty = + 25°C) Isc _ 200 _ mA 
Vin = 35V | me i _| Eaeeent) 
Peak Output Current (Ty = + 25°C) Ip =| _— 22 | _{ A 


Note 1: Line and load regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 


TL780-15C 


ELECTRICAL CHARACTERISTICS (Vj, = 23 V, Io = 500 mA, 0°C = Ty = ~ 125°C unless otherwise noted [Note 1}) 


oe 
| rsosc 
Characteristic Symbol Min Typ Max Unit 
Output Voltage Vo Vv 
5.0mA sig = 1.0A,P = 15 W 
17.5 V < Vin = 30V 
Ty = +25C 14.85 15 15.15 
( oC = Tye +125°C fe 14.70 — 15.30 
Line Regulation (Ty = + 25°C) ReQline mV 
17.5V < Vin = 30V — 1.5 15 
20V = Vin = 26V — 1.5 15 
r — + ad 
Load Regulation (Ty = +25) Reload mV 
50mA< ig = 15A — 7.0 75 
250 mA = Ig = 750 mA — 2.5 45 
an + — > a 
Ripple Rejection | RR 60 75 — dB 
18.5 V <= Vin = 28.5 V,f = 120 Hz | | 4 nite 
Output Resistance (f = 1.0 kHz) ro _— 0.0035 _ Q 
{ + 
Average Temperature Coefficient of Output Voltage TCVQ — 0.18 _ mvV°C 
lo = 5.0 mA | 
-— — a ma 
Output Noise Voltage (Ty = + 25°C) Vn _ 225 — uv 
10 Hz = f = 100 kHz 
ae ee 
Dropout Voltage (Ty = + 25°C) Vin-VO — 2.0 | — Vv 
| lo =10A | 
Bias Current (Ty = + 25°C) IB | 3.6 L 8.0 mA 
\ — —— 
Bias Current Change Alp mA 
17.5 V = Vin = 30 V, Io = 500 mA — 0.4 13 
5.0 mA <= 19 = 1.0A, Vin = 23 V _ 0.02 0.5 
Short-Circuit Output Current (Ty = + 25°C) Isc _— 200 _ mA 
Vin = 35V ion | L 
Peak Output Current (Ty = + 25°C) Ip _ 2.2 _ A 


bss 


Note 1: Line and load regulation are specified at constant junction temperature. Changes in VQ due to heating effects must be taken into account 


separately. Pulse testing with low duty cycle is used. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE REGULATOR PERFORMANCE 


The performance of a voltage regulator is specified by its 
immunity to changes in load, input voltage, power dissipation, 
and temperature. Line and load regulation are tested with a 
pulse of short duration (< 100 us) and are strictly a function 
of electrical gain. However, pulse widths of longer duration 
(> 1.0 ms) are sufficient to affect temperature gradients across 
the die. These temperature gradients can cause a change in 
the output voltage, in addition to changes caused by line and 
load regulation. Longer pulse widths and thermal gradients 
make it desirable to specify thermal regulation. 

Thermal regulation is defined as the change in output volt- 
age caused by a change in dissipated power for a specified 
time, and is expressed as a percentage output voltage change 


FIGURE 1 — LINE AND THERMAL REGULATION 
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=z 
3S 
— 
< 
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Pa 
ao 
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a 
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Vin. INPUT 
VOLTAGE (V} 


TL780-05C t, TIME (2.0 ms:div.) 
Vo = 5.0V 
Vin = 80V—> 18V—>80V © = Regline = 2.4 mV 


lout = 1.0A ® = ReGtherm = 0.0030%VQ/W 


FIGURE 3 — TEMPERATURE STABILITY 
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Ss 


1.000 


0.999 
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rQ, OUTPUT IMPEDANCE ({?) 


0.998 


0 25 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE {°C} 


per watt. The change in dissipated power can be caused by a 
change in either the input voltage or the load current. Thermal 
regulation is a function of I.C. layout and die attach techniques, 
and usually occurs within 10 ms of a change in power dissi- 
pation. After 10 ms, additional changes in the output voltage 
are due to the temperature coefficient of the device. 

Figure 1 shows the line and thermal regulation response of 
a typical TL780-O05C to a 10 watt input pulse. The variation of 
the output voltage due to line regulation is labeled © and the 
thermal regulation component is labeled @. Figure 2 shows 
the load and thermal regulation response of a typical TL780- 
OSC to a 15 watt load pulse. The output voltage variation due 
to load regulation is labeled © and the thermal regulation com- 
ponent is labeled 2. 


FIGURE 2 — LOAD AND THERMAL REGULATION 


VOLTAGE DEVIATION (V} 


(2.0 mV/div.) 


7L780-05C t, TIME (2.0 ms.div.) 


Vo = 5.0V 
Vin = 15 © = Regline = 4.4 mV 


lout = OA 15A—+0A © = Regtherm = 0.0020%VQ/W 


FIGURE 4 — OUTPUT IMPEDANCE 
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RR, RIPPLE REJECTION (dB) 


tg, BIAS CURRENT (mA) 
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DIFFERENTIAL (VOLTS) 
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FIGURE 5 — RIPPLE REJECTION versus FREQUENCY 


1.0 10 100 10k 10k 100k 10M 10M 100M 
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FIGURE 7 — BIAS CURRENT versus 
INPUT VOLTAGE 


Vin INPUT VOLTAGE (Vde} 


FIGURE 9 — DROPOUT VOLTAGE 


-7§5 -50 -25 0 25 50 75 100 126 
Ty, JUNCTION TEMPERATURE (°C) 
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FIGURE 6 — RIPPLE REJECTION versus 
OUTPUT CURRENT 
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FIGURE 8 — BIAS CURRENT versus 
OUTPUT CURRENT 
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FIGURE 10 — PEAK OUTPUT CURRENT 
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FIGURE 11 — LINE TRANSIENT RESPONSE FIGURE 12 — LOAD TRANSIENT RESPONSE 


DEVIATION (V) 


t, TIME (ys) 


Pp, POWER DISSIPATION (WATTS) 


2 
3 
= 
oe 
ise 
Tei 
a 


L Vg, OUTPUT VOLTAGE 


lout, OUTPUT 
CURRENT (A) 


1, TIME (us) 


FIGURE 13 — WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 
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TECHNICAL DATA 


UC3842A, 43A 


UC2842A, 43A 


Advance Information 


HIGH PERFORMANCE CURRENT MODE CONTROLLER 


The UC3842A, UC3843A series are high performance fixed fre- 
quency current mode controllers. They are specifically designed 
for Off-Line and DC-to-DC converter applications offering the 
designer a cost effective solution with minimal external compo- 
nents. These integrated circuits feature a trimmed oscillator for 
precise duty cycle control, a temperature compensated reference, 
high gain error amplifier, current sensing comparator, and a high 
current totem pole output ideally suited for driving a power 
MOSFET. 

Also included are protective features consisting of input and 
reference undervoltage lockouts each with hysteresis, cycle-by- 
cycle current limiting, programmable output deadtime, and a latch 
for single pulse metering. 

These devices are available in 8-pin dual-in-line ceramic and 
plastic packages as well as the 14-pin plastic surface mount 
(SO-14). The SO-14 package has separate power and ground 
pins for the totem pole output stage. 

The UCX842A has UVLO thresholds of 16 V (on) and 10 V (off), 
ideally suited for off-line converters. The UCX843A is tailored for 
iower voltage applications having UVLO thresholds of 8.5 V (on) 
and 7.6 V (off). 


@ Trimmed Oscillator Discharge Current for Precise Duty Cycle 


HIGH PERFORMANCE 
CURRENT MODE CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626 


1 


J SUFFIX 
CERAMIC PACKAGE 
CASE 693 


D SUFFIX 
PLASTIC PACKAGE 4 Ff 
CASE 751A a 
(SO-14) 1 
PIN CONNECTIONS 


Compensation 
Voltage Feedback [2] 


Control Current Sense 
Current Mode Operation to 500 kHz 

Automatic Feed Forward Compensation 

Latching PWM for Cycle-By-Cycle Current Limiting 
Internally Trimmed Reference with Undervoltage Lockout 


(Top View) 


Compensation [7] 
NC 
High Current Totem Pole Output Voltage Feedback 


Undervoltage Lockout with Hysteresis 


Low Start-Up and Operating Current Rurreat-Serise 


Direct Interface with Motorola SENSEFET Products 


[8] Power Ground 
(Top View) 
SIMPLIFIED BLOCK DIAGRAM 


Vec oO 7{12) 


ORDERING INFORMATION 


Temperature 
Device Range Package 


UC3842AD SO-14 Plastic DIP 

UC3843AD SO-14 Plastic DIP 
Oto +70°C 

UC3842AN Plastic DIP 


UC3843AN Plastic DIP 
UC2842AD 
UC2843AD 
UC2842AJ 

—25 to +85°C 
UC2843AJ 
UC2842AN. 


UC2843AN 


Undervoltage 
Lockout 


Viet 
Undervoltage 
Lockout 


Latching 
PWM 


Voltage 
Feedback 
Input 2(3) 


SO-14 Plastic DIP 


SO-14 Plastic DIP 


Ceramic DIP 


Ceramic DIP 


Plastic DIP 


Plastic DIP 


Error 


Output Amplifier 
Campensation O 


Gnd O 5i9) 


Pin numbers adjacent to terminals are for the 8-pin dual-in-line package. 
Pin numbers in parenthesis are for the D suffix SO-14 package. 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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UC3842A, UC3843A, UC2842A, UC2843A 


MAXIMUM RATING 


Rating Value ‘| Unit 
Total Power Supply and Zener Current 30 mA 
Output Current, Source or Sink (Note 1) lo 
Output Energy (Capacitive Load per Cycle) 
Current Sense and Voltage Feedback Inputs -0.3 to +5.5 Vv 
Error Amp Output Sink Current 10 mA_| 
Power Dissipation and Thermal Characteristics 
D Suffix, Plastic Package 
Maximum Power Dissipation @ Ta = 25°C Pp 862 mW 
Thermal Resistance Junction to Air ReJA 145 °C/W 
N Suffix, Plastic Package and 
J Suffix, Ceramic Package 
Maximum Power Dissipation @ Ta = 25°C Pp 1.25 Ww 
Thermal Resistance Junction to Air 100 °C/W 
Operating Junction Temperature +150 aie °C 
Operating Ambient Temperature TA °C 
UC3842A, UC3843A Oto +70 
UC2842A, UC2843A —25 to +85 
Storage Temperature Range -— 65 to +150 go 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V (Note 2], RT = 10k, CT = 3.3 nF, TA = Tlow to Thigh 


[Note 3] unless otherwise noted) 
UC284XA UC384XA 
Min | Typ | Max | 


REFERENCE SECTION 


Reference Output Voltage (IQ = 1.0 mA, Ty = 25°C) 
4.9 | 
== + 


Typ Max 

5.0 5.05 
Line Regulation (Vcc = 12 V to 25 V) |_Regiine | — | 20 | 20 | 
Ts | o2 | = | 
Total Output Variation over Line, Load, and Temperature Vref 

ls 
Long Term Stability (Ta = 125°C for 1000 Hours) 5.0 _ 


Output Short Circuit Current 
OSCILLATOR SECTION 


ie 
~ 30 —85 | - 180 


, 
Frequency fosc kHz 
Ty = 25°C 47 52 57 
Ta = Tlow to Thigh 46 _ 60 
Frequency Change with Voltage (Vcc = 12 V to 25 V) Afgsc/AV _ 0.2 1.0 % 
Frequency Change with Temperature Afosc/AT _ 5.0 _— % 
TA = Tlow to Thigh 
Oscillator Voltage Swing (Peak-to-Peak) Vosc = 1.6 | | 
Discharge Current (Vosc = 2.0 V) Idischg mA 
Ty = 25°C 7.5 8.4 7.5 8.4 9.3 
Ta = Tlow to Thigh 7.2 — 7.2 — 9.5 


Notes: 1. Maximum Package power dissipation limits must be observed. 
2. Adjust Vcc above the Start-Up threshold before setting to 15 V. 
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
Tlow = 0°C for UC3842A, UC3843A Thigh = + 70°C for UC3842A, UC3843A 
= - 25°C for UC2842A, UC2843A = +85°C for UC2842A, UC2843A 
4. This parameter is measured at the latch trip point with Veg = OV. 
AV Output/Compensation 


5. Comparator gain is defined as: Ay = “AV Current Sane Input 
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UC3842A, UC3843A, UC2842A, UC2843A 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V [Note 2], Rt = 10k, CT = 3.3 nF, Ta = Tlow to Thigh 
[Note 3] unless otherwise noted) 


[ UC284XA UC384XA 
Characteristic Symbol Min Typ i 


ERROR AMPLIFIER SECTION 

Voltage Feedback Input (Vo = 2.5 V) 

Input Bias Current (Veg = 2.7 V) 

Open-Loop Voltage Gain (Vo = 2.0 V to 4.0 V) 
Unity Gain Bandwidth (Ty = 25°C) 

Power Supply Rejection Ratio (Vcc = 12 V to 25 V) 


5; 


iH 


Output Current 
Sink (Vo = 1.1 V, Veg = 2.7 V) 
Source (Vo = 5.0 V, Veg = 2.3 V) 
Output Voltage Swing 
High State (RL = 15 k to ground, Veg = 2.3 V) 
Low State (RL = 15k to Vref, VERB = 2.7 V) 


CURRENT SENSE SECTION 
Current Sense Input Voltage Gain (Notes 4 & 5) 


— 


Maximum Current Sense Input Threshold (Note 4) 


Power Supply Rejection Ratio 
Vcc = 12 V to 25 V, Note 4 


Input Bias Current 


Propagation Delay (Current Sense Input to Output) 
OUTPUT SECTION 


Output Voltage 
Low State (Isink = 20 mA) 
(ISink = 200 mA) 
High State (IlSource = 20 mA) 
(IlSource = 200 mA) 


Output Voltage with UVLO Activated 
Vcc = 6.0 V, Isink = 1.0 mA 


Output Voltage Rise Time (CL = 1.0 nF, Ty = 25°C) 
Output Voltage Fall Time (CL = 1.0 nF, Ty = 25°C) 
UNDERVOLTAGE LOCKOUT SECTION 


Poetics 
Start-Up Threshold Vth 
UCX842A 15 
UCX843A 7.8 
Minimum Operating Voltage After Turn-On Vcec(min) 
UCX842A 9.0 
UCX843A | 7.0 
PWM SECTION 


Duty Cycle 
Maximum DCmax 94 
Minimum DCmin — 


TOTAL DEVICE 


| 
Power Supply Current lec 
Start-Up ma 
(Vcc = 6.5 V for UCX843A, 14 V for UCX842A) 
Operating (Note 2) , 
Power Supply Zener Voltage (Icc = 25 mA) Vz 30 
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UC3842A, UC3843A, UC2842A, UC2843A 


FIGURE 1 — TIMING RESISTOR versus 
OSCILLATOR FREQUENCY 
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FIGURE 3 — OSCILLATOR DISCHARGE CURRENT 
versus TEMPERATURE 
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FIGURE 5 — ERROR AMP SMALL SIGNAL 
TRANSIENT RESPONSE 
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FIGURE 2 — OUTPUT DEAD TIME versus 
OSCILLATOR FREQUENCY 
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FIGURE 4 — MAXIMUM OUTPUT DUTY CYCLE 
versus TIMING RESISTOR 
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FIGURE 6 — ERROR AMP LARGE SIGNAL 
TRANSIENT RESPONSE 
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UC3842A, UC3843A, UC2842A, UC2843A 


FIGURE 7 — ERROR AMP OPEN-LOOP GAIN AND FIGURE 8 — CURRENT SENSE INPUT THRESHOLD 
PHASE versus FREQUENCY versus ERROR AMP OUTPUT VOLTAGE 
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FIGURE 13 — OUTPUT SATURATION VOLTAGE 
versus LOAD CURRENT FIGURE 14 — OUTPUT WAVEFORM 


Source Saturation__ 
(Load to Ground) 


90% 


10% 


Sink Saturation 
(Load to Vcc} 


50 ns/DIV 


!o, OUTPUT LOAD CURRENT (mA) 


FIGURE 15 — OUTPUT CROSS CONDUCTION FIGURE 16 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
25 


20 V/DIV 


RT = 10k 
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Veg = 0V 

Current Sense = 0V 
Ta = 26°C 
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FIGURE 17 — REPRESENTATIVE BLOCK DIAGRAM 
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Pin numbers in parenthesis are for the D suffix SO-14 package. 


FIGURE 18 — TIMING DIAGRAM 
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Undervoltage Lockout 

Two undervoltage lockout comparators have been 
incorporated to guarantee that the IC is fully functional 
before the output stage is enabled. The positive power 
supply terminal (Vcc) and the reference output (Vref) 
are each monitored by separate comparators. Each has 
built-in hysteresis to prevent erratic output behavior as 


PLES LE 


Small Ry/Large Cy 


their respective thresholds are crossed. The Vcc com- 
parator upper and lower thresholds are 16 V/10 V for 
the UCX842A, and 8.4 V/7.6 V for the UCX843A. The 
Vref comparator upper and lower thresholds are 3.6 V/ 
3.4 V. The large hysteresis and low start-up current of 
the UCX842A makes it ideally suited in off-line converter 
applications where efficient bootstrap start-up tech- 
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niques are required (Figure 33). The UCX843A is 
intended for lower voltage DC to DC converter appli- 
cations. A 36 V zener is connected as a shunt regulator 
from Vcc to ground. its purpose is to protect the IC 
from excessive voltage that can occur during system 
start-up. The minimum operating voltage for the 
UCX842A is 11 V and 8.2 V for the UCX843A. 


Output 

These devices contain a single totem pole output 
stage that was specifically designed for direct drive of 
power MOSFET’s. It is capable of up to +1.0 A peak 
drive current and has a typical rise and fall time of 50 ns 
with a 1.0 nF load. Additional internal circuitry has been 
added to keep the Output in a sinking mode whenever 
an undervoltage lockout is active. This characteristic 
eliminates the need for an external pull-down resistor. 

The SO-14 surface mount package provides separate 
pins for Vc (output supply) and Power Ground. Proper 
implementation will significantly reduce the level of 
switching transient noise imposed on the control cir- 
cuitry. This becomes particularly useful when reducing 
the Ipk(max) clamp level. The separate Vc supply input 
allows the designer added flexibility in tailoring the 
drive voltage independent of Vcc. A zener clamp is 
typically connected to this input when driving power 
MOSFETs in systems where Vcc is greater than 20 V. 
Figure 25 shows proper power and control ground con- 
nections in a current sensing power MOSFET 
application. 


Reference. 

The 5.0 V bandgap reference is trimmed to + 1.0% 
tolerance at Ty = 25°C on the UC284XA, and + 2.0% on 
the UC384XA. Its primary purpose is to supply charging 
current to the oscillator timing capacitor. The reference 
has short circuit protection and is capable of providing 
in excess of 20 mA for powering additional control sys- 
tem circuitry. 


Design Considerations 

Do not attempt to construct the converter on wire- 
wrap or plug-in prototype boards. High frequency cir- 
cuit layout techniques are imperative to prevent pulse- 
width jitter. This is usually caused by excessive noise 
pick-up imposed on the Current Sense or Voltage Feed- 
back inputs. Noise immunity can be improved by low- 
ering circuit impedances at these points. The printed 
circuit layout should contain a ground plane with low- 
current signal and high-current switch and output 
grounds returning on separate paths back to the input 
filter capacitor. Ceramic bypass capacitors (0.1 uF) con- 
nected directly to Vcc, Vc, and Vref may be required 
depending upon circuit layout. This provides a low 
impedance path for filtering the high frequency noise. 
All high current loops should be kept as short as pos- 
sible using heavy copper runs to minimize radiated EMI. 
The Error Amp compensation circuitry and the con- 
verter output voltage divider should be located close to 
the IC and as far as possible from the power switch and 
other noise generating components. 


FIGURE 19 — CONTINUOUS CURRENT WAVEFORMS 
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Current mode converters can exhibit subharmonic 
oscillations when operating at a duty cycle greater than 
50% with continuous inductor current. This instability 
is independent of the regulators closed loop character- 
istics and is caused by the simultaneous operating con- 
ditions of fixed frequency and peak current detecting. 
Figure 19A shows the phenomenon graphically. At to, 
switch conduction begins, causing the inductor current 
to rise at a slope of m4. This slope is a function of the 
input voltage divided by the inductance. At t7, the Cur- 
rent Sense Input reaches the threshold established by 
the control voltage. This causes the switch to turn off 
and the current to decay at a slope of mg, until the next 
oscillator cycle. The unstable condition can be shown 
if a pertubation is added to the control voltage, resulting 
in asmail Al (dashed line). With a fixed oscillator period, 
the current decay time is reduced, and the minimum 
current at switch turn-on (tg) is increased by Al + Al 
mg/m1. The minimum current at the next cycle (t3) 
decreases to (Al + Al m2/m4) (m2/m}). This pertubation 
is multiplied by mg/m on each succeeding cycle, alter- 
nately increasing and decreasing the inductor current 
at switch turn-on. Several oscillator cycles may be 
required before the inductor current reaches zero caus- 
ing the process to commence again. If m2/m 1 is 
greather than 1, the converter will be unstable. Figure 
19B shows that by adding an artificial ramp that is syn- 
chronized with the PWM clock to the control voltage, 
the Al pertubation will decrease to zero on succeeding 
cycles. This compensating ramp (m3) must have a slope 
equal to or slightly greater than m92/2 for stability. With 
m9/2 slope compensation, the average inductor current 
follows the controi voltage yielding true current mode 
operation. The compensating ramp can be derived from 
the oscillator and added to either the Voltage Feedback 
or Current Sense inputs (Figure 32). 
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FIGURE 20 — EXTERNAL CLOCK SYNCHRONIZATION FIGURE 21 — EXTERNAL DUTY CYCLE CLAMP AND 
MULTI UNIT SYNCHRONIZATION 
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The diode clamp is required if the Sync amplitude is large 1.44 
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FIGURE 22 — ADUSTABLE REDUCTION OF CLAMP LEVEL FIGURE 23 — SOFT-START CIRCUIT 


R 
lr ') Where: 0+ Vclamp > 1.0V 
FIGURE 24 — ADJUSTABLE BUFFERED REDUCTION OF FIGURE 25 — CURRENT SENSING POWER MOSFET 
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FIGURE 26 — CURRENT WAVEFORM SPIKE SUPPRESSION 
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The addition of the RC filter will eliminate instability caused 
by the leading edge spike on the current waveform 


FIGURE 28 — BIPOLAR TRANSISTOR DRIVE 
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The totem-pole output can furnish negative base current for 
enhanced transistor turn-off, with the addition of capacitor Cy 


FIGURE 30 — LATCHED SHUTDOWN 


The MCR101 SCR must be selected for a holding of jess than 
0.5 mA at TAimin). The simple two transistor circuit can be 
used in place of the SCR as shown. All resistors are 10 k. 


UC2842A, UC2843A 


FIGURE 27 — MOSFET PARASITIC OSCILLATIONS 
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Series gate resistor Rg will damp any high frequency parasitic 
oscillations caused by the MOSFET input capacitance and any 
series wiring inductance in the gate-source circuit. 


FIGURE 29 — ISOLATED MOSFET DRIVE 


isolation 
Boundary 


VGs Waveforms 


"Fay Had 


50% DC 25% DC 
\ _ Vipin ye - 14 (Ne) 
pk = 3Rs Ns 


Comp/Latch 


Error Amp compensation circuit for stabilizing any current- 
mode topology except for boost and flyback converters 
Operating with continuous inductor current 
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Error Amp compensation circuit for stabilizing current-mode 
boost and flyback topologies operating with continuous 
inductor current 
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FIGURE 32 — SLOPE COMPENSATION 
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The buffered oscillator ramp can be resistively summed with either the voltage 
feedback or current sense inputs to provide slope compensation. 


FIGURE 33 — 27 WATT OFF-LINE FLYBACK REGULATOR 
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T1 — Primary: 45 Turns #26 AWG L1 — 15 zH at 5.0A, Coilcraft 27156. 
Secondary + 12 V: 9 Turns #30 AWG (2 strands) Bifiliar Wound L2, L3 — 25 wH at 1.0 A, Coilcraft 27157. 


Secondary 5.0 V: 4 Turns (six strands) #26 Hexfiliar Wound 
Secondary Feedback: 10 Turns #30 AWG (2 strands) Bifiliar Wound 
Core: Ferroxcube EC35-3C8 

Bobbin: Ferroxcube EC35PCB1 

Gap = 0.01” for a primary inductance of 1.0 mH 


Line Regulation: 5.0 V Vin = 95 to 130 Vac A = 50 mV or +0.5% 
+12V A = 24 mV or +0.1% 


Load Regulation: 5.0V_ | Vin = 115 Vac, lout = 1.0 Ato 4.0A A = 300 mV or +3.0% 
+12 V | Vin = 115 Vac, lout = 100 MA to 300 mA | A = 60 MV or +0.25% 


Output Ripple: 5.0 V Vin = 115 Vac 40 MVp-p 
+12V 80 MV5-5 


Efficiency Vin = 115 Vac 70% 


All outputs are at nominal load currents unless otherwise noted. 
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PIN FUNCTION DESCRIPTION 
Description 


This pin is the Error Amplifier output and is made available for loop 
compensation. 


This is the inverting input of the Error Amplifier. It is normally 
connected to the switching power supply output through a resistor 
divider. 


A voltage proportional to inductor current is connected to this input. 
The PWM uses this information to terminate the output switch 
conduction. 


The Oscillator frequency and maximum Output duty cycle are 
programmed by connecting resistor RT to Vref and capacitor CT to 
ground. Operation to 500 kHz is possible. 


This pin is the combined control circuitry and power ground (8-pin 
package only). 


This output directly drives the gate of a power MOSFET. Peak currents up to 
1.0 A are sourced and sunk by this pin. 


This pin is the positive supply of the control IC. 


This is the reference output. It provides charging current for capacitor 
Cy through resistor RT. 


This pin is a separate power ground return (14-pin package only) that 
is connected back to the power source. It is used to reduce the effects 
of switching transient noise on the control circuitry. 


The Output high state (VQH) is set by the voltage applied to this pin 
(14-pin package only). With a separate power source connection, it can 
reduce the effects of switching transient noise on the control circuitry. 


This pin is the control circuitry ground return (14-pin package only) and 
is connected back to the power source ground. 


No connection (14-pin package only). These pins are not internally 
connected. 
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OPERATING DESCRIPTION 

The UC3842A, UC3843A series are high performance, 
fixed frequency, current mode controllers. They are 
specifically designed for Off-Line and DC-to-DC con- 
verter applications offering the designer a cost effective 
solution with minimal external components. A repre- 
sentative block diagram is shown in Figure 17. 


Oscillator 

The oscillator frequency is programmed by the values 
selected for the timing components RT and Cy. Capac- 
itor C7 is charged from the 5.0 V reference through 
resistor Ry to approximately 2.8 V and discharged to 
1.2 V by an internal current sink. During the discharge 
of CT, the oscillator generates an internal blanking pulse 
that holds the center input of the NOR gate high. This 
causes the Output to be in a low state, thus producing 
acontrolled amount of output deadtime. Figure 1 shows 
RT versus Oscillator Frequency and Figure 2, Output 
Deadtime versus Frequency, both for given values of 
Cry. Note that many values of Rt and Cry will give the 
same oscillator frequency but only one combination will 
yield a specific output deadtime at a given frequency. 
The oscillator thresholds are temperature compen- 
sated, and the discharge current is trimmed and guar- 
anteed to within +10% at Ty = 25°C. These internal 
circuit refinements minimize variations of oscillator fre- 
quency and maximum output duty cycle. The results 
are shown in Figures 3 and 4. 

In many noise sensitive applications it may be desir- 
able to frequency-lock the converter to an external sys- 
tem clock. This can be accomplished by applying a clock 
signal to the circuit shown in Figure 20. For reliable 
locking, the free-running oscillator frequency should be 
set about 10% less than the clock frequency. A method 
for multi unit synchronization is shown in Figure 21. By 
tailoring the clock waveform, accurate Output duty cycle 
clamping can be achieved. 


Error Amplifier 

A fully compensated Error Amplifier with access to 
the inverting input and output is provided. It features 
a typical DC voltage gain of 90 dB, and a unity gain 
bandwidth of 1.0 MHz with 57 degrees of phase mar- 
gin (Figure 7). The non-inverting input is internally 
biased at 2.5 V and is not pinned out. The converter 
output voltage is typically divided down and moni- 
tored by the inverting input. The maximum input bias 
current is — 2.0 wA which can cause an output voltage 
error that is equa! to the product of the input bias 
current and the equivalent input divider source 
resistance. 


The Error Amp Output (Pin 1) is provided for external 
loop compensation (Figure 31). The output voltage is 
offset by two diode drops (~1.4 V) and divided by three 
before it connects to the inverting input of the Current 
Sense Comparator. This guarantees that no drive pulses 
appear at the Output (Pin 6) when pin 1 is at its lowest 


state (VoL). This occurs when the power supply is oper- 
ating and the load is removed, or at the beginning of a 
soft-start interval (Figures 23, 24). The Error Amp min- 
imum feedback resistance is limited by the amplifier’s 
source current (0.5 mA) and the required output voltage 
(VOH) to reach the comparator’s 1.0 V clamp level: 


3.0 (1.0 V) + 1.4V 


0.5 mA = oeeon 


Rf(MIN) ~ 


Current Sense Comparator and PWM Latch 

The UC3842A, UC3843A operate as a current mode 
controller, whereby output switch conduction is ini- 
tiated by the oscillator and terminated when the peak 
inductor current reaches the threshold level estab- 
lished by the Error Amplifier Output/Compensation 
(Pin 1). Thus the error signal controls the peak induc- 
tor current on a cycle-by-cycle basis. The Current 
Sense Comparator PWM Latch configuration used 
ensures that only a single pulse appears at the Output 
during any given oscillator cycle. The inductor current 
is converted to a voltage by inserting the ground ref- 
erenced sense resistor Rs in series with the source of 
output switch Q1. This voltage is monitored by the 
Current Sense Input (Pin 3) and compared a level 
derived from the Error Amp Output. The peak inductor 
current under normal operating conditions is con- 
trolled by the voltage at pin 1 where: 


a V(Pin 1) = 1.4V 


'pk 3Rs 


Abnormal! operating conditions occur when the power 
supply output is overloaded or if output voltage sensing 
is lost. Under these conditions, the Current Sense Com- 
parator threshold will be internally clamped to 1.0 V. 
Therefore the maximum peak switch current is: 


_ 1.0V 
Ipk(max) = Rs 
When designing a high power switching regulator it 
becomes desirable to reduce the internal clamp voltage 
in order to keep the power dissipation of Rs to a rea- 
sonable level. A simple method to adjust this voltage 
is shown in Figure 22. The two external diodes are used 
to compensate the internal diodes yielding a constant 
clamp voltage over temperature. Erratic operation due 
to noise pickup can result if there is an excessive reduc- 
tion of the Ink(max) clamp voltage. 

A narrow spike on the leading edge of the current 
waveform can usually be observed and may cause the 
power supply to exhibit an instability when the output 
is lightly loaded. This spike is due to the power trans- 
former interwinding capacitance and output rectifier 
recovery time. The addition of an RC filter on the Current 
Sense Input with a time constant that approximates the 
spike duration will usually eliminate the instability; refer 
to Figure 26. 
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Advance Information HIGH PERFORMANCE 
CURRENT MODE CONTROLLER 


HIGH PERFORMANCE CURRENT MODE CONTROLLER SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

The UC3844, UC3845 series are high performance fixed fre- 
quency current mode controllers. They are specifically designed 
for Off-Line and DC-to-DC converter applications offering the 
designer a cost effective solution with minimal external compo- N SUFFIX 
nents. These integrated circuits feature an oscillator, a tempera- PLASTIC PACKAGE 
ture compensated reference, high gain error amplifier, current CASE 626 
sensing comparator, and a high current totem pole output ideally 
suited for driving a power MOSFET. 

Also included are protective features consisting of input and J SUFFIX 
reference undervoltage lockouts each with hysteresis, cycle-by- CERAMIC PACKAGE 
cycle current limiting, a latch for single pulse metering, and a flip- CASE 693 
flop which blanks the output off every other oscillator cycle, allow- 
ing output deadtimes to be programmed from 50% to 70%. 


1 


These devices are available in 8-pin dual-in-line ceramic and D SUFFIX 
plastic packages as well as the 14-pin plastic surface mount PLASTIC PACKAGE id EE 
(SO-14). The SO-14 package has separate power and ground CASE 751A 


pins for the totem pole output stage. (SO-14) 1 

The UCX844 has UVLO thresholds of 16 V (on) and 10 V (off), 
ideally suited for off-line converters. The UCX845 is tailored for 
lower voltage applications having UVLO thresholds of 8.5 V (on) PIN CONNECTIONS 
and 7.6 V (off). 


@ Current Mode Operation to 500 kHz Output Switching Compensation [7] 


Frequency Voltage Feedback [2] 
Output Deadtime Adjustable from 50% to 70% Current Sense [3] 


Automatic Feed Forward Compensation 
Latching PWM for Cycle-By-Cycle Current Limiting {Top View) 
Internally Trimmed Reference with Undervoltage Lockout 
High Current Totem Pole Output 

Input Undervoltage Lockout with Hysteresis 

Low Start-Up and Operating Current 

Direct Interface with Motorola SENSEFET Products 


Compensation 


[8] Power Ground 
SIMPLIFIED BLOCK DIAGRAM 


Undervoltage 
Lockout 


Vref 
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SO-14 Plastic DIP 
Plastic DIP 
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& 
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Voltage PWM 


Feedback 
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Output Amplifier 7 pa 
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Pin numbers adjacent to terminals are for the 8 pin dual-in-line package. 
Pin numbers in parenthesis are for the D suffix SO-14 package. 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
SENSEFET is a trademark of Motorola Inc. 


MOTOROLA LINEAR/INTERFACE DEVICES 


3-377 


UC3844, UC2844, UC3845, UC2845 


MAXIMUM RATING 
Rating 


Value |" Unit 


Total Power Supply and Zener Current (lec +12) 30 mA 
Output Current, Source or Sink (Note 1) 1.0 A 
Output Energy (Capacitive Load per Cycle) 5.0 pd 


Current Sense and Voltage Feedback Inputs -—0.3 to +5.5 Vv 


10 A | 


Error Amp Output Sink Current 


Power Dissipation and Thermal Characteristics 
D Suffix, Plastic Package 
Maximum Power Dissipation @ Ta 
Thermal Resistance Junction to Air 
N Suffix, Plastic Package and 
J Suffix, Ceramic Package 
Maximum Power Dissipation @ Ta = 25°C 
Thermal Resistance Junction to Air 


Operating Junction Temperature 
Operating Ambient Temperature 
UC3844, UC3845 


UC2844, UC2845 


Storage Temperature Range 


25°C 


+150 at 


0to +70 
—25 to +85 


—65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V [Note 2], RT = 10k, CT = 3.3nF, Ta = Tiow to Thigh 
[Note 3] unless otherwise noted) 


| Characteristic Symbol Min Typ Max Min Typ | Max | 


REFERENCE SECTION 
Reference Output Voltage (Ig = 1.0 mA, Ty = 25°C) 
Line Regulation (Vcc = 12 V to 25 V) 
[Load Regulation lg = 1.0 mA 20 mA) | Resioag | — 
| Temperature Stability | ts | 


| Total Output Variation over Line, Load, and Temperature 
Output Noise Voltage (f = 10 Hz to 10 kHz, Ty = 25°C) 
Long Term Stability (Ta = 125°C for 1000 Hours} 
OSCILLATOR SECTION 
Frequency 

Ty = 25°C 

TA = Tlow to Thigh 
Frequency Change with Temperature 

TA = Tlow to Thigh 


Oscillator Voltage Swing (Peak-to-Peak) 
Discharge Current (Vosc = 2.0 V, Ty = 25°C) 


Notes: 1. Maximum Package power dissipation limits must be observed. 
2. Adjust Vcc above the Start-Up threshold before setting to 15 V. 
3. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible. 
’ Tlow = 0°C for UC3844, UC3845 Thigh = + 70°C for UC3844, UC3845 
= —25°C for UC2844, UC2845 = +85°C for UC2844, UC2845 
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ELECTRICAL CHARACTERISTICS (Vcc = 15 V [Note 2], RT = 10k, CT = 3.3 nF, Ta = Tigw to Thigh 
{Note 3] unless otherwise noted) 


UC284X UC384X 
Characteristic Symbol Min Typ Max Min Typ | Max | 


ERROR AMPLIFIER SECTION 
Voltage Feedback Input (Vo = 2.5 V) 


| Input Bias Current (Veg = 2.7 V) 
Open-Loop Voltage Gain (Vo = 2.0 V to 4.0 V) 
[ Unity Gain Bandwidth (Ty = 25°C) 
Power Supply Rejection Ratio (Vcc = 


12 V to 25 V) 


Output Current 
Sink (Vo = 1.1 V, Veg = 2.7 V) 
Source (Vo = 5.0 V, VFB = 2.3 V) 
Output Voltage Swing 
High State (RL = 15k to ground, VrFg = 2.3 V) 
Low State (RL = 15 k to Vref, Veg = 2.7 V) 
CURRENT SENSE SECTION 


Current Sense Input Voltage Gain (Notes 4 & 5) 


ieee 
—_— 6.2 


Maximum Current Sense Input Threshold (Note 4) 


Power Supply Rejection Ratio 
Vcc = 12 V to 25 V (Note 4) 


Input Bias Current | — [-20] -10} pa | 
Propagation Delay (Current Sense input to Output) [tperuunouT)] — | 150 | 300 | — | 150 | 300 | ns | 


OUTPUT SECTION 


Output Voltage 
Low State (Isjnk = 20 mA) 
(Igink = 200 mA) 
High State (ISource = 20 mA) 
(IlSource = 200 mA) 12 


Output Voltage with UVLO Activated VOL(UVLO) 
Vec = 6.0 V, Isink = 1.0 mA 
Output Voltage Rise Time (CL = 1.0 nF, Ty = 25°C) 


Output Voltage Fall Time (Cy, = 1.0 nF, Ty = 25°C) 
UNDERVOLTAGE LOCKOUT SECTION 


Start-Up Threshold 


UCX844 
UCX845 


Minimum Operating Voltage After Turn-On 


UCX844 
UCX845 


PWM SECTION 


Duty Cycle 
Maximum 
Minimum 

TOTAL DEVICE 


Power Supply Current 
Start-Up 
(Vcc = 6.5 V for UCX845, 14 V for UCX844) 


Operating (Note 2) 


Power Supply Zener Voltage (Icc = 25 mA) | vz | 30 [ 36 | — {| 30 | 


Notes: 4. This parameter is measured at the latch trip point with Veg = 0 V. 
AV Output/Compensation 
AV Current Sense Input 


5. Comparator gain is defined as: Ay = 
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FIGURE 1 — TIMING RESISTOR versus 
OSCILLATOR FREQUENCY 
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FIGURE 3 — ERROR AMP SMALL SIGNAL 
TRANSIENT RESPONSE 
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FIGURE 5 — ERROR AMP OPEN-LOOP GAIN AND 
PHASE versus FREQUENCY 
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FIGURE 2 — OUTPUT DEAD TIME versus 
OSCILLATOR FREQUENCY 
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FIGURE 4 — ERROR AMP LARGE SIGNAL 
TRANSIENT RESPONSE 
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FIGURE 6 — CURRENT SENSE INPUT THRESHOLD 
versus ERROR AMP OUTPUT VOLTAGE 
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FIGURE 7 — REFERENCE VOLTAGE CHANGE FIGURE 8 — REFERENCE SHORT CIRCUIT CURRENT 
versus SOURCE CURRENT versus TEMPERATURE 
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FIGURE 9 — REFERENCE LOAD REGULATION FIGURE 10 — REFERENCE LINE REGULATION 
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FIGURE 11 — OUTPUT SATURATION VOLTAGE 


versus LOAD CURRENT FIGURE 12 — OUTPUT WAVEFORM 
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FIGURE 13 — OUTPUT CROSS CONDUCTION 
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FIGURE 14 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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PIN FUNCTION DESCRIPTION 
Description 


Compensation 


Voltage Feedback 


Current Sense 


Rq/CTy 


Vcc 


Vref 


Power Ground 


Vc 


This pin is the Error Amplifier output and is made available for loop 
compensation. 


This is the inverting input of the Error Amplifier. It is normally 
connected to the switching power supply output through a resistor 
divider. 


A voltage proportional to inductor current is connected to this input. 
The PWM uses this information to terminate the output switch 
conduction. 


The Oscillator frequency and maximum Output duty cycle are 
programmed by connecting resistor Rt to Vref and capacitor C7 to 
ground. Oscillator operation to 1.0 MHz is possible. 


This pin is the combined control circuitry and power ground (8-pin 
package only). 


This output directly drives the gate of a power MOSFET. Peak currents 
up to 1.0 A are sourced and sunk by this pin. The output switches at 
one-half the oscillator frequency. 


This pin is the positive supply of the control IC. 


This is the reference output. It provides charging current for capacitor 
Ct through resistor RT. 


This pin is a separate power ground return (14-pin package only) that 
is connected back to the power source. It is used to reduce the effects 
of switching transient noise on the control circuitry. 


The Output high state (VO) is set by the voltage applied to this pin 
(14-pin package only). With a separate power source connection, it can 
reduce the effects of switching transient noise on the control circuitry. 


This pin is the control circuitry ground return (14-pin package only) and 
is connected back to the power source ground. 


No connection (14-pin package only). These pins are not internally 
connected. 
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OPERATING DESCRIPTION 

The UC3844, UC3845 series are high performance, 
fixed frequency, current mode controllers. They are spe- 
cifically designed for Off-Line and DC-to-DC converter 
applications offering the designer a cost effective solu- 
tion with minimal external components. A representa- 
tive block diagram is shown in Figure 15. 


Oscillator 

The oscillator frequency is programmed by the values 
selected for the timing components RT and Cy. Capac- 
itor CT is charged from the 5.0 V reference through 
resistor Rt to approximately 2.8 V and discharged to 
1.2 V by an internal current sink. During the discharge 
of Cy, the oscillator generates an internal blanking pulse 
that holds the center input of the NOR gate high. This 
causes the Output to be in a fow state, thus producing 
a controlled amount of output deadtime. An internal 
flip-flop has been incorporated in the UCX844/5 which 
blanks the output off every other clock cycle by holding 
one of the inputs of the NOR gate high. This in com- 
bination with the C7 discharge period yields output 
deadtimes programmable from 50% to 70%. Figure 1 
shows RT versus Oscillator Frequency and Figure 2, 
Output Deadtime versus Frequency, both for given val- 
ues of CT. Note that many values of RT and CT will give 
the same oscillator frequency but only one combination 
will yield a specific output deadtime at a given 
frequency. 

In many noise sensitive applications it may be desir- 
able to frequency-lock the converter to an external sys- 
tem clock. This can be accomplished by applying a clock 
signal to the circuit shown in Figure 17. For reliable 
locking, the free-running oscillator frequency should be 
set about 10% less than the clock frequency. A method 
for multi unit synchronization is shown in Figure 18. By 
tailoring the clock waveform, accurate Output duty cycle 
clamping can be achieved to realize output deadtimes 
of greater than 70%. 


Error Amplifier 

A fully compensated Error Amplifier with access to 
the inverting input and output is provided. It features 
a typical DC voltage gain of 90 dB, and a unity gain 
bandwidth of 1.0 MHz with 57 degrees of phase mar- 
gin (Figure 5). The non-inverting input is internally 
biased at 2.5 V and is not pinned out. The converter 
output voltage is typically divided down and moni- 
tored by the inverting input. The maximum input bias 
current is — 2.0 nA which can cause an output voltage 
error that is equal to the product of the input bias 
current and the equivalent input divider source 
resistance. 

The Error Amp Output (Pin 1) is provided for external 
loop compensation (Figure 28). The output voltage is 
offset by two diode drops (~1.4 V) and divided by three 
before it connects to the inverting input of the Current 
Sense Comparator. This guarantees that no drive pulses 
appear at the Output (Pin 6) when Pin 1 is at its lowest 


state (Vo;). This occurs when the power supply is oper- 
ating and the load is removed, or at the beginning of a 
soft-start interval (Figures 20, 21). The Error Amp min- 
imum feedback resistance is limited by the amplifier's 
source current (0.5 mA) and the required output voltage 
(VO) to reach the comparator’s 1.0 V clamp level: 


3.0 (1.0 V) + 14V 


05 mA = 8800 0 


Re(MIN) ~ 


Current Sense Comparator and PWM Latch 

The UC3844, UC3845 operate as a current mode 
controller, whereby output switch conduction is ini- 
tiated by the oscillator and terminated when the peak 
inductor current reaches the threshold level estab- 
lished by the Error Amplifier Output/Compensation 
(Pin 1). Thus the error signal controls the peak induc- 
tor current on a cycle-by-cycle basis. The Current 
Sense Comparator PWM Latch configuration used 
ensures that only a single pulse appears at the Output 
during any given oscillator cycle. The inductor current 
is converted to a voltage by inserting the ground ref- 
erenced sense resistor Rg in series with the source of 
output switch Q1. This voltage is monitored by the 
Current Sense Input (Pin 3) and compared to a level 
derived from the Error Amp Output. The peak inductor 
current under normal operating conditions is con- 
trolled by the voltage at pin 1 where: 


V(Pin 1) — 1.4V 
3 Rs 


Abnormal operating conditions occur when the power 
supply output is overloaded or if output voltage sensing 
is lost. Under these conditions, the Current Sense Com- 
parator threshold will be internally clamped to 1.0 V. 
Therefore the maximum peak switch current is: 


When designing a high power switching regulator it 
becomes desirable to reduce the internal clamp voltage 
in order to keep the power dissipation of Rs to a rea- 
sonable level. A simple method to adjust this voltage 
is shown in Figure 19. The two external diodes are used 
to compensate the internal diodes yielding a constant 
clamp voltage over temperature. Erratic operation due 
to noise pickup can result if there is an excessive reduc- 
tion of the Ipnk(max) clamp voltage. 

A narrow spike on the leading edge of the current 
waveform can usually be observed and may cause the 
power supply to exhibit an instability when the output 
is lightly loaded. This spike is due to the power trans- 
former interwinding capacitance and output rectifier 
recovery time. The addition of an RC filter on the Current 
Sense Input with a time constant that approximates the 
spike duration will usually eliminate the instability; refer 
to Figure 23. 
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FIGURE 15 — REPRESENTATIVE BLOCK DIAGRAM 
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Pin numbers in parenthesis are for the D suffix SO-14 package. 


FIGURE 16 — TIMING DIAGRAM 
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Undervoltage Lockout 

Two undervoltage lockout comparators have been 
incorporated to guarantee that the IC is fully functional 
before the output stage is enabled. The positive power 
supply terminal (Vcc) and the reference output (Vref) 
are each monitored by separate comparators. Each has 
built-in hysteresis to prevent erratic output behavior as 
their respective thresholds are crossed. The Vcc com- 
parator upper and lower thresholds are 16 V/10 V for 
the UCX844, and 8.4 V/7.6 V for the UCX845. The Vref 
comparator upper and lower thresholds are 3.6 V/3.4 V. 
The large hysteresis and low start-up current of the 
UCX844 makes it ideally suited in off-line converter 
applications where efficient bootstrap start-up tech- 
niques are required (Figure 29). The UCX845 is intended 
for lower voltage DC-to-DC converter applications. A 36 
V zener is connected as a shunt regulator from Vcc to 
ground. Its purpose is to protect the iC from excessive 
voltage that can occur during system start-up. The min- 
imum operating voltage for the UCX844 is 11 V and 
8.2 V for the UCX845. 
Output 

These devices contain a single totem pole output 
stage that was specifically designed for direct drive of 
power MOSFET’s. It is capable of up to +1.0 A peak 
drive current and has a typical rise and fall time of 50 ns 
with a 1.0 nF load. Additional internal circuitry has been 
added to keep the Output in a sinking mode whenever 
an undervoltage lockout is active. This characteristic 
eliminates the need for an external pull-down resistor. 

The SO-14 surface mount package provides separate 
pins for Vc (output supply) and Power Ground. Proper 
implementation will significantly reduce the level of 
switching transient noise imposed on the control cir- 
cuitry. This becomes particularly useful when reducing 
the Ink(max) clamp level. The separate V¢ supply input 
allows the designer added flexibility in tailoring the 


FIGURE 17 — EXTERNAL CLOCK SYNCHRONIZATION 


External 
Sync 
Input 


The diode clamp is required if the Sync amplitude is large 
enough to cause the bottom side of C7 to go more than 
300 mV below ground. 


+ 2Rglc 


f= 
(Ra 


drive voltage independent of Vcc. A zener clamp is 
typically connected to this input when driving power 
MOSFETs in systems where Vcc is greater than 20 V. 
Figure 22 shows proper power and control ground con- 
nections in a current sensing power MOSFET 
application. 


Reference 

The 5.0 V bandgap reference is trimmed to +1.0% 
tolerance at Tj = 25°C on the UC284X, and +2.0% on 
the UC384X. Its primary purpose is to supply charging 
current to the oscillator timing capacitor. The reference 
has short circuit protection and is capable of providing 
in excess of 20 mA for powering additional control sys- 
tem circuitry. 


Design Considerations 

Do not attempt to construct the converter on wire- 
wrap or plug-in prototype boards. High frequency cir- 
cuit layout techniques are imperative to prevent pulse- 
width jitter. This is usually caused by excessive noise 
pick-up imposed on the Current Sense or Voltage Feed- 
back inputs. Noise immunity can be improved by low- 
ering circuit impedances at these points. The printed 
circuit layout should contain a ground plane with low- 
current signal and high-current switch and output 
grounds returning on separate paths back to the input 
filter capacitor. Ceramic bypass capacitors (0.1 F) con- 
nected directly to Vcc, Vc, and Vref may be required 
depending upon circuit layout. This provides a low 
impedance path for filtering the high frequency noise. 
All high current loops should be kept as short as pos- 
sible using heavy copper runs to minimize radiated EMI. 
The Error Amp compensation circuitry and the con- 
verter output voltage divider should be located close to 
the IC and as far as possible from the power switch and 
other noise generating components. 


FIGURE 18 — EXTERNAL DUTY CYCLE CLAMP AND 
MULTI UNIT SYNCHRONIZATION 
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FIGURE 20 — SOFT-START CIRCUIT 


FIGURE 19 — ADUSTABLE REDUCTION OF CLAMP LEVEL 


Veco OVin 


~ ¥Clamp 
Velamp = ——S-~ + 0.33 x 10-3 (@2,) 'pkimax) ~ "Re 
=~ +1 
(: Where: 0 = Vclamp = 1.0 V 


FIGURE 21 — ADJUSTABLE BUFFERED REDUCTION OF FIGURE 22 — CURRENT SENSING POWER MOSFET 


CLAMP LEVEL WITH SOFT-START 
vecO —OVin Vcc EO OVin 


Ref 
> SENSEFET 


Power Ground: 


Comp/Latch To Input Source 
Return 
—— dees S$ 
Control Circuitry Ground: ve 
To Pin (9) 
+ 1.67 _4_RyR \ ~ Clamo ; Rs _Ipk "DSion if: SENSEFET = MTP10N10M 
Vclamp = eV + 0.33 x 10-3 err pk(max) Rs Vpin 5 ~ 'DMion) + RS Rg = 200 
ot +1 > Veins = 
(F2 Where: 0 < Vclamp < 1.0V Then: Vpin 5 ~ 0.075 Ipk 
Virtually lossiess current sensing can be achieved with the implementation 


tSOFT-START = —In [: = Foe, ciR2. of a SENSEFET power switch. For proper operation during over current 
3VcLamPJ R1+R2 conditions, a reduction of the Ipk(max) clamp tevel must be implemented. 
Refer to Figures 19 and 21. 


FIGURE 23 — CURRENT WAVEFORM SPIKE SUPPRESSION 
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The addition of the RC filter will eliminate instability caused 
a1 by the leading edge spike on the current waveform. 
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FIGURE 24 — MOSFET PARASITIC OSCILLATIONS FIGURE 25 — BIPOLAR TRANSISTOR DRIVE 
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Removal 
Cy 


Comp/Latch 


Series gate resistor Rg will damp any high frequency parasitic 
oscillations caused by the MOSFET input capacitance and any 


The totem-pole output can furnish negative base current for 
series wiring inductance in the gate-source circuit. 


enhanced transistor turn-off, with the addition of capacitor Cy. 


FIGURE 26 — ISOLATED MOSFET DRIVE 


FIGURE 27 — LATCHED SHUTDOWN 
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The MCR101 SCR must be selected for a holding of less than 
0.5 mA at Taimin)- The simple two transistor circuit can be 
used in place of the SCR as shown. All resistors are 10 k. 


FIGURE 28 — ERROR AMPLIFIER COMPENSATION 


Rp >= 8.8k 


Error Amp compensation circuit for stabilizing any current- 
mode topology except for boost and flyback converters 
operating with continuous inductor current. 


Error Amp compensation circuit for stabilizing current-mode 


boost and flyback topologies operating with continuous 
inductor current. 
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FIGURE 29 — 27 WATT OFF-LINE FLYBACK REGULATOR 
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T1 — Primary: 45 Turns #26 AWG L1— 15 wH at 5.0 A, Coilcraft 27156. 
Secondary + 12 V: 9 Turns #30 AWG (2 strands) Bifiliar Wound L2, L3 — 25 wH at 1.0 A, Coiicraft Z7157. 


Secondary 5.0 V: 4 Turns (six strands) #26 Hexfitiar Wound 
Secondary Feedback: 10 Turns #30 AWG (2 strands) Bifiliar Wound 
Core: Ferroxcube EC35-3C8 

Bobbin: Ferroxcube EC35PCB1 

Gap: ~ 0.10" for a primary inductance of 1.0 mH 


Line Regulation: 5.0 V Vin = 95 to 130 Vac 50 mV or +0.5% 
+12V = 24 mV or +0.1% 

Load Regulation: 5.0 V Vin = 115 Vac, lout = 1.00A to 4.0A A = 300 mV or +3.0% 
+12V 1] Vin = 115 Vac, Ioyt = 100 MA to 300 mA | A = 60 mV or +0.25% 


i 
Il 


Output Ripple: 5.0 V Vin = 115 Vac 40 MVp-p 
+12V 80 MVp-p 
Vin = 115 Vac 


All outputs are at nominal load currents unless otherwise noted. 
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FIGURE 30 — STEP-UP CHARGE PUMP CONVERTER 


Connect to 
Pin 2 for 

closed loop 
operation. 


The capacitor’s equivalent series resistance must limit the Drive Output current to 1.0 A. 

An additional series resistor may be required when using tantalum or other low ESR capacitors. 
The converter’s output can provide excellent line and load regulation by connecting 

the R2/R1 resistor divider as shown. 


FIGURE 31 — VOLTAGE-INVERTING CHARGE PUMP CONVERTER 
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The capacitor’s equivalent series resistance must limit the Drive Output current to 10A. _ 
An additional series resistor may be required when using tantalum or other low ESR capacitors. 
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TECHNICAL DATA 


UNIVERSAL SWITCHING REGULATOR SUBSYSTEM 


The 2A78S40 is a monolithic-switching regulator subsystem, 
providing all active functions necessary for a switching regulator 
system. The device consists of a temperature Compensated volt- 
age reference, controlled-duty cycle oscillator with an active cur- 
rent limit circuit, comparator, high-current and high-voltage out- 
put switch, capable of 1.5 A and 40 V, pinned-out power diode 
and an uncommitted operational amplifier, which can be powered 
up or down independent of the IC supply. The switching output 
can drive external NPN or PNP transistors when voltages greater 
than 40 V, or currents in excess of 1.5 A, are required. Some of 
the features are wide-supply voltage range, low standby current, 
high efficiency and low drift. The ~A78S40 is available in com- 
mercial (0°C to + 70°C), automotive (— 40°C to + 85°C), and military 
(— 55°C to + 125°C) temperature ranges. 

Some of the applications include use in step-up, step-down, 
and inverting regulators, with extremely good results obtained in 
battery-operated systems. 


e@ Output Adjustable from 1.25 V to 40 V 

Peak Output Current of 1.5 A Without External Transistor 
80 dB Line and Load Regulation 

Operation from 2.5 V to 40 V Supply 


Low Standby Current Drain 
High Gain, High Output Current, Uncommitted Op Amp 


BLOCK DIAGRAM 


Driver Switch 
Sense Collector Collector 


Non-Inv Inv 
Input input 


Timing lok 


Gnd Capacitor Vcc 


1.25 V 
5 


fé] [5] [4 | 
Ref Inv Non-Inv Vcc Output 
Output = Input Input Op Amp 


Switch 
Emitter 


Diode Diode 
Anode Cathode 


(Bottom View) 


pA78S40 


UNIVERSAL 
SWITCHING REGULATOR 
SUBSYSTEM 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


D SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Diode 


Diode 
Anode 
Switch 

Emitter 


Timing 
Capacitor 
Non-Inverting 
Input 
Op Amp 
inverting 
Input 


Comparator 

Inverting 
Input 
Comparator 
Non-Inverting 
Input 


Reference 


(Top View) 


ORDERING INFORMATION 
a 


Temperature 
Device Range Package 
T 
pA78S40PC o°c to + 70°C a Plastic DIP 
p»A7BS40PV - 40°C to + 85°C |_ Plastic DIP 
“a af 
pA78S40DC Orc to +70°C _| Ceramic DIP 
pA78S40DM | -55°C to + 125°C | Ceramic DIP 
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MAXIMUM RATINGS 


Power Supply Voitage 


a ee 


pA78S40 


Op Amp Power Supply Voltage 


Voltage from Switch Emitters to Gnd 


Vcc 40 
Agee (Op Amp) 40 
(Comparator and Op Amp) 


Reference Output Current 
Voltage from Switch Collectors to Gnd 


Vv 
Vv 
Voltage from Switch Collectors to Emitter Vv 
Voltage from Power Diode to Gnd _ Vv 
Reverse-Power Diode Voltage VoR Vv 
-———— - =I 1 
Current through Power Switch Isw A 
| Cerrent through Power Diode Ip A 
J. 4 
Power Dissipation and Thermal 
Characteristics 
Plastic Package — Ta = + 25°C Pp mw 
Derate above + 25°C (Note 1) VReJa mW*°C 
Ceramic Package — Ta = 25°C Pp mW 
Derate above + 25°C (Note 1) nfs VRQJA mW°C 
|_ Storage Temperature Range Tstg °C | 
Operating Temperature Range TA °C 
uA78S40M —55 to +125 
uA78S40V —40 to +85 
| #A78S40C | Oto +70 
Notes: 
1. Tlow — 56°C for »A78S40DM Thigh = = +125°C for nA78S40DM 


— 40°C for zA78S40PV 
0°C for #A78S40DC and uA78S40PC 


now dl 


= +85°C for nA78S40PV 
= +70°C for zA78S40DC and pA78S40PC 


2. For supply voltages less than 30 V the maximum differential input voltage (Error Amp 


and Op Amp) is equal to the supply voltage. 


ELECTRICAL CHARACTERISTICS (Vcc = Vcc {OpAmp) 50V,Ta  Tigw to Thigh unless otherwise noted.) 
[ Characteristic Symbol Min Typ Max Unit 
GENERAL 
aed v + 
| Supply Voltage j Vcc 2.5 _— 40 V 
Supply Current (Op Amp Vcc Disconnected) : lec mA 
(Vcc = 5.0 V) ane 1.8 3.5 
= 40V | _ 2.3 5.0 
L (Vcc ) + + + { 
Supply Current (Op Amp Vcc Connected) lec mA 
(Vcc = 5.0 V) _ = 4.0 
(Vcc = 40 V) _ — 5.5 
REFERENCE 
= a. tr I ae eee es pe ee a 
Reference Voltage Vref 1.180 1.245 1.310 Vv 
(lref = 1.0 mA) 
2 ee ea oO ee eae al 
Reference Voltage Line Regulat’7n ReGline ~ 0.04 0.2 mVV 
L (3.0 V = Vcc = 40 V, lref = 1.0 mA, Ta = 25°C) 
Reference Voltage Load Regulation Regioad — 0.2 0.5 mV/mA 
(1.0 mA = lref = 10 MA, Ta = 25°C) | 
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pA78S40 


ELECTRICAL CHARACTERISTICS (Continued) (Vec = Vcc [Op Amp] = 5.0 V, Ta = Tlow to Thigh unless otherwise noted.) 


Characteristic 


bee ea ee ae 
OSCILLATOR 


Charging Current (Ta = 25°C) 
(Vec = 5.0 V) 
(Vcc = 40 V) 

Discharge Current (Ta = 25°C) 
(Vcc = 5.0 V) 
(Vcc = 40 V) 


Ichg 


Idis 


Oscillator Voltage Swing (Ta = 25°C} 
(Vcc = 5.0 V) 


Vosc 


Ratio of Charge/Discharge Time 


tchg’tdis 


CURRENT LIMIT 


Current-Limit Sense Voltage (Ta = 25°C) 
{Vcc — Vipk Sense) 


OUTPUT SWITCH 


f F 
Output Saturation Voltage 1 
(Isw = 1.0 A, Pin 15 tied to Pin 16) 


Vsat} 0.93 


Output Saturation Voltage 2 
(Isw = 1.0A, 145 = 50 mA) 


~ 


Vsat2 


Output Transistor Current Gain (Ta = 25°C) 
(Ic = 10A, Veg = 5.0 V) 


[ ohre | 


a ee 
Output Leakage Current (Ta = 25°C) 
(VcE = 40 V) 


POWER DIODE 
Forward Voltage Drop (Ip = 1.0 A) 
Diode Leakage Current (Ta = 25°C) (VprR = 40 V) 
COMPARATOR 
Input Offset Voltage (VcmM = VRef) 


i IC(off) 


| Power-Supply Rejection Ratio (Ta = 25°C) 


(3.0 V < Vcc (Op Amp) = 40 V) 
Output Source Current (Ta = 25°C) 
Output Sink Current (Ta = 25°C) 
Slew Rate (Ta = 25°C) 

Output Low Voltage (Ta = 25°C, IL = —5.0 mA) 

Output High Voltage (Ta = 25°C, lL = 50 mA) 


Input Bias Current (VcM = VRef) nA 
lupe Offset Current (Vom = VRef) No — 5.0 nA 
Common-Mode Voltage Range (Ta = 25°C) VICR | 0 | _ Vcc - 2.0 Vv 
Power-Supply Rejection Ratio (Ta = 25°C) PSRR 70 96 — L dB 
(3.0 = Vcc = 40 V) 1 i 1 _L 
OUTPUT OPERATIONAL AMPLIFIER 
Input Offset Voltage (Vcjy = 2.5 V) Vio — 4.0 | 16 | mV | 
{ Input Bias Current (VcMy = 2.5 V) iB i — i 30 200 nA 
Input Offset Current (Vc = 2.5 V) lo _ 5.0 a 75 nA 
Voltage Gain + (Ta = 25°C) AVOL + 25 | 250 — VimV 
| (Ru = 2.0 kf) to Gnd, 1.0 V < Vo < 2.5 V) | 
Voltage Gain — (Ta = 25°C) AVoL - 25° «| ~~ 260 = Vimv 4 
(RL = 2.0 kf. to Vcc (Op Amp), 1.0 V = Vg = 2.5 V) ih. 
Common-Mode Voltage Range (Ta = 25°C) | 
Common-Mode Rejection Ratio (Ta = 25°C) i 
(VcmM = 0 to 3.0 V) 
i— 


OB ets. 


VOL a = 
VOH Voc {Op Amp) 


- 3.0 
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FIGURE 1 — OUTPUT SWITCH ON/OFF TIME 
versus OSCILLATOR TIMING 
CAPACITOR 


lok(sense] 
in 10 = 


ton-off, OUTPUT SWITCH ON-OFF TIME (xs) 


Cy, OSCILLATOR TIMING CAPACITOR inFi 


FIGURE 3 — EMITTER-FOLLOWER CONFIGURATION 
OUTPUT SWITCH SATURATION VOLTAGE 
versus EMITTER CURRENT 


VCE {sat}. SATURATION VOLTAGE (VOLTS) 


lg. EMITTER CURRENT (AMPS: 


VcEisatl SATURATION VOLTAGE {VOLTS) 


Icc, SUPPLY CURRENT (mA) 
a 


FIGURE 2 — STANDBY SUPPLY CURRENT 
versus SUPPLY VOLTAGE 


3:2 


fe elas ir 
Cr = 0.001 pF 


lpk(sense) = VCC + 
in3 = Gnd 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — COMMON-EMITTER CONFIGURATION 
OUTPUT SWITCH SATURATION VOLTAGE 
versus COLLECTOR CURRENT 


ic. COLLECTOR CURRENT (AMPS 
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pA78S40 


FIGURE 5 — STEP-DOWN CONVERTER 


Cr lpk 
Oscitlator 


1.25 V 
Reference ee | 
ere 


Vout 
O 5.0 V/500 mA 

" 470 : 
Cc 

—_ *Use external rectifier - 2 

= to increase circuit efficiency = 
FIGURE 6 — STEP-UP CONVERTER 
9 Vout 
28 V/175 mA 


150 
*Use external rectifier Too 


=> to increase circuit efficiency = 
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1.25V 
mate 
[6 | 


pA78S40 


FIGURE 7 — INVERTING CONVERTER 


CT Ipk 
Oscillator 


FIGURE 8 — DESIGN FORMULA TABLE 


1N5822 


Vout 
~ 15 V/500 mA 


Calculation Step-Down Step-Up : inverting 
| sie 2 
ton Vout * VF Vout ~ Ve Vinimin) [ Vout > VE 
toff Vin(min) ~ Vsat ~ Vout Vinimin) — Vsat aes Vinimin} - Vsat 
{ton + toff) max ! | | 
| fmin | fmin { fmin 
Cry 4x10 Sto, i 4x10 5ton LL 4x10 Sto, 
lpk(switch) 2 loutimax) 2\ {ton : “off 1 (! +t 
out(max) loft out(max) tof 
Rsc 0.33 0.33 0.33 
| | 'pk(switch) Ipkiswitch) me Ipk(switch) 
Limin) Vindmin) —Ysat “Vout }, ( Yintenins - Vsat jt ( Vinteniny -Vsat |, 
{ : on(max) | : on(max) | , on(max) 
pk(switch) pk(switch) | pk(switch) =| 
Co Ipk(switch)(ton ~ toff) . 'out ton . lout ton 
8 Vripple(p-p) Vripple _t Vripple 


Vsat = Saturation voltage of the output switch. Vg = Forward voltage drop of the ringback rectifier 


The following power supply characteristics must be chosen: 
Vin — Nominal input voltage. If this voltage is not constant, then use Vin(max) for step-down and Vin(min) for step- 
up and inverting convertor. 


Vout — Desired output voltage, Voyt = 1.25 (1 + 2) for step-down and step-up; Vout = 


lout — Desired output current. 

fmin — Minimum desired output switching frequency at the selected values for Vij and io. 

Vripple(p-p) — Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased 
due to the capacitor’s equivatent series resistance and board layout. The ripple voltage should be 
kept to a low value since it will directly effect the line and joad regulation. 


See Application Note AN920R2 for further information. 
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1.25 R2 


- 1 for Inverting. 
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In Brief... 


With the expansion of electronics into more and more 
mechanical systems there comes an ever increasing 
demand for simple but intelligent circuits that can blend 
these two technologies together. In past years, the task 
of power/motor control was once the domain of discrete 
devices. But today, increasingly, this task is being per- 
formed by bipolar IC technology because of cost, size, 


and reliability constraints. Motorola offers integrated 
circuits designed to anticipate the requirements for both 
simple and sophisticated control systems, while pro- 
viding cost effective solutions to meet the application. 


Power/Motor 
Control Circuits 


Selector Guide 


Power Controliers...............6. 4-2 
Motor Controllers ................. 4-4 
Alphanumeric Listing ............... 4-8 
Data Sheets Sea eae nacaite wen eeeeene 49 


Power/Motor Control Circuits 


Power Controllers 


An assortment of battery and ac line-operated control ICs for specific applications is shown. They are designed to 
enhance system performance and reduce complexity in a wide variety of control applications. 


Zero Voltage Switches 


CA3079P/CA3059P 
TA = —40° to +85°C, Case 646 


This series is designed for thyristor control in a variety 
of ac power switching applications for ac input voltages 
of 24 V, 120 V, 208/230 V, and 227 V @ 50/60 Hz. Features 
include: 

© Limiter-Power Supply — Allows operation directly 
from an ac line. 

@ Differential On/Off Sensing Amplifier — Tests for 
condition of external sensors or input command sig- 
nals. Proportional control capability or hysteresis may 
be implemented. 

e@ Zero-Crossing Detector — Synchronizes the output 
pulses to the zero voltage point of the ac cycle. Elimi- 
nates RFI when used with resistive loads. 

@ Triac Drive — Supplies high-current pulses to the 
external power controlling thyristor. 

@ Protection Circuit (CA3059 only) — A built-in circuit 
may be actuated, if the sensor opens or shorts, to 
remove the drive circuit from the external triac. 

@ Inhibit Capability (CA3059 only) — Thyristor firing 
may be inhibited by the action of an internal diode gate. 

@ High Power DC Comparator Operation (CA3059 
only) — Operation in this mode is accomplished by con- 
necting Pin 7 to Pin 12 (thus overriding the action of the 
zero-crossing detector). 


CA3079 


—— 


AC 
Input O : 
Voltage DC Mode or 
400 Hz Input 
a 
Circuit 
= 


On Off 
Sensing 
Amp 


*NTC Sensor 


O O 
Inhibit External Trigger 


NOTE: Shaded Area Not Included With CA3079. 
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RL 


Zero Voltage Controller 
UAA1016B — Ta = —20° to +100°C, Case 626 


This device is designed to drive triacs with the Zero 
Voltage technique which allows RFI free power regu- 
lation of resistive loads. They provide the following 
features: 

@ Proportional Temperature Control Over an Adjusta- 
ble Band 

e@ Adjustable Burst Frequency (to Comply with 
Standards) 


@ Sensor Fail-Safe 


220 Vac 
ee ax ar = Pr, al: 


| 
{ 
| 


r pes 


ea 
Fi 


Comparator 


Puise Amplifier 


Sampling 
Full Wave 
Logic 


Sawtooth 
Generator 


@ No dc Current Component Through the Main Line (to 
Comply with Standards) 


@ Negative Output Current Pulses (Triacs Quadrants 2 
and 3) 


@ Direct ac Line Operation 
@ Low External Components Count 


Integrated Solenoid Driver 
MC3484S2,S4 — Tj = —40° to + 125°C, Case 314D MC3484 


The MC3484 is an integrated monolithic solenoid 
driver. Its typical function is to apply full battery voltage 
to fuel injector(s) for rapid current rise, in order to pro- 
duce positive injector opening. When load current 
reaches a preset level (4.0 A in MC3484S4 or 2.4 A in 
MC3484S2) the injector driver reduces the load current 
by a 4-to-1 ratio and operates as a constant current 
supply. This condition holds the injector open and re- 
duces system dissipation. + + = 


Vbat 

45Vto 24V 
(60 V Transient) 
Vin 
Injector 


High-Side Driver Switch 
MC3399T — Ty = —40° to + 150°C, Case 314D MC3399T 


The MC3399T is a High-Side Driver Switch that is 1 a 4 
designed to drive Joads from the positive side of the apes calad (2)- 
power supply. The output is controlled by a TTL com- 

Thermal 


patible Enable pin. In the ON state, the device exhibits Transient | 
very low saturation voltages for load currents in excess ge Soreiateh | 
of 750 mA. The device also protects the load from =12V 
positive- or negative-going high voltage transients by 
becoming an open circuit and isolating the transient for 
its duration from the load. 

The MC3399T is fabricated on a power BIMOS process = 
which combines the best features of Bipolar and MOS 
technologies. The mixed technology provides higher 
gain PNP output devices and results in Power Integrated 
Circuits with reduced quiescent current. 
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Power/Motor Control Circuits 


Motor Controllers 


This section contains integrated circuits designed for 
cost effective control of specific motor-families. Included 


Brushless DC Motor Controllers 


Advances in magnetic materials technology and inte- 
grated circuits have contributed to the unprecedented 
rise in popularity of brushless DC motors. Linear control 
ICs are making the many features and advantages of 
brushless motors available at a much more economical 
price. Motorola offers a family of monolithic integrated 


are controllers for brushless, dc servo, stepper, and uni- 
versal type motors. 


brushless DC motor controllers. These ICs provide a 
choice of control functions which allow many system 
features to be easily implemented at a fraction of the cost 
of discrete solutions. The following table summarizes and 
compares the features of Motorola’s brushless motor 
controllers. 


Features Summary For Motorola Brushless DC Motor Controllers 


Operating T 
Voltage Range ‘é Output g 3 
(Volts) > Drivers 55 7 
= /_-8l>_| 3 5 8 | 8s 5 e2leo a 
2s) esi2s) see $_|>83 1 £83 | Sle slEclerl..| Fs 
Seiss5\se| 288 $23) 282 / FER [Se/S8/ssiasles| 32 
Device Bi Ve |58\Eea\eS| Gua OSE| sed | OSE Mie 6|HolHa|ae) £2 
60°/300° Noniny 20 Pin 
MC33033P —| 10-30 x | x and |X| xX x x Gace Plastic 
120°/240° y [es (738) 
in 24 Pin 
Mc33034P60 | 10-40] 10-40; x | x | X |eov3007] x | x X | Plastic 
(724) 
MC33034P120| 10-40 x | x | xX }120%240° py Plastic 
y (724) 
24 Pin 


60°/300° 
MC33035P xX xX xX and 
120°/240° 


Plastic 
(724) 


x 
x 
zy o 
22 
x 
x | 
x 
x 
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MC33034P60,P120 — Ta = —40° to +85°C, Case 724 


MC33034DW60,DW120 — Ta = —40° to +85°C, 
Case 751E 


The MC33034 Series is a first-generation high perfor- 
mance brushless motor controller containing all of the 
active functions required to implement a full featured 
open-loop three or four phase motor control system. 
These devices consist of a rotor position decoder for 
proper commutation sequencing, a temperature com- 
pensated 6.25 V reference capable of supplying sensor 
power, frequency programmable sawtooth oscillator, a 
fully accessible error amplifier, pulse width modulator 
comparator, three open collector top drivers, and three 
high current totem pole bottom drivers ideally suited for 
driving power MOSFETs. Inputs are provided for speed 
control, forward/reverse, run enable, and dynamic brak- 
ing functions. Cycle-by-cycle current limiting, under- 
voltage lockout, and internal thermal shutdown protec- 
tion are also provided. 


MC33035P — Ta = —40° to +85°C, Case 724 
MC33035DW — Ta = —40° to +85°C, Case 751E 


The MC33035 is a second-generation high performance 
brushless DC motor controller which contains all of the 
active functions required to implement a full featured 
open-loop motor control system. While being pin- 
compatible with its MC33034 predecessor, the MC33035 
offers additional features at a lower price. The two addi- 
tional features provided by the MC33035 are a pin which 
allows the user to select 60°/300° or 120°/240° sensor elec- 
trical phasings, and access to both inverting and non- 
inverting inputs of the current sense comparator. The 
earlier devices had two part numbers which were needed 
to support the different sensor phasings, and the invert- 
ing input to the current sense comparator was internally 
grounded. All of the control and protection features of 
the MC33034 are also provided in the newer MC33035. 


MC33033P — Ta = —40° to +85°C, Case 738 
MC33033DW — Ta = —40° to +85°C, Case 751D 


The MC33033 is a lower cost second-generation brush- 
less DC motor controller which has evolved from the full 
featured MC33034 and MC33035 controllers. The 
MC33033 contains ail of the active functions needed to 
implement a low cost open-loop motor control system. 
This IC has all of the key control and protection functions 
of the two full featured devices with the following sec- 
ondary features deleted: separate drive-circuit supply 
and ground pins, the brake input, and the fault output 
signal. Like its MC33035 predecessor, the MC33033 has 
a control pin which allows the user to select 60°/300° or 
120°/240° sensor electrical phasings. 

Because of its low cost, the MC33033 can efficiently be 
used to control brush DC motors as well as brushless. A 
brush DC motor can be driven using two of the three 
drive output phases provided in the MC33033, while the 
Hall sensor input pins are selectively tied to VREF or 
ground. Other features such as forward/reverse, output 
enable, speed control, current limiting, undervoltage 
lockout and internal thermal shutdown remain functional 
in this operating mode. 


MC33034 


OUTPUT BUFFERS 


OUTPUT BUFFERS 


Fwr/Rev 
60°/120° 
Enable 
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OUTPUT BUFFERS 


Closed-Loop Brushless Motor Adapter MC33039 


vec 


MC33039P,D — Ta = —40° to +85°C, Case 626, 751 


The MC33039P,D is a high performance closed-loop 
speed control adapter specifically designed for use in 
brushless dc motor control systems. Implementation will 
allow precise speed regulation without the need for a 
magnetic or optical tachometer. These devices contain 
three input buffers each with hysteresis for noise immu- 
nity, three digital edge detectors, a programmable mono- 
stable, and an internal shunt regulator. Also included is 
an inverter output for use in systems that require con- 
version of sensor phasing. Although this device is pri- 
marily intended for use with the MC33033/34/35 brush- 
less motor controllers, it can be used cost effectively in 
many other closed-loop speed control applications. 


DC Servo Motor Controller/Driver 
MC33030P — Ta = —40° to +85°C, Case 648C 


A monolithic dc servo motor controller providing all 
active functions necessary for a complete closed loop 
system. This device consists of an on-chip op amp and 
window comparator with wide input common-mode 
range, drive and brake logic with direction memory, 
power H switch driver capable of 1.0 A, independently 
programmable over-current monitor and shutdown 
delay, and over-voltage monitor. This part is ideally 
suited for almost any servo positioning application that 
requires sensing of temperature, pressure, light, mag- 
netic flux, or any other means that can be converted to 
a voltage. 


Stepper Motor Drivers 


MC3479P —Ta = 0° to +70°C, Case 648C 
$AA1042,A —Ta = 0° to +70°C, Case 721 


Stepper Motor Drivers provide up to 500 mA of drive 
per coil for two phase 6.0 V to 24 V stepper motors. 
Control logic is provided to accept commands for clock- 
wise, counter clockwise and half or full step operation. 
The MC3479P has an added Output Impedance Control 
(OIC) and a Phase A drive state indicator (not available 
on SAA1042 devices). 


on 


To Rotor | 


Position < BO 
Sensors ! 


| 
[oc O 


MC33030P Motor 


vec Voc 


Error Amp at 


Feedback 
Position 


Over- 
Voltage 
Monitor 


Power 
H 
Switch 


Logic 
Window od 


Detector 


Programmable 
Over- 
Current 
Detector 
& Latch 


Direction 
Memory 


7 Y 
Reference 


Position 


Full/Half 
Step 


oc oO oc 


Phase A Bias/Set Gnd 
(MC3479P Only) 
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Universal Motor Speed Controllers 


TDA1085A Ta = 0° to +70°C, Case 648 TDA1085C Ta = ~—10° to + 120°C, Case 648 
This device contains all the necessary functions for Similar to TDA1085A, but designed for commercial 
the speed control of universal (ac/dc) motors in an open washing machine service. 


or closed loop configuration. Facility for defining the 
initial speed/time characteristic. The circuits provide a 
phase angle varied trigger pulse to the motor control 
triac. 

® Guaranteed Full Wave Triac Drive 

® Soft Start from Power-up 

@ On-Chip Frequency/Voltage Converter and Ramp 
Generator 

Current Limiting incorporated 

Direct Drive from ac Line 


TDA1085A 


+Vcc 
Shunt Regulator Voltage ; 
M 
Ballast Resistor \ Reg onitoring 
-Vec 


q 


Speed 
Detector 


A 
hes 
O 

O————_O-O———O O—O O O——O-—O-—_O 
# 8s 33 8 ees 2s § &§ &§ 3 
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: &@ ss 8 ze ge id 3 
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oO € « 9 o 3 8S 6 « € @ a 
= 3 e oS 5 > > 
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oe : sM BR REE 
a o 3 
3 > oOo 

oO 

c 

. 

Triac Phase Angle Controller 

TDA1185A 


TDA1185A Ta = 0° to +70°C, Case 646 


This device generates controlled triac triggering 
pulses and allows tacholess speed stabilization of uni- 


versal motors by an integrated positive feedback , {CI <H Foe 


function. 
Full-Wave 
@ Low Cost External Components Count Tv 
® Optimum Triac Firing (2nd and 3rd Quadrants) Tagger Pads } 
© Repetitive Trigger Pulses When Triac Current is Inter- Generator 7 


rupted by Motor Brush Bounce leq 


Triac Current Sensed to Allow Inductive Loads 
Soft Start 

Power Failure Detection and Generali Circuit Reset 
Low Power Consumption: 1.0 mA 


4 Monitoring 
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Device 


CA3059 
CA3079 
MC3399T 
MC3484S2,S4 
UAA1016B 
UAA2016 


Device 


MC33030 
MC33033 
MC33034 
MC33035 
MC33039 
MC3479P 
SAA1042,A 
TDA1085A 
TDA1085C 
TDA1185A 


POWER CONTROLLERS 


Function Page 
Zero. Voltage SWRCN! os. wieend Bi eae Me yas Baas Bwid hake MRSS 4-9 
Zero Voltage SWHCH 22. ilenerd sees ahaweaes se 4 polos teres Ka seedse 4-9 
High Side: Driver Switeh) «6.3.5.5. 0c6 a mks Mersae pa tie seh eiga Goatees See Chapter 10 
Integrated Solenoid Driver... 0.0.0.0... ccc eee ees See Chapter 10 
Zero: Voltage Controller :. acc ssa caves ees ei eet eeeon ease ear kwaws $a% 4-134 
Zero Voltage Switch Power Controller .... 0.0.06... cee cee eee eens 4-140 
MOTOR CONTROLLERS 

Function Page 
DC Servo Motor Controller/Driver ...... 0.0... cece eee eee 4-22 
Brushless DC Motor Controller ......... 0... cc eee eee ete tenets 4-35 
DC Brushless Motor Controller ........ 0.0... c cece eee ee eet ete nees 4-56 
Brushless DC Motor Controller ...... 0... 0c cece cee eee een eet tees 4-76 
Closed Loop Brushless Motor Adapter ............. 0. 0c cece eee eee 4-98 
Slepper: Motor Diver ccsacwe hers wade okt beg ete hind eek ate 4-14 
Stepper Motor DAVE 2.5602 o24 hee we tiase CS Eos tena gaaee ad eae ad 4-103 
Universal Motor Speed Controller ............ 0... cee cee ee ees 4-108 
Universal Motor Speed Controller ........... 0... 0 cece eens 4-115 
TRIAC Phase Angle Controller ........ 0.0... 0c ccc cee ee tenes 4-125 
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MOTOROLA 
8 SEMICONDUCTOR ooo 
TECHNICAL DATA 


ZERO VOLTAGE SWITCHES 


This series is designed for thyristor control in a variety of ac 

power switching applications for ac input voltages of 24 V, 120 V, 
208/230 V, and 277 V @ 50/60 Hz. 
Applications: 
@ Relay Control @ Heater Control 
@ Valve Control @ Lamp Control 
@ Synchronous Switching of Flashing Lights 
e 


On-Off Motor Switching 


Differential Comparator With Self-Contained Power Supply for 
Industrial Applications 


@ Photosensitive Control @ Power One-Shot Control 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 


Current Ri 
Boost 


Crossing 
Detector 


7 
OC Mode or 
400 Hz Input 


On/Off 
Sensing 
Amp 


Inhibit External Trigger 


*NTC Sensor 
NOTE: Shaded Area Not Included With CA3079. 


Dissipation Rating 
for Rs 


AC Input Voltage Input Series 
(50/60 Hz) Resistor (Rg) 
vac kQ Ww 


24 


120 
208/230 
277 


CA3059 
CA3079 


ZERO VOLTAGE SWITCHES 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


PLASTIC PACKAGE 
CASE 646 


FUNCTIONAL BLOCK 
DESCRIPTION 


1. Limiter-Power Supply — Allows operation of 
the CA3059/79 directly from an ac line. Suggested 
dropping resistor (Rs) values are given in the table 
below. 

2. Differential On/Off Sensing Amplifier — Tests 
for condition of external sensors or input command 
signals. Proportional control capability or hyster- 
esis may be implemented using this block. 

3. Zero-Crossing Detector — Synchronizes the 
output pulses to the zero voltage point of the ac 
cycle. This synchronization eliminates RFI when 
used with resistive loads. 

4. Triac Drive — Supplies high-current pulses to 
the external power controlling thyristor. 

5. Protection Circuit (CA3059 only) — A built-in 
circuit may be actuated, if the sensor opens or 
shorts, to remove the drive current from the exter- 
nal triac. 

6. Inhibit Capability (CA3059 only) — Thyristor 
firing may be inhibited by the action of an internal 
diode gate at Pin 1. 

7. High Power DC Comparator Operation 
(CA3059 only) — Operation in this mode is accom- 
plished by connecting Pin 7 to Pin 12 (thus overrid- 
ing the action of the zero-crossing detector). When 
Pin 13 is positive with respect to Pin 9, current to 
the thyristor is continuous. 
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CA3059, CA3079 


MAXIMUM RATINGS 


Rating |_ Symbol Value | Unit ail 
| DC Supply Voltage Vde 
(Between Pins 2 and 7) CA3059 12 
| CA3079 | 10 | <i 
DC Supply Voltage Vdc 
(Between Pins 2 and 8) CA3059 12 
CA3079 10 _| 
{_ 
| Peak Supply Current (Pins 5 and 7) +50 mA =| 
| Fail-Safe Input Current (Pin 14) 2.0 mA | 
Output Pulse Current (Pin 4) (Note 1) 150 [ mA 
Junction Temperature 150 | °C 
Operating Temperature Range iz TA —40 to +85 i °C 
| Storage Temperature Range le Tst —65 to +150] °C 


ELECTRICAL CHARACTERISTICS (Operation @ 120 Vems, 50-60 Hz, Ta = 25°C, [Note 2}) 
Test Circuits | Symbol Min [_ Typ [ Max Unit 


Characteristic 


DC Supply Voltage Fig. 2 | Vs Vde 
Inhibit Mode 
Rg = 10k, IL = 0 6.1 6.5 7.0 
Rg = 5.0k, lL = 2.0mA a 6.1 = 


Pulse Mode 
Rs = 10k, IL = 0 
Rs = 5.0k, RL = 2.0mA 
Gate Trigger Current 
(VGT = 1.0 V, Pins 3 and 2 connected) 


Peak Output Current, Pulsed 
With Internal Power Supply, VGT = 0 
Pin 3 Open 
Pins 3 and 2 Connected 
With External Power Supply, Vcc = 12 V, Vqt = 0 
Pin 3 Open 
Pins 3 and 2 Connected 


Inhibit Input Ratio 
(Ratio of Voltage @ Pin 9 to Pin 2) 


Total Gate Pulse Duration (CEy4 = 0) 


Fig. 4 


ig. 0.465 0.485 0.520 _ 
a al “| — 
Fig. 6 ii LS 


Positive dv/dt tp 70 100 140 
Negative dv/dt {ty | 70 100 140 
Pulse Duration After Zero Crossing Fig. 6 MS 
(Cext = 9, Rext = ~) 
Positive dv/dt tp1 _ 50 aan 
Negative dv/dt tn1 Sea 60 salen Be 
Output Leakage Current Inhibit Mode (Note 3) Fig. 3 14 — 0.001 10 pA 
ane ae ge a ae 
Input Bias Current CA3059 Fig. tp — 0.15 1.0 wA 
CA3079 | = 0.15 2.0 a | 
r = 
Common Mode Input Voltage Range _ VCMR _ 1.4to 5.0) — Vdc 
(Pins 9 and 13 Connected) 
—— ae a 
Inhibit Input Voltage CA3059 only Fig. 8 | V1 _t _ 1.4 1.6 Vdc 
denies = L 
External Trigger Voltage CA3059 only — | Ve-V4_ | — 1.4 _ Vde 


NOTES: 1. Care must be taken, especially when using an external power supply, that total package dissipation is not exceeded. 

2. The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages of 24 V, 208/230 V, and 277 V, 
except for Pulse Duration test. However, the series resistor (Rs) must have the indicated value, shown in Table A for the specified input 
voltage. 

3. lq out of Pin 4, 2.0 V on Pin 1, S1 position 2. 
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TEST CIRCUITS 


(All resistor values are in ohms) 


| FIGURE 3 — PEAK OUTPUT (PULSED) AND 
GATE TRIGGER CURRENT WITH 
| FIGURE 2 — DC SUPPLY VOLTAGE INTERNAL POWER SUPPLY 


| Pulse 4.6 k 


Oscilloscope 
With 

s High-Gain 

Input 


External 
Load 
Current 


FIGURE 4 — PEAK OUTPUT CURRENT (PULSED) 
WITH EXTERNAL POWER SUPPLY 


Rs 
Rs m 10k 
10k 120 Vrms 


O 
120 Vrms 60 Hz 
60 Hz = 
O Oscilloscope 
With 
High-Gain 


Input 


100 uF 


FIGURE 6 — GATE PULSE DURATION TEST CIRCUIT 
WITH ASSOCIATED WAVEFORM FIGURE 7 — INPUT BIAS CURRENT TEST CIRCUIT 


Gate Pulse | ae 
c Line 


Positive Negative 
dv/dt dv/dt 


Veco =6.0V 
O 


Zero 
Voltage 


Oscilloscope 
With 
High-Gain 
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PEAK GUTPUT CURRENT (PULSED) [mAj 


INTERNAL SUPPLY (VOLTS) 


CA3059, CA3079 


TYPICAL CHARACTERISTICS 


FIGURE 8 — 


INHIBIT INPUT VOLTAGE TEST 


FIGURE 10 — PEAK OUTPUT CURRENT (PULSED) 
versus AMBIENT TEMPERATURE 


-20 0 20 40 60 
AMBIENT TEMPERATURE (°C) 


FIGURE 12 — INTERNAL SUPPLY versus 
AMBIENT TEMPERATURE 


40 


60 
AMBIENT TEMPERATURE (°C) 


-20 0 20 


PEAK OUTPUT CURRENT (PULSED) [mA] 


TOTAL PULSE WIDTH (us) 


INHIBIT VOLTAGE RATIO (Vg/V2) 


FIGURE 9 — PEAK OUTPUT CURRENT (PULSED) 
versus EXTERNAL POWER SUPPLY VOLTAGE 


—as |_| 
Pins 2 liek taeda ca ane 
ee es Pe 


Pin 3 Open —t 


i co Cn es (le en, 


+ 120 Vrms, 60 Hz 
+ Gate Voltage = 0 


5.0 6.0 7.0 8.0 9.0 10 i? 


EXTERNAL POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 — TOTAL PULSE WIDTH versus 
AMBIENT TEMPERATURE 
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FIGURE 13 — INHIBIT VOLTAGE RATIO 
versus AMBIENT TEMPERATURE 
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CA3059, CA3079 


FIGURE 14 — CIRCUIT SCHEMATIC 


For dc Mode Fail-Safe 
or 400 Hz Input 
Operation 


Current 
\ Boost 
25 I 

| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
14 
i O To 
| Thyristor 
j Gate 
| 

et ee SP Oe See nk ah ON WB Sn 5 eee 9 | 

O6 
To For 
Common External 
Trigger 


NOTE: Current sources are established by an internal reference. 


Pins 1, 6, 12, and 14 are not used with CA3079. 


APPLICATION INFORMATION 


Power Supply 


The CA3059 and CA3079 are self-powered circuits, 
powered from the ac line through an appropriate dropping 
resistor (see Table A). The internal supply is designed to 
power the auxiliary power circuits. 

In applications where more output current from the 
internal supply is required, an external power supply 
of higher voltage should be used. To use an external 
power supply, connect pin 5 and pin 7 together and apply 
the synchronizing voltage to pin 12 and the dc supply 
voltage to pin 2 as shown in Figure 4. 


Operation of Protection Circuit (CA3059 Only) 


The protection circuit, when connected, will remove 
current drive from the triac if an open or shorted sensor 
is detected. This circuit is activated by connecting pin 13 
to pin 14 (see Figure 1). 

The following conditions should be observed when the 
protection circuit is utilized: 

A. The internal supply should be used and the external 

load current must be limited to 2 mA with a 5 kQ 
dropping resistor. 


B. Sensor Resistance (Rx) and Rp values should be 
between 2 kQ and 100 kQ. 

C. The relationship 0.33 < Ryx/Rp < 3 must be met 
over the anticipated temperature range to prevent 
undesired activation of the circuit. A shunt or series 
resistor may have to be added. 


External Inhibit Function (CA3059 Only) 


A priority inihibit command applied to pin 1 will 
remove current drive from the thyristor. A command of 
at least +1.2 V @ 10 WA is required. A DTL or T2L logic 1 
applied to pin 1 will activate the inhibit function. 


DC Gate Current Mode (CA3059 Only) 


When comparator operation is desired or inductive 
loads are being switched, pins 7 and 12 should be 
connected. This connection disables the zero-crossing 
detector to permit the flow of gate current from the 
differential sensing amplifier on demand. Care should 
be exercised to avoid possible overloading of the internal 
power supply when operating the device in this mode. 
A resistor should be inserted between pin 4 and the 
thyristor gate in order to limit the current. 
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MOTOROLA 
m= SEMICONDUCTOR Eos MC3479 
TECHNICAL DATA 


STEPPER MOTOR DRIVER 


SILICON MONOLITHIC 
STEPPER MOTOR DRIVER INTEGRATED CIRCUIT 


The MC3479 is designed to drive a two-phase stepper motor in 
the bipolar mode. The circuit consists of four input sections, a 
logic decoding/sequencing section, two driver-stages for the P SUFFIX 


motor coils, and an output to indicate the Phase A drive state. PLASTIC PACKAGE 
CASE 648C 


® Single Supply Operation — +7.2 to + 16.5 Volts 
@ 350 mA/Coil Drive Capability 


@ Clamp Diodes Provided for Back-EMF Suppression 
@ Selectable CW/CCW and Full/Half Step Operation Salieri 
® Selectable High/Low Output Impedance (Half Step Mode) PLASTIC PACKAGE 
@ TTL/CMOS Compatible Inputs CASE 775 
, ae (PLCC 20) 
@ Input Hysteresis — 400 mV Minimum 
@ Phase Logic Can Be Initialized to Phase A 
@ Phase A Output Drive State Indication (Open-Collector) 
@ Available in Standard DIP and Surface Mount PIN ASSIGNMENTS 


FIGURE 1 — BLOCK DIAGRAM 


vm 
O 
O 
a 


(Top View) 


Driver 
Full'Half O4 7 FH Step Driver 
“ At 
i 
O © 


O 
Bias/Set Gnd 


Bias/Set [ 8 | 


INPUT TRUTH TABLE 
ow 


ORDERING INFORMATION 
Operating Junction 
Device Temperature Range Package 
Plastic 
—65° to + 150°C : 
Plastic 
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MC3479 


MAXIMUM RATINGS 


Rating | Symbol Value 

| Supply Voltage VM +18 

eee Diode Cathode Voltage (Pin 1) Vb Vm + 5.0 
Driver Output Voltage T Voo Vem + 6.0 
Drive Output Current/Coil ne lop | +500 

Lace Voltage (Logic Controls) Vin me —0.5to +7.0 
Bias/Set Current IBS —10 

| Phase A Output Voltage | a +18 
Phase A Sink Current ie loa 20 
Junction Temperature as Ty ip + 150 

| Storage Temperature Range L Tstg_ | —65to +150 
RECOMMENDED OPERATING CONDITIONS 


Characteristic Symbol 


Supply Voltage 


Clamp Diode Cathode Voltage 
Driver Output Current (Per Coil) (Note 5) 


Input Voltage (Logic Controls) 


Bias/Set Current (Outputs Active) 
Phase A Output Voitage 
Phase A Sink Current 


Operating Ambient Temperature 


NOTE: 
5. See section on Power Dissipation in Application Information. 


DC ELECTRICAL CHARACTERISTICS *(Pin numbers refer to the DIP Package) 
(Specifications apply over the recommended supply voltage and temperature ranges unless otherwise noted.) (See Notes 1, 2) 


Characteristic [spins | Symbol | min | typ | Max | unit 


Threshold Voltage (Low-to-High) 


INPUT LOGIC LEVELS 


Hysteresis 
Current (Vj = 0.4 V) 


fee ne (V; = 2.7 V) 

DRIVER OUTPUT LEVELS 

{ Output High Voltage 

(Igg = —300 pA) (lop = —350 mA) 
(lop = —0.7 mA) 


lo 


utput Low Voltage 
(igg = -300 nA, lop = 350 mA) 


Differential Mode Output Voltage Difference (Note 3) 
(IBg = —300 nA, lop = 350 mA) 


Common Mode Output Voltage Difference (Note 4) 
(IBg = -300 pA, lop = -0.1 mA) 


Output Leakage — Hi Z State 
(0 < Vop = Vm. Ips = ~5.0 pA) 
(0 < Vop <= Vm. Ips = ~300 nA, F/H = 2.0 V, OIC = 0.8 V) 


NOTES: 
1, Algebraic convention rather than absolute values is used to designate limit values. 
2. Current into a pin is designated as positive. Current out of a pin is designated as negative. 
3. DVop = !Vop1,2 — Yop3,4l where: Vop1,2 = (VoHD1 ~ Votpa2) or (VoHD2 — VoLp1). and 
Von3,4 = ‘VoHD3 ~ Yotpal or (VoHD4 - VOLDs3)- 
4. CVop = VoHD1 ~ VOHD2! or \VoHD3 — YouDal- 
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DC ELECTRICAL CHARACTERISTICS (continued) *(Pin numbers refer to the DIP Package} 
{Specifications apply over the recommended supply voltage and temperature ranges unless otherwise noted.) (See Notes 1, 2) 


Characteristic | *Pins Symbol Min Typ sie. Max | Unit | 
CLAMP DIODES 
Cone ie —— oe 7 =) 
Forward Voltage 1e2)3; VDF _ 2.5 3.0 Vde 
(Ip = 350 mA) 14, 15 
+—D r + + + — — 
Leakage Current (Per Diode} IDR _ — 100 pA 
(Pin 1 = 21 V; Outputs = 0 V; Ips = 0 uA) [ L L | 
PHASE A OUTPUT 
=> ar od — a 
Output Low Voltage 11 VOLA : ee — 0.4 Vde 
(loa = 8.0 mA) | 
Off State Leakage Current 100 pA 


(VOHA = 16.5 V) 
POWER SUPPLY 
Power Supply Current 16 mA 
(lop = 0 BA, IBSg = —300 pA) 
(L1 = VOHp, L2 = Vo_p, L3 = Voup, L4 = VoLp) IMWw — — 70 
(L1 = VoHp, L2 = Vo_p, L3 = Hi Z, L4 = Hi 2) ImMz _ _ 40 
|__(L1 = VoHp, L2 = Voip. L3 = Vonp. L4 = Voup) jt Mn | ~— | ~— | 7 
BIAS/SET CURRENT 
C- z 
| To Set Phase A i 6 eh! IBS 12 5.0 Fan le teat eh BA 
PACKAGE THERMAL CHARACTERISTICS 
= z 7 id —T 
[— Characteristic Symbol | Min Typ 43 Max Unit 
Thermal Resistance, Junction to Ambient — No Heatsink ey. RA {| = 45 , eas T CW | 
AC SWITCHING CHARACTERISTICS (Ta = +25°C, Vy = 12 V) (See Figures 2, 3, 4) 
Characteristic els oe Symbol L Min | Typ Max te Unit 
Leon Frequency 7 le fcK [ 0 | — ale 50 L kHz 4 
Clock Pulse Width — High 7 PWCKH 10 _ — ps 
I sts to -t 1 _4 —| 
Ctock Pulse Width — Low 7 PWCKL 10 _ = MS 
eee ‘‘ . cores eee 4 
Bias/Set Pulse Width 6 PWes 10 —_ — BS 
— = = —+- + + + }— 1 
Setup Time — CW/CCW and F/HS 10-7 toy 5.0 _ —_ ps 
9-7 
= = si8 r i r zi a 
Hold Time — CW/CCW and F/HS 10-7 th 10 — — BS 
9-7 
— + j —+ + 4 
Propagation Delay — Clk-to-Driver Output tPCD eee 4 8.0 bes MS 
= a — 
Propagation Delay — Bias/Set-to-Driver Output | tPpBsD _ 1.0 _ [ bus 4 
Propagation Delay — Clk-to-Phase A Low 7-11 ig tPHLA ‘iz _— ale 12 a — | #s 
| Propagation Delay — Clk-to-Phase A High 7-11 [ tPpLHA {| — | 50 — Ew | 
NOTES: 


1. Algebraic convention rather than absolute values is used to designate limit values. 
2. Current into a pin is designated as positive. Current out of a pin is designated as negative. 
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FIGURE 2 — AC TEST CIRCUIT FIGURE 3 — BIAS/SET TIMING (Refer to Figure 2) 
+12V 


Bias/Set 
Input 0 
Bias/Set 
L1-L4 : 
Outputs (High Impedance) 
Clk 
OIC 

F/ 

NS Note: tr, tf (10% -90%) for 

CW/CCW input signals are < 25 ns. 
+12 V 
Phase A 
PIN DESCRIPTION ~ 
tT T coo yar 
Pin # | 
Name Symbol FN DIP Description 

Power Supply ok VM 20 16 | Power supply pin for both the logic circuit and the motor coil current. 
Voltage range is +7.2 to + 16.5 volts. 

Ground = Gnd 4, 5, 6, 7, 4,5, Ground pins for the logic circuit and the motor coil current. The physical 

14,15,16,17] 12, 13 configuration of the pins aids in dissipating heat from within the IC 
package. 

FR a T a ane ———| 
Clamp Diode Vb 1 1 This pin is used to protect the outputs where large voltage spikes may 
Voltage occur as the motor coils are switched. Typically a diode is connected 

i a __| between this pin and Pin 16. See Figure 11. 

Driver Outputs L1, 2 | 2,3, 2,3, High current outputs for the motor coils. L1 and L2 are connected to 

iz L3, L4 18, 19 1 14, 15 [one coil, and L3 and L4 to the other coil. 

Bias/Set BS 8 6 This pin is typically 0.7 volts below Vj. The current out of this pin 
(through a resistor to ground) determines the maximum output sink 
current. If the pin is opened (Ips < 5.0 uA) the outputs assume a high 
impedance condition, while the internal logic presets to a Phase A 

L = pat condition. 

Clock Clk 9 7 | The positive edge of the clock input switches the outputs to the next 

= { position. This input has no effect if Pin 6 is open. 

ma eae ae Se 5; 

ull/Half Step FYHS 11 9 When low (Logic “0’’), each clock pulse will cause the motor to rotate 
one full step. When high, each clock pulse will cause the motor to 

L eae at ait rotate one-half step. See Figure 7 for sequence. 

Clockwise/ Cw'ccw 12 10 This input allows reversing the rotation of the motor. See Figure 7 for 

ECOUnterslock Wise sequence. 

al aT + ae : : , 

Output Impedance OIc 10 8 This input is relevant only in the half step mode (Pin 9 > 2.0 V). When 

Control low (Logic ‘0’’) the two driver outputs of the non-energized cof! will 
be in a high impedance condition. When high the same driver outputs 

| Me will be at a low impedance referenced to Vjy. See Figure 7. 
[ Phase A Pha 13 i 11 | this open-collector output indicates (when low) that the driver outputs 
are in the Phase A condition (L1 = L3 = Vgyp, L2 = L4 = VoLp). 
APPLICATION INFORMATION 

GENERAL OUTPUTS 
The MC3479 integrated circuit is designed to drive a The outputs (L1~L4) are high current outputs (see Fig- 

stepper positioning motor in applications such as disk ure 5), which when connected to a two-phase motor, 

drives and robotics. The outputs can provide up to provide two full-bridge configurations (L3 and L4 are 

350 mA to each of two coils of a two-phase motor. The not shown in Figure 5). The polarities applied to the 

outputs change state with each low-to-high transition motor coils depend on which transistor (Qy or Q,) of 

of the clock input, with the new output state depending each output is on, which in turn depends on the inputs 
on the previous state, as well as the input conditions at and the decoding circuitry. 


the logic controls. 
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FIGURE 4 — CLOCK TIMING (Refer to Figure 2) 


LI-L4 


FHS, 
ew/ccw 
Inputs QO 


Phase A 
Output 


Current 
Drivers 
and 
Logic 


a SR EL, 
To L3, L4 
Transistors 


The maximum sink current available at the outputs is 
a function of the resistor connected between Pin 6 and 
ground (see section on Bias/Set operation). Whenever 
the outputs are to be in a high impedance state, both 
transistors (Qy and Q, of Figure 5) of each output are 
off. 
Vb 

This pin allows for provision of a current path for the 
motor coil current during switching, in order to sup- 
press back-EMF voltage spikes. Vp is normally con- 
nected to Vjy (Pin 16) through a diode (zener or regular), 
a resistor, or directly. The peaks instantaneous voltage 
at the outputs must not exceed Vjpy by more than 6.0 
volts. The voltage drop across the internal clamping 
diodes must be included in this portion of the design 
(see Figure 6). Note the parasitic diodes (Figure 5) across 
each Q, of each output provide for a complete circuit 
path for the switched current. 


cups SOY ee 


Ve (VOLTS) 


Note: tr, ty (10-90%) 
for input signals are 
<10ns 


Parasitic 
Diodes 


Inputs 


FIGURE 6 — CLAMP DIODE CHARACTERISTICS 
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FULL/HALF STEP 


When this input is at a Logic ‘0’ (<0.8 volts}, the 
outputs change a full step with each clock cycle, with 
the sequence direction depending on the CW/CCW 
input. There are four steps (Phase A, B, C, DB) for each 
complete cycle of the sequencing logic. Current flows 
through both motor coils during each step, as shown 
in Figure 7. 

When taken to a Logic “1” (>2.0 volts), the outputs 
change a half step with each clock cycle, with the 
sequence direction depending on the CWICCW input. 
Eight steps (Phase A-H) result for each complete cycle 
of the sequencing logic. Phase A, C, E and G correspond 
(in polarity) to Phase A, B, C, and D, respectively, of the 
full step sequence. Phase B, D, F and H provide current 
to one motor coil, while de-energizing the other coil. 
The condition of the outputs of the de-energized coil 
depends on the OIC input. See Figure 7 for timing 
diagram. 


oic 


The output impedance control input determines the 
output impedance to the de-energized coil when oper- 
ating in the half-step mode. When the outputs are in 


Phase B, D, F or H (Figure 7) and this input is at a Logic 
“0” (<0.8 V), the two outputs to the de-energized coil! 
are in a high impedance condition — Q,_ and Qu of both 
outputs (Figure 5) are off. When this input is at a Logic 
“1"" (>2.0 V), a low impedance output is provided to the 
de-energized coil as both outputs have Qy on (Q, off). 
To complete the low impedance path requires con- 
necting Vp to Vy as described elsewhere in this data 
sheet. 


BIAS/SET 


This pin can be used for three functions: 
a) determining the maximum output sink current; 
b) setting the internal logic to a known state; and 
c) reducing power consumption. 

a) The maximum output sink current is determined 
by the base drive current supplied to the lower transis- 
tors (Q.s of Figure 5) of each output, which in turn, is 
a function of Igs. The appropriate value of Ips is deter- 
mined by: 

Ips = lop x 0.86 


where Igs is in microamps, and !gp is the motor 
current/coil in milliamps. 


FIGURE 7 — OUTPUT SEQUENCE 


B 


Phase A 
Output 


Phase A 
Output 


{c) Half Step Mode 


= High Impedance 
= Logic ‘O" 
= Don't Care 


= High Impedance 


EW/CCW = Logic “0” 


F/HS 


= Logic ‘1’, OIC = Logic “0” 


CW/ CCW = Logic “0” 
= Logic "1" 
= Logic "1" 


F/HS 
OIc 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-19 


MC3479 


The value of Rg (between this pin and ground) is then 
determined by: 
= ¥u- 0.7 V 

IBS 

b) When this pin is opened (raised to Vpy) such that 
Ips is <5.0 pA, the internal logic is set to the Phase A 
condition, and the four driver outputs are put into a high 
impedance state. The Phase A output (Pin 11) goes 
active (low), and input signals at the controls are 
ignored during this time. Upon re-establishing Ips, the 
driver outputs become active, and will be in the Phase 
A position (L1 = L3 = VQuHp, L2 = L4 = Vo_p). The 
circuit will then respond to the inputs at the controls. 

The Set function (opening this pin) can be used as a 
power-up reset while supply voltages are settling. A 
CMOS logic gate (powered by Vj) can be used to con- 
trol this pin as shown in Figure 11. 

c) Whenever the. motor is not being stepped, power 
dissipation in the IC and in the motor may be lowered 
by reducing Igs, so as to reduce the output (motor) 
current. Setting Igs to 75 uA will reduce the motor cur- 
rent, but will not reset the internal logic as described 
above. See Figure 12 for a suggested circuit. 


POWER DISSIPATION 


The power dissipated by the MC3479 must be such 
that the junction temperature (Tj) does not exceed 
150°C. The power dissipated can be expressed as: 


P = (Vm x Im) + (2.x lop) (Vm - VoHp) + VoLp! 
where Vjy = Supply voltage; 
ly = Supply current other than lop; 
lop = Output current to each motor coil; 
VOHD = Driver output high voltage; 
VOLD = Driver output low voltage. 

The power supply current (ipq) is obtained from Figure 
8. After the power dissipation is calculated, the junction 
temperature can be calculated using: 

Ty = (Px Rega) + Ta 
where RgjA = Junction to ambient thermal resistance; 
(52°C/W for the DIP, 72°C/W for the FN 
Package) 
Ta = Ambient Temperature. 

For example, assume an application where Vy = 

12 V, the motor requires 200 mA/coil, operating at room 


RB 


FIGURE 8 — POWER SUPPLY CURRENT 


Im (mA) 


Ips (A) 


temperature with no heatsink on the IC. lpg is 
calculated: 

200 x 0.86 

172 pA 


I 


IBS 
IBS 
Rp is calculated: 
Rp = (12 — 0.7) V/172 uA 
Rp = 65.7 kQ 
From Figure 8, \jq (max) is determined to be 40 mA. 


From Figure 9, VOLD is 0.46 volts, and from Figure 10, 
(Vm — VoHp) is 1.4 volts. 


P = (12 x 0.040) + (2 x 0.2) (1.4 + 0.46) 


i 


P = 1.22W 
Ty = (1.22 W x 52°C/W) +25°C 
Ty = 88°C 


This temperature is well below the maximum limit. If 
the calculated Ty had been higher than 150°C, a heatsink 
such as the Staver Co. V-7 Series, Aavid #5802, or Ther- 
malloy #6012 could be used to reduce Raja. In extreme 
cases forced air cooling should be considered. 

The above calculation, and Rgja, assumes that a 
ground plane is provided under the MC3479 (either or 
both sides of the PC board) to aid in the heat dissipation. 
Single nominal width traces leading from the four 
ground pins should be avoided as this will increase Ty, 
as well as provide potentially disruptive ground noise 
and IR drops when switching the motor current. 


FIGURE 9 — MAXIMUM SATURATION VOLTAGE — 
DRIVER OUTPUT LOW 


Voip (VGLTS) 


lop (mA} 


FIGURE 10 — MAXIMUM SATURATION VOLTAGE — 
DRIVER OUTPUT HIGH 


[Vm - Voxol (VOLTS) 


lop (mA) 
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FIGURE 11 — TYPICAL APPLICATIONS CIRCUIT 


+V +V 
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20k 
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ewiccw 
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ser LI 


Norma! MC140439UB 
Operation or equivalent 


FIGURE 12 — POWER REDUCTION 


MC3479P 


Bias/Set 


Norma! 
Operation 


Reduced MC14049UB 
Power or equivalent 


— Suggested value for Rpy (Vpy = 12 V) is 150 kf. 
— Rg calculation (see text) must take into account 
the current through Rp}j. 
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= SEMICONDUCTOR coos 
TECHNICAL DATA 


DC SERVO MOTOR CONTROLLER/DRIVER 


The MC33030 is a monolithic dc servo motor controller provid- 
ing all active functions necessary for a complete closed loop sys- 
tem. This device consists of an on-chip op amp and window com- 
parator with wide input common-mode range, drive and brake 
logic with direction memory, power H switch driver capable of 
1.0 A, independentiy programmable over-current monitor and 
shutdown delay, and over-voltage monitor. This part is ideally 
suited for almost any servo positioning application that requires 
sensing of temperature, pressure, light, magnetic flux, or any 
other means that can be converted to a voltage. 

Although this device is primarily intended for servo applica- 
tions, it can be used as a switchmode motor controller. 


@ Qn-Chip Error Amp for Feedback Monitoring 


@ Window Detector with Deadband and Self Centering 
Reference Input 


DC SERVO MOTOR 
CONTROLLER/DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Drive/Brake Logic with Direction Memory 
1.0 A Power H Switch 


® 
e 

@ Programmable Over-Current Detector decade 
e 

e 


PLASTIC PACKAGE 


Programmabie Over-Current Shutdown Delay CASE 648C 


Over-Voltage Shutdown 


PIN CONNECTIONS 
SIMPLIFIED BLOCK DIAGRAM 


Reference Over-Current 
Input Delay 


Vec 
Oo 


Feedback 
Position 8 
© 


Voltage 
Monitor 


Reference 

input Filter 

Error Amp Output 
Filter/Fdbk Input 


Error Amp 
Qutput 


Over-Current 
Reference 
Drive 

Output A 


Error Amp Drive 
Inverting Input Output B 
Error Amp 
Input Filter 


Error Amp Non- 
Inverting Input 


(Top View) 


Detector 


Programmable 
Over- 
Current 
Detector 
& Latch 


Direction 
Memory 


Pins 4, 5, 12 and 13 are electrical ground and heat 
sink pins for IC 


Reference 
Position 


ORDERING INFORMATION 


Temperature 
Device Range Package 
MC33030P —40°C to + 85°C Plastic DIP 
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MAXIMUM RATINGS 


MC33030 


Power Dissipation and Thermal 
Characteristics 
Maximum Power Dissipation @ 
Ta = 70°C 
Thermal Resistance Junction to Air 
Thermal Resistance Junction to Case. 
Pins 4, 5, 12, 13. 


Storage Temperature Range 
NOTES: 


Brake Diode Forward Current (Note 2) | op 


2 ] P 
i Rating ie Symbol Value Unit | 
Power Supply Voltage a Vcc 4 36 
i oe + 
Input Voltage Range Vir —0.3 to Vcc 
Op Amp, Comparator, Current Limit. 
Pins 1, 2, 3, 6, 7, 8, 9, 15. 
Input Differential Voltage Range VipR —0.3 to Vcc 
Op Amp, Comparator. 
Pins 1, 2, 3, 6, 7, 8, 9. 
} ——— 
Delay Pin Sink Current (Pin 16) IoLy(sink) 20 
1 ae Goa pete 
Output Source Current (Op Amp) Isource 
Drive Output Voltage Ra Note 1 V 
ae utpu ag nge (Note 1) DRV | - 
Drive Output Source Current (Note 2) IDRV{source) 1.0 
Drive Output Sink Current (Note 2) {DRV(sink) 


Operating Junction Temperature Ty +150 
Operating Ambient Temperature Range Ta ~40 to +85 


1. The upper voltage level is clamped by the forward drop, Vr, of the brake diode. 
2. These values are for continuous dc current. Maximum package power dissipation limits 


must be observed. 


ELECTRICAL CHARACTERISTICS (Vcc = 14 V, Ta = 25°C unless otherwise noted) 


Characteristic Symbol 


ERROR AMP 


Input Offset Voltage (— 40°C = Ta < +85°C) 
VPin 6 = 7.0 V, R_ = 100k 

Input Offset Current 
VPin 6 = 1.0 V, RL = 100k 

Input Bias Current 
VPin 6 = 7.0 V, RL = 100 k 


Input Common-Mode Voltage Range 
AViI9Q = 20 mV, RL = 100 k 


Slew Rate, Open Loop (Vip = 0.5 V, C_ = 15 pF) 


Min 


oo” 


Unity-Gain Crossover Frequency 
Unity-Gain Phase Margin 


Common-Mode Rejection Ratio 
VPin 6 = 7.0 V, RL = 100k 


Power Supply Rejection Ratio 


Vcc = 9.0 to 16 V, Vpin g = 7.0 V, RL = 100k 


, 
+ 


Output Source Current (Vpin 6 = 12 V) 
Output Sink Current (Vpin 6 = 1.0 V) 


Output Voltage Swing (Ry = 17 k to Ground) 
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Typ Max Unit 
1.5 10 mV 
0.7 — nA 
7.0 — nA 
{ $+ 

0 to (Vcc —1.2) —_ V 
0.40 _ Vis 
550 _ kHz 
63 _ deg 
82 — dB 
89 _ dB 


(Continued) 


MC33030 
ELECTRICAL CHARACTERISTICS (Continued) 


Vip = 0.5V 
POWER H-SWITCH 


Drive-Output Saturation (— 40°C < Ta < +85°C, Note 4) 
High State (Isource = 100 mA) 
Low State (Isink = 100 mA) 


Drive-Output Voltage Switching Time (CL = 15 pF) 
Rise Time 
Fall Time 


Brake Diode Forward Voltage Drop (If = 200 mA, Note 4) 


VOH(DRV) 
VOL(DRV) 


= 


(Vcc ~ 0.85) 
0.12 


TOTAL DEVICE 


Standby Supply Current 


i" 
Over-Voltage Shutdown Threshold 
(-40°C < Ta < +85°C) 


r 
Over-Voltage Shutdown Hysteresis (Device off to on) 


Operating Voltage Lower Threshold 
(-40°C = Ta < +85°C) 


NOTES: 


3. The upper or lower hysteresis will be lost when operating the Input, Pin 3, close to the respective rail. Refer to Figure 4. 
4. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible. 
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: T- 
Characteristic | Symbol Min i Typ Max {. Unit 
WINDOW DETECTOR 
[— Paice here oi 
Input Hysteresis Voltage (V1 — Vq, V2 — V3, Figure 17) VH { 25 35 45 mV 4 
Input Dead Zone Range (V2 - V4, Figure 17) Vipz ba! 166 es 210 i 254 mV 
t 
Input Offset Voltage (|[V2 — Vein 2]—[VPin 2— Vall, Figure 17) VIO ee aoe 25 —~— L mV | 
Input Functional Common-Mode Range {Note 3) V 
Upper Threshold VIH —_ (Vcc — 1.05) — 
Lower Threshold Vit = 0.24 —_ 
tr eh y —| 
Reference Input Self Centering Voltage VRSC _ (1/2 Voc) = Vv 
Pins 1 and 2 Open L a 4 _| 
Window Detector Propagation Delay tp(iN/DRV) _ 2.0 —_ HS 
Comparator Input, Pin 3, to Drive Outputs 
L Vip = 0.5 V, Ri(pRv) = 390 0 [i | 
OVER-CURRENT MONITOR 
- a rit J 
Over-Current Reference Resistor Voltage (Pin 15) Roc 4 3.9 4.3 4.7 ig Vv “4 
Delay Pin Source Current IDLY(source) — 5.5 6.9 pA 
Vv 7 ; = 27k, = A 
DLY = 9 V, Roc = 27k, IpRy = Om wi 
Delay Pin Sink Current (Roc = 27k, IpRy = 0 mA) IDLY(sink) mA 
VbLY = 5.0V _— 0.1 _ 
VboLY = 83V _ 0.7 _ 
VoLY = 14V — 16.5 _ 
Delay Pin Voltage, Low State (Ip, y = 0 mA) VOLIDLY) _ 1 0.3 0.4 Vv 
Over-Current Shutdown Threshold Vth(OC) Vv 
Vec = 14V ; : 
Vcc = 8.0V 
Over-Current Shutdown Propagation Delay tp(DLY/DRV) 
Delay Capacitor Input, Pin 16, to Drive Outputs 


E (mV) 


MC33030 


FIGURE 1 — ERROR AMP INPUT COMMON-MODE VOLTAGE FIGURE 2 — ERROR AMP OUTPUT SATURATION 
RANGE versus TEMPERATURE versus LOAD CURRENT 


AVig = 20 mv 


RL = 100k 


{ 
=4 
OQ 
S 


Veat: OUPUT SATURATION VOLTAGE (V) 


Vicn, INPUT COMMON MODE RANG 


0 —— hk 
~55 —25 0 +25 +50 +75 +100 30 100 300 10k 3.0 k 


Ty, AMBIENT TEMPERATURE (°C) I, LOAD CURRENT (+ 2A) 
FIGURE 3 — OPEN-LOOP VOLTAGE GAIN AND FIGURE 4 — WINDOW DETECTOR REFERENCE-INPUT 
PHASE versus FREQUENCY COMMON-MODE VOLTAGE RANGE versus TEMPERATURE 


Avot, OPEN-LOOP VOLTAGE GAIN (dB) 
@, EXCESS PHASE (DEGREES} 


Vicr, INPUT COMMON-MODE RANGE {V) 


0 
10k 100 k 1.0M ~—55 — 25 0 + 25 + 50 +75 +100 +125 
f, FREQUENCY (Hz) Ty, AMBIENT TEMPERATURE (°C) 
FIGURE 5 — WINDOW DETECTOR FEEDBACK-INPUT FIGURE 6 — OUTPUT DRIVE SATURATION 
THRESHOLDS versus TEMPERATURE versus LOAD CURRENT 


Source Saturation 


—+— 


Vp. FEEDBACK-INPUT VOLTAGE (V) 


— 
aad —25 0 +25 +50 +75 +100 +125 
Tp, AMBIENT TEMPERATURE (°C) IL. LOAD CURRENT ( + mA} 


Vgat: OUTPUT SATURATION VOLTAGE (V) 
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MC33030 


FIGURE 7 — BRAKE DIODE FORWARD CURRENT FIGURE 8 — OUTPUT SOURCE CURRENT-LIMIT versus 
versus FORWARD VOLTAGE OVER-CURRENT REFERENCE RESISTANCE 


800 


600 


400 


200 


\¢, FORWARD CURRENT (mA) 


Isource, OUTPUT SOURCE CURRENT (mA) 


s 0 20 40 60 80 100 
Vr, FORWARD VOLTAGE (V) Roc, OVER-CURRENT REFERENCE RESISTANCE (kQ2) 
FIGURE 9 — OUTPUT SOURCE CURRENT-LIMIT FIGURE 10 — NORMALIZED DELAY PIN SOURCE CURRENT 
versus TEMPERATURE versus TEMPERATURE 
1.04 ->— a 


1.00 


0.92 


Isource OUTPUT SOURCE CURRENT (mA) 


lDLY{source}, DELAY PIN SOURCE CURRENT 
(NORMALIZED) 
Qo 
8 


0.88 
— 55 ~ 8 . 99 +80 47) 2100 9425 55 “0 +2 +50 +75 +100 +125 


Ta, AMBIENT TEMPERATURE {°C} Tg, AMBIENT TEMPERATURE (°C) 


FIGURE 11 — NORMALIZED OVER-CURRENT DELAY 
THRESHOLD VOLTAGE versus TEMPERATURE FIGURE 12 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 13 — NORMALIZED OVER-VOLTAGE SHUTDOWN 
THRESHOLD versus TEMPERATURE 


OLTAGE SHUTDOWN THRESHOLD 


(NORMALIZED) 


Vinay}, OVER-V 


— 55 ~ 25 0 +25 +50 +75 + 100 
Ta, AMBIENT TEMPERATURE (°C) 


, OVER-VOLTAGE SHUTDOWN HYSTERESIS 


VH{OV) 
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FIGURE 14 — NORMALIZED OVER-VOLTAGE SHUTDOWN 
HYSTERESIS versus TEMPERATURE 


(NORMALIZED) 


55 —25 0 +2 +50 +75 +100 +125 
Ta, AMBIENT TEMPERAUTRE (°C} 


FIGURE 15 — THERMAL RESISTANCE AND MAXIMUM POWER 
DISSIPATION versus P.C.B. COPPER LENGTH 


ae ee See Cae 


Printed circuit board heatsink example 


Roja, THERMAL RESISTANCE JUNCTION TO AIR (°C:W) 


Pp, MAXIMUM POWER DISSIPATION (W) 


L, LENGTH OF COPPER (mm) 


OPERATING DESCRIPTION 

The MC33030 was designed to drive fractional horse- 
power dc motors and sense actuator position by voltage 
feedback. A typical servo application and representative 
internal block diagram are shown in Figure 16. The sys- 
tem operates by setting a voltage on the reference input 
of the Window Detector (Pin 1) which appears on (Pin 
2). A dc motor then drives a position sensor, usually a 
potentiometer driven by a gear box, in a corrective fash- 
ion so that a voltage proportional to position is present 
at Pin 3. The servo motor will continue to run until the 
voltage at Pin 3 falls within the dead zone, which is 
centered about the reference voltage. 

The Window Detector is composed of two compar- 
ators, A and B, each containing hysteresis. The refer- 
ence input, common to both comparators, is pre-biased 
at 1/2 Vcc for simple two position servo systems and 
can easily be overriden by an external voltage divider. 
The feedback voltage present at Pin 3 is connected to 
the center of two resistors that are driven by an equal 
magnitude current source and sink. This generates an 
offset voltage at the input of each comparator which is 


centered about Pin 3 that can float virtually from Vcc 
to ground. The sum of the upper and lower offset volt- 
ages is defined as the window detector input dead zone 
range. 

To increase system flexibility, an on-chip Error Amp 
is provided. It can be used to buffer and/or gain-up the 
actuator position voltage which has the effect of nar- 
rowing the dead zone range. A PNP differential input 
stage is provided so that the input common-mode volt- 
age range will include ground. The main design goal of 
the error amp output stage was to be able to drive the 
window detector input. it typically can source 1.8 mA 
and sink 250 A. Special design considerations must be 
made if it is to be used for other applications. 

The Power H-Switch provides a direct means for mo- 
tor drive and braking with a maximum source, sink, and 
brake current of 1.0 A continuous. Maximum package 
power dissipation limits must be observed. Refer to 
Figure 15 for thermal information. For greater drive cur- 
rent requirements, a method for buffering that main- 
tains all the system features is shown in Figure 29. 
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MC33030 


FIGURE 16 — REPRESENTATIVE BLOCK DIAGRAM AND TYPICAL SERVO APPLICATION 
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The Over-Current Monitor is designed to distinguish 
between motor start-up or locked rotor conditions that 
can occur when the actuator has reached its travel limit. 
A fraction of the Power H-Switch source current is in- 
ternally fed into one of the two inverting inputs of the 
current comparator, while the non-inverting input is dri- 
ven by a programmable current reference. This refer- 
ence level is controlled by the resistance value selected 
for Roc, and must be greater than the required motor 
run-current with its mechanical load over temperature; 
refer to Figure 8. During an over-current condition, the 
comparator will turn off and allow the current source to 
charge the delay capacitor, Cpj y. When Cp,y charges 
to a Jevel of 7.5 V, the set input of the over-current latch 
will go high, disabling the drive and brake functions of 
the Power H-Switch. The programmable time delay is 
determined by the capacitance value-selected for Cp_y. 


Vref Coty _ 7:5 CDLY 
IDLY(source) 5.5 uA 


'DLY = 136CpLy in uF 


Monitor 


15 


Over-Current 
Reference 


Roc 


This system allows the Power H-Switch to supply mo- 
tor start-up current for a predetermined amount of time. 
\f the rotor is locked, the system will time-out and shut- 
down. This feature eliminates the need for servo end- 
of-travel or limit switches. Care must be taken so as not 
to select too large of a capacitance value for Cp, y. An 
over-current condition for an excessively long time-out 
period can cause the integrated circuit to overheat and 
eventually fail. Again, the maximum package power dis- 
sipation limits must be observed. The over-current latch 
is reset upon power-up or by readjusting Vpin 2 as to 
Cause Vpjn 3 to enter or pass through the dead zone. 
This can be achieved by requesting the motor to reverse 
direction. 

An Over-Voltage Monitor circuit provides protection 
for the integrated circuit and motor by disabling the 
Power H-Switch functions if Vcc should exceed 18 V. 
Resumption of normal operation will commence when 
Vcc falls below 17.4 V. 
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Over-Current 


MC33030 


A timing diagram that depicts the operation of the 
Drive/Brake Logic section is shown in Figure 17. The 
waveforms grouped in [1] show a reference voltage that 
was preset, appearing on Pin 2, which corresponds to 
the desired actuator position. The true actuator position 
is represented by the voltage on Pin 3. The points V, 
through Vq represent the input voltage thresholds of 
comparators A and B that cause a change in their re- 
spective output state. They are defined as follows: 


V1 = Comparator B turn-off threshold 
= Comparator A turn-on threshold 
Comparator A turn-off threshold 
= Comparator B turn-on threshold 


V1-Vq4 = Comparator B input hysteresis voltage 

Comparator A input hysteresis voltage 

V2-V4 = Window detector input dead zone range 

\(V2-Vpin2) — (Vpin2 - V4)|_ = Window detector input 
offset voltage 

It must be remembered that points V1 through Vq 
always try to follow and center about the reference volt- 
age setting if it is within the input common-mode volt- 
age range of Pin 3; Figures 4 and 5. Initially consider 
that the feedback input voltage level is somewhere on 
the dashed line between V9 and Vq in (1]. This is within 
the dead zone range as defined above and the motor 
will be off. Now if the reference voltage is raised so that 
Vpin 3 is less than V4, comparator B will turn-on [3] 
enabling Q Drive, causing Drive Output A to sink and B 
to source motor current [8]. The actuator will move in 
Direction B until Vpin 3 becomes greater than V1. Com- 
parator B will turn-off, activating the brake enable [4] 
and Q Brake [6] causing Drive Output A to go high and 
B to go into a-high impedance state. The inertia of the 
mechanical system will drive the motor as a generator 
creating a positive voltage on Pin 10 with respect to Pin 
14. The servo system can be stopped quickly, so as not 
to over-shoot through the dead zone range, by braking. 
This is accomplished by shorting the motor/generator 
terminals together. Brake current will flow into the diode 
at Drive Output B, through the internal Vcc rail, and out 
the emitter of the sourcing transistor at Drive Output A. 
The end of the solid line and beginning of the dashed 
for Vpin 3 [1] indicates the possible resting position of 
the actuator after braking. 

If Vpin 3 Should continue to rise and become greater 
than V2, the actuator will have over shot the dead zone 
range and cause the motor to run in Direction A until 
Vpin 3 is equal to V3. The Drive/Brake behavior for 
Direction A is identical to that of B. Overshooting the 
dead zone range in both directions can cause the servo 
system to continuously hunt or oscillate. Notice that the 


<< 
Wn 
Wool 


< 
N 

< 
w 

4 


last motor run-direction is stored in the direction latch. 
This information is needed to determine whether Q or 
Q Brake is to be enabled when Vpin 3 enters the dead 
zone range. The dashed lines in [8,9] indicate the re- 
sulting waveforms of an over-current condition that has 
exceeded the programmed time delay. Notice that both 
Drive Outputs go into a high impedance state until 
Vpin 2 is readjusted so that Vpin 3 enters or crosses 
through the dead zone [7,4]. 

The inputs of the Error Amp and Window Detector 
can be susceptible to the noise created by the brushes 
of the dc motor and cause the servo to hunt. Therefore, 
each of these inputs are provided with an internal series 
resistor and are pinned out for an external bypass ca- 
pacitor. It has been found that placing a capacitor with 
short leads directly across the brushes will significantly 
reduce noise problems. Good quality RF bypass capac- 
itors in the range of 0.001 to 0.1 uF may be required. 
Many of the more economical motors will generate sig- 
nificant levels of RF energy over a spectrum that extends 
from dc to beyond 200 MHz. The capacitance value and 
method of noise filtering must be determined on a sys- 
tem by system basis. 

Thus far, the operating description has been limited 
to servo systems in which the motor mechanically 
drives a potentiometer for position sensing. Figures 18, 
19, 26, and 30 show examples that use light, magnetic 
flux, temperature, and pressure as a means to drive the 
feedback element. Figures 20, 21 and 22 are examples 
of two position, open-loop servo systems. In these sys- 
tems, the motor runs the actuator to each end of its 
travel limit where the Over-Current Monitor detects a 
locked rotor condition and shuts down the drive. Figures 
31 and 32 show two possible methods of using the 
MC33030 as a switching motor controlier. in each ex- 
ample a fixed reference voltage is applied to Pin 2. This 
causes Vpin 3 to be less than V4 and Drive Output A, 
Pin 14, to be in a low state saturating the TIP42 tran- 
sistor. In Figure 31, the motor drives a tachometer that 
generates an ac voltage proportional to RPM. This volt- 
age is rectified, filtered, divided down by the speed set 
potentiometer, and applied to Pin 8. The motor will ac- 
celerate until Vpin 3 is equal to Vy at which time Pin 14 
will go to a high state and terminate the motor drive. 
The motor will now coast until Vpin 3 is less than Vq 
where upon drive is then reapplied. The system oper- 
ation of Figure 32 identical to that of 31 except the signal 
at Pin 3 is an amplified average of the motors drive and 
back EMF voltages. Both systems exhibit excellent con- 
trol of RPM with variations of Vcc; however, Figure 31 
has somewhat better torque characteristics at low RPM. 
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FIGURE 17 — TIMING DIAGRAM 
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FIGURE 18 — SOLAR TRACKING SERVO SYSTEM FIGURE 19 — MAGNETIC SENSING SERVO SYSTEM 


R1, R2 — Cadium Sulphide Photoceli Zero Flux 
\4 ia 5M Dark, 3.0 k light resistance Centering 
= Vec R3 — 30 k, repositions servo during 
A darkness for next sunrise. 
PN =15° 


_————— Linear 


Error Amp Hall 


Effect 
Sensor 


Typical sensitivity with gain set at 3.9 k 
Centering 1 ypica sitivity with gain s 


. is 1.5 mV/gauss. Servo motor controls magnetic 
Adjust 10 k | —. field about sensor. 


FIGURE 20 — INFRARED LATCHED TWO POSITION 


SERVO SYSTEM FIGURE 21 — DIGITAL TWO POSITION SERVO SYSTEM 
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Latch 1 — Activates Drive A 

Drive B 


0 — Activates Drive B 


Over-Current monitor (not shown) shuts down 
| servo when end stop is reached. 


Over-current monitor (not shown) shuts Gown 
servo when end stop is reached. 


FIGURE 22 — 0.25 Hz SQUARE-WAVE FIGURE 23 — SECOND ORDER LOW-PASS ACTIVE FILTER 
SERVO AGITATOR 
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FIGURE 24 — NOTCH FILTER FIGURE 25 — DIFFERENTIAL INPUT AMPLIFIER 
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FIGURE 26 — TEMPERATURE SENSING SERVO SYSTEM FIGURE 27 — BRIDGE AMPLIFIER 
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In this application the servo motor drives the Vpin6 = a (Va—Vp) 


heat/air conditioner modulator door in a duct system. 


FIGURE 28 — REMOTE LATCHED SHUTDOWN FIGURE 29 — POWER H-SWITCH BUFFER 


v 
re ~ VE(D1)* VeiD2) - VBE(ON Cia 
'MOTOR ~ !DRVimax) 


From Drive 
Outputs 

A direction change signal is required at Pins BO 
2 or 3 to reset the over-current latch. 


This circuit maintains the brake and over-current 
features of the MC33030. Set Roc to 15 k for 
IDRV(max) ~ 0-5 A. 
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FIGURE 30 — ADJUSTABLE PRESSURE DIFFERENTIAL REGULATOR 
Vec = 12V Gas Flow 
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FIGURE 31 — SWITCHING MOTOR CONTROLLER WITH BUFFERED OUTPUT 
AND TACH FEEDBACK 


FIGURE 32 — SWITCHING MOTOR CONTROLLER WITH BUFFERED OUTPUT 
AND BACK EMF SENSING 
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m= SEMICONDUCTOR oxy 
TECHNICAL DATA 


Advance Information 


BRUSHLESS DC 


BRUSHLESS DC MOTOR CONTROLLER MOTOR CONTROLLER 
The MC33033 is a high performance second generation, limited fea- SILICON MONOLITHIC 
ture, monolithic brushless DC motor controller which has evolved from INTEGRATED CIRCUIT 


Motorola’s full featured MC33034 and MC33035 controllers. {t contains 
all of the active functions required for the implementation of open-loop, 
three or four phase motor control. The device consists of a rotor position 
decoder for proper commutation sequencing, temperature compen- 
sated reference capable of supplying sensor power, frequency pro- 
grammable sawtooth oscillator, fully accessible error amplifier, pulse 
width modulator comparator, three open collector top drivers, and three 
high current totem pole bottom drivers ideally suited for driving power 
MOSFETs. Unlike its predessors, it does not feature separate drive cir- 
cuit supply and ground pins, brake input, or fault output signal. 

Included in the MC33033 are protective features consisting of under- P SUFFIX 
voltage lockout, cycle-by-cycle current limiting with a selectable time PLASTIC PACKAGE 
delayed latched shutdown mode, and internal thermal shutdown. CASE 738 

Typical motor contro! functions include open-loop speed, forward or 
reverse direction, and run enable. The MC33033 is designed to operate 
brushless motors with electrical sensor phasings of 60°/300° or 120°/ 
240°, and can also efficiently contro! brush DC motors. 


@ 10 V to 30 V Operation 

@ Undervoltage Lockout 

@ 6.25 V Reference Capable of Supplying Sensor Power 
e 


Fully Accessible Error Amplifier for Closed-Loop Servo DW SUFFIX 
Applications PLASTIC PACKAGE 
High Current Drivers can Control MPM3003 MOSFET 3-Phase Bridge Bene hie 


e 
@ Cycle-By-Cycle Current Limiting 
@ Internal Thermal Shutdown 
e 
e 


Selectable 60°/300° or 120°/240° Sensor Phasings 


Also Efficiently Controls Brush DC Motors with MPM3002 MOSFET PIN CONNECTIONS 
H-Bridge 


Top Drive 
Output 


Position 


Decoder Bottom 


Drive 
Outputs 


FWRIREV 
60 /120 
Enable 


Reference Output 


Oscillator 8 | 
Error Amp Non- Current Sense 
Inverting Input 9 | Inverting Input 


Error Amp Error Amp Qut/ 
Inverting Input 4] PWM Input 


OUTPUT BUFFERS 


(Top View) 


ORDERING INFORMATION 


Operating Ambient 
Device Temperature Range| Package 
MC33033P -— 40°C to +85°C | Plastic DIP 
MC33033DW —40°C to +85°C SO-20L 


Sense 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATINGS 


Rating YS] 


Digital inputs (Pins 3, 4, 5, 6, 18, 19) Pa ee ae 
Oscillator input Current (Source or Sink) osc 
10 


CC 
Error Amp Input Voltage Range ViR —3.0 to Vref 
(Pins 9, 10, Note 1) 
Error Amp Output Current 
(Source or Sink, Note 2) 


Power Dissipation and Thermal Characteristics 
Maximum Power Dissipation @ Ta = 85°C 
Thermal Resistance, Junction to Air 


Operating Junction Temperature 
Operating Ambient Temperature Range Ta 
Storage Temperature Range Tstq 


ELECTRICAL CHARACTERISTICS (Vcc = 20 V, Rt = 4.7 k, CT = 10 nF, Ta = 25°C unless otherwise noted) 
Characteristic Symbol Min i” Typ Max Unit 


REFERENCE SECTION 


Reference Output Voltage (irg¢ = 1.0 mA) 

Ta = 25°C 

Ta = —40°C to +85°C 
Line Regulation (Vcc = 10 V to 30 V, Iref = 1.0 mA) 
Load Regulation (lpef = 1.0 mA to 20 mA) 


Output Short-Circuit Current (Note 3) 


Vref 


Reference Under Voltage Lockout Threshold 
ERROR AMPLIFIER 


Input Offset Voltage (Ta = -40°C to +85°C} 


Input Offset Current (Ta = -— 40°C to +85°C) 
Input Bias Current (Ta = --40°C to +85°C) 


Input Common Mode Voltage Range 

Open-Loop Voltage Gain (Vo = 3.0 V, Rt = 15k) 
Eel accede 
Input Common Mode Rejection Ratio 


Power Supply Rejection Ratio (Vcc = 10 V to 30 V) 


Output Voltage Swing 

High State (RL = 15 k to Ground) 
Low State (Ri = 15 k to Vref) 
NOTES: 

1. The input common mode voltage or input signal voltage should not be allowed to go negative by more than 0.3 V. 

2. The compliance voltage must not exceed the range of — 0.3 to Vref. 

3. Maximum package power dissipation limits must be observed. 
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ELECTRICAL CHARACTERISTICS (continued) (Vcc = 20 V, Rt = 4.7k, CT = 10 nF, Ta = 25°C unless otherwise noted) 


[| haracteristic | Symbot | min | tye | Max [unit _ | 


OSCILLATOR SECTION 


LOGIC INPUTS 


Input Threshold Voltage (Pins 3, 4, 5, 6, 18, 19) 
High State 
Low State 


Sensor Inputs (Pins 4, 5, 6) 
High State Input Current (Vy = 5.0 V) 
Low State Input Current (Vii = 0 V) 


Forward/Reverse, 60°/120° Select and Output Enable (Pins 3, 18, 19) 
High State Input Current (Vijy = 5.0 V) 
Low State Input Current (Vip = 0 V) 


CURRENT-LIMIT COMPARATOR 


Threshold Voltage 


Input Common Mode Voltage Range 


Input Bias Current | ip | 


OUTPUTS AND POWER SECTIONS 


To Drive Output Sink Saturation (lsink = 25 MA) 
Top Drive Output Off-State Leakage (VcE = 30 V} 


Top Drive Output Switching Time (Cy, = 47 pF, RL = 1.0 k) 
Rise Time 
Fall Time 


Bottom Drive Output Voltage 
High State (Vcc = 30 V, lsource = 50 mA) 
Low State (Vcc = 30 V, Isink = 50 mA) 


Bottom Drive Output Switching Time (CL = 1000 pF) 
Rise Time 
Fall Time 


Under Voltage Lockout 
Drive Output Enabled (Vcc increasing) 


| Hysteresis 


Power Supply Current 
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FIGURE 1 — OSCILLATOR FREQUENCY versus 
TIMING RESISTOR 


fosc, OSCILLATOR FREQUENCY {kHz} 


Ry, TIMING RESISTOR (k$2} 


FIGURE 3 — ERROR AMP OPEN-LOOP GAIN AND 
PHASE versus FREQUENCY 


NOTE UT TTT 
ma stilll CE TAT 


Ayo_, OPEN-LOOP VOLTAGE GAIN (dB) 


f, FREQUENCY (Hz) 


FIGURE 5 — ERROR AMP SMALL-SIGNAL 
TRANSIENT RESPONSE 


Ay = +1.0 
No Load 
Ta = 25°C 


Vo, OUTPUT VOLTAGE (V) 
a bead 
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FIGURE 2 — OSCILLATOR FREQUENCY CHANGE 
versus TEMPERATURE 


Afogc, OSCILLATOR FREQUENCY CHANGE (%) 


0 
— 55 ~25 0 25 50 75 100 125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — ERROR AMP OUTPUT SATURATION 
VOLTAGE versus LOAD CURRENT 


Vgat- OUTPUT SATURATION VOLTAGE {V) 


0 1.0 2.0 3.0 4.0 5.0 
Io, OUTPUT LOAD CURRENT (mA) 


FIGURE 6 — ERROR AMP LARGE-SIGNAL 
TRANSIENT RESPONSE 


Vo, OUTPUT VOLTAGE (V} 
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FIGURE 7 — REFERENCE OUTPUT VOLTAGE CHANGE 
versus OUTPUT SOURCE CURRENT 


Vcc = 20V 
Ta = 25°C 


teal 
lea ela 
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AVyef. REFERENCE OUTPUT VOLTAGE CHANGE (mV) 


FIGURE 9 — REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 


Vcc 
ie No Load 
.. 


~25 0 25 50 rhs) 
Ta, AMBIENT TEMPERATURE (°C) 


Vref, NORMALIZED REFERENCE VOLTAGE CHANGE (mV) 


FIGURE 11 — BOTTOM DRIVE RESPONSE TIME versus 
CURRENT SENSE INPUT VOLTAGE 


ty_. BOTTOM DRIVE RESPONSE TIME (ns) 


3.0 40 


5.0 60 7.0 809.010 
CURRENT SENSE INPUT VOLTAGE (NORMALIZED TO Vip) 


FIGURE 8 — REFERENCE OUTPUT VOLTAGE 
versus SUPPLY VOLTAGE 


- 
2 
a 


= 
= 
= 
3 
|_| 
|_| 
ae 
4 
|_| 
= 
No 
Ta 


ied 
A 


Vref. REFERENCE OUTPUT VOLTAGE (V} 


Vcc, SUPPLY VOLTAGE (V} 


FIGURE 10 — OUTPUT DUTY CYCLE versus 
PWM INPUT VOLTAGE 


OUTPUT DUTY CYCLE (%} 


ge aloe ISS 
BRECeReEea 
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PWM INPUT VOLTAGE {V) 


FIGURE 12 — TOP DRIVE OUTPUT SATURATION 
VOLTAGE versus SINK CURRENT 


Vet: OUTPUT SATURATION VOLTAGE (V) 


Isink: SINK er mA 
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FIGURE 13 — TOP DRIVE OUTPUT WAVEFORM FIGURE 14 — BOTTOM DRIVE OUTPUT WAVEFORM 


50 ns DIV 


Vo, OUTPUT VOLTAGE 


50 ns:DIV 


FIGURE 15 — BOTTOM DRIVE OUTPUT WAVEFORM FIGURE 16 — BOTTOM DRIVE OUTPUT SATURATION 


50 ns DIV 


VOLTAGE versus LOAD CURRENT 


Source Saturation 
(Load to Ground) 


Sink Saturation 
(Load to Vec) 


Veat, OUTPUT SATURATION VOLTAGE (V} 


0 20 40 60 80 
lg, OUTPUT LOAD CURRENT (mA) 


FIGURE 17 — SUPPLY CURRENT versus VOLTAGE 


lec, POWER SUPPLY CURRENT (mA} 


Pins 18, 19 = Open 
Ta = 25°C 
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PIN FUNCTION DESCRIPTION 


10 


11 


12 


13 


14 


15, 16, 17 


18 


19 


Function | Description : 


Br, AT, CT 


FWD/REV 


Sa, SB, Sc 
Reference Output 


Oscillator 


Error Amp 
(Noninverting Input) 


Error Amp 
(Inverting Input) 


Error Amp Output/PWM 
Input 


Current Sense 
(Noninverting Input) 
Ground 

Vec 


Cp, Bg. Ag 


60°/120° Select 


Output Enable 


Je. 


These three open collector Top Drive Outputs are designed to drive the 
external upper power switch transistors. 


The Forward/Reverse Input is used to change the direction of motor 
rotation. 


These three Sensor Inputs control the commutation sequence. 


This output provides charging current for the oscillator timing capacitor 
Cy and a reference for the error amplifier. It may also serve to furnish 
sensor power. 


The Oscillator frequency is programmed by the values selected for the 
timing components, Rt and Cr. 


This input is normally connected to the speed set potentiometer. 


This input is normally connected to the Error Amp Output in open-loop 
applications. 


This pin is available for compensation in closed-loop applications. 


A 100 mV signal, with respect to Pin 13, at this input terminates output 
switch conduction during a given oscillator cycle. This pin normally 
connects to the top side of the current sense resistor. 


This pin supplies a separate ground return for the control circuit and 
should be referenced back to the power source ground. 


This pin is the positive supply of the control IC. The controller is 
functional over a Vcc range of 10 V to 30 V. 


These three totem pole Bottom Drive Outputs are designed for direct 
drive of the external bottom power switch transistors. 


The electrical state of this pin configures the control circuit operation 
for either 60° (high state) or 120° (low state) sensor electrical phasing 
inputs. 


A logic high at this input causes the motor to run, while a low causes it 
to coast. 
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INTRODUCTION 

The MC33033 is one of a series of high performance 
monolithic DC brushless motor controllers produced by 
Motorola. It contains all of the functions required to 
implement a limited-feature, open-loop, three or four 
phase motor control system. Constructed with Bipolar 
Analog technology, it offers a high degree of perfor- 
mance and ruggedness in hostile industrial environ- 
ments. The MC33033 contains a rotor position decoder 
for proper commutation sequencing, a temperature 
compensated reference capable of supplying sensor 
power, a frequency programmable sawtooth oscillator, 
a fully accessible error amplifier, a pulse width modu- 
lator comparator, three open collector top drive outputs, 
and three high current totem pole bottom driver outputs 
ideally suited for driving power MOSFETs. 

Included in the MC33033 are protective features con- 
sisting of undervoltage lockout, cycle by cycle current 
limiting with a latched shutdown mode, and internal 
thermal shutdown. 

Typical motor control functions include open-loop 
speed control, forward or reverse rotation, and run ena- 
ble. In addition, the MC33033 has a 60°/120° select pin 
which configures the rotor position decoder for either 
60° or 120° sensor electrical phasing inputs. 


FUNCTIONAL DESCRIPTION 

A representative internal block diagram is shown in 
Figure 18, with various applications shown in Figures 
34, 36, 37, 41, 43, and 44. A discussion of the features 
and function of each of the internal blocks given below 
and referenced to Figures 18 and 36. 


Rotor Position Decoder 

An internal rotor position decoder monitors the three 
sensor inputs (Pins 4, 5, 6) to provide the proper 
sequencing of the top and bottom drive outputs. The 
sensor inputs are designed to interface directly with 
open collector type Hall Effect switches or opto slotted 
couplers. Internal pull-up resistors are included to min- 
imize the required number of external components. The 
inputs are TTL compatible, with their thresholds typi- 
cally at 2.2 volts. The MC33033 series is designed to 
control three phase motors and operate with four of the 
most common conventions of sensor phasing. A 60°/ 
120° select (Pin 18) is conveniently provided which 
affords the MC33033 to configure itself to control 
motors having either 60°, 120°, 240° or 300° electrical 
sensor phasing. With three sensor inputs there are eight 
possible input code combinations, six of which are valid 
rotor positions. The remaining two codes are invalid 
and are usually caused by an open or shorted sensor 
line. With six valid input codes, the decoder can resolve 
the motor rotor position to within a window of 60 elec- 
trical degrees. 

The forward/reverse input (Pin 3) is used to change 
the direction of motor rotation by reversing the voltage 
across the stator winding. When the input changes 
state, from high to low with a given sensor input code 
(for example 100}, the enabled top and bottom drive 
outputs with the same alpha designation are exchanged 


(AT to Ag, BT to Bg, CT to Cg). In effect the commutation 
sequence is reversed and the motor changes directional 
rotation. 

Motor on/off control is accomplished by the output 
enable (Pin 19). When left disconnected, an internal pull- 
up resistor to a positive source, enables sequencing of 
the top and bottom drive outputs. When grounded, the 
top drive outputs turn off and the bottom drives are 
forced low, causing the motor to coast. 

The commutation togic truth table is shown in Fig- 
ure 19. In half wave motor drive applications, the top 
drive outputs are not required and are typically left 
disconnected. 


Error Amplifier 

A high performance, fully compensated error ampli- 
fier with access to both inputs and output (Pins 9, 10, 
11) is provided to facilitate the implementation of 
closed-loop motor speed control. The amplifier features 
a typical DC voltage gain of 80 dB, 0.6 MHz gain 
bandwidth, and a wide input common mode voltage 
range that extends from ground to Vref. In most open- 
loop speed control applications, the amplifier is confi- 
gured as a unity gain voltage follower with the non- 
inverting input connected to the speed set voltage 
source. Additional configurations are shown in Figures 
29 through 33. 


Oscillator 

The frequency of the internal ramp oscillator is pro- 
grammed by the values selected for timing components 
Ry and Cr. Capacitor Cy is charged from the reference 
output (Pin 7) through resistor R~ and discharged by 
an internal discharge transistor. The ramp peak and val- 
ley voltages are typically 4.1 V and 1.5 V respectively. 
To provide a good compromise between audible noise 
and output switching efficiency, an oscillator frequency 
in the range of 20 kHz to 30 kHz is recommended. Refer 
to Figure 1 for component selection. 


Pulse Width Modulator 

The use of pulse width modulation provides an 
energy efficient method of controlling the motor speed 
by varying the average voltage applied to each stator 
winding during the commutation sequence. As CT dis- 
charges, the oscillator sets both latches, allowing con- 
duction of the top and bottom drive outputs. The PWM 
comparator resets the upper latch, terminating the bot- 
tom drive output conduction when the positive-going 
ramp of CT becomes greater than the error amplifier 
output. The pulse width modulator timing diagram is 
shown in Figure 20. Pulse width modulation for speed 
control appears only at the bottom drive outputs. 


Current Limit 

Continuous operation of a motor that is severely over- 
loaded results in overheating and eventual failure. This 
destructive condition can best be prevented with the 
use of cycle-by-cycle current limiting. That is, each on- 
cycle is treated as a separate event. Cycle-by-cycle cur- 
rent limiting is accomplished by monitoring the stator 
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FIGURE 18 — REPRESENTATIVE BLOCK DIAGRAM 
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FIGURE 19 — THREE PHASE, SIX STEP COMMUTATION TRUTH TABLE (Note 1) 


Inputs (Note 2) Outputs (Note 3) 
| Sensor Electrical Phasing (Note 4) Top Drives Bottom Drives 
60° 120° 1 Current 
i_Sa Sg Sc { Sa Sg Sc + F/R Enable Sense AB BB Cp | 
4 0 0 1 0 0 1 1 0 0 1 1 0 0 1 (Note 5) 
i! 1 0 1 1 0 1 1 0 1 0 1 0 0 1 FR = 1 
1 1 1 0 1 0 1 1 0 1 0 i] 1 0 0 
0 1 1 0 1 1 1 1 0 1 1 0 1 0 0 
0 0 1 0 0 1 1 1 0 1 1 0 0 1 0 
[_ 0 0 0 | 1 0 1 4 1 1 is) 0 1 1 } 0 1 0 4. | 
1 0 0 1 0 0 0 1 0 1 1 0 1 0 0 (Note 5) 
1 1 0 1 1 0 0 1 0 1 1 0 0 1 0 F/R = 0 
1 1 1 0 1 0 0 1 0 0 1 1 0 1 0 
0 1 J 0 1 1 0 1 0 0 1 1 0 0 1 
0 0 1 0 0 a 0 1 0 1 Q 1 0 0 1 
0 0 0 - 1 0 1 iT 0 1 0 1 0 1 L } 10) 0 1 
1 0 1 1 1 } X x x 1 1 1 0 0 0 (Note 6) 
0 1 0 0 0 0 i x x x 1 1 1 0 0 0 
= aaa ae <I 
L Vv Vv Vv | Vv Vv Vv a x 10) x 1 1 1 -; 0 0 0 Gals (Note 7) _| 
Lv Vv vi[ ov Vv Vv x 1 1 1 1 i | 0 0 o | __ (Note 8) 
NOTES: 


1. V = Any one of six valid sensor or drive combinations. 
X = Don’t care. 

2. The digital inputs (Pins 3, 4, 5, 6, 18, 19) are ali TTL compatible. The current sense input (Pin 12) has a 100 mV threshold with respect to Pin 13. 
A Jogic 0 for this input is defined as < 85 mV, and a logic 1 is > 115 mV. 

3. The top drive outputs are open collector design and active in the low (0) state. 

4. With 60°/120° select (Pin 18) in the high (1} state, configuration is for 60° sensor electrical phasing inputs. With Pin 18 in the low (0) state, configuration 

is for 120° sensor electrical phasing inputs. 

. Valid 60° or 120° sensor combinations for corresponding valid top and bottom drive outputs. 

. Invalid sensor inputs; All top and bottom drives are off. 

. Valid sensor inputs with enable = 0; All top and bottom drives are off. 

. Valid sensor inputs with enable and current sense = 1; Afl top and bottom drives are off. 


Onan 
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current build-up each time an output switch conducts, 
and upon sensing an over current condition, immedi- 
ately turning off the switch and holding it off for the 
remaining duration of the oscillator ramp-up period. 
The stator current is converted to a voltage by inserting 
a ground-referenced sense resistor Rg (Figure 34) in 
series with the three bottom switch transistors (Q4, Q5, 
Q6). The voltage developed across the sense resistor is 
monitored by the current sense input (Pin 12), and com- 
pared to the internal 100 mV reference. If the current 
sense threshold is exceeded, the comparator resets the 
lower latch and terminates output switch conduction. 
The value for the sense resistor is: 
0.1 


S= lesaraciowen' 
’ stator(max) 


The dual-latch PWM configuration ensures that only 
one single output conduction pulse occurs during any 
given oscillator cycle, whether terminated by the output 
of the error amp or the current limit comparator. 


Reference 

The on-chip 6.25 V regulator (Pin 7) provides charging 
current for the oscillator timing capacitor, a reference 
for the error amplifier, and can supply 20 mA of current 
suitable for directly powering sensors in low voltage 
applications. In higher voltage applications it may 
become necessary to transfer the power dissipeted by 
the regulator off the IC. This is easily accomplished with 
the addition of an external pass transistor as shown in 
Figure 21. A 6.25 V reference level was chosen to allow 
implementation of the simpler NPN circuit, where Vre¢ 
— Vp_E exceeds the minimum voltage required by Hall 
Effect sensors over temperature. With proper transistor 
selection, and adequate heatsinking, up to one amp of 
load current can be obtained. 


Undervoltage Lockout 

A dual Undervoltage Lockout has been incorporated 
to prevent damage to the IC and the external power 
switch transistors. Under low power supply conditions, 


it guarantees that the IC and sensors are fully functional, 
and that there is sufficient bottom drive output voltage. 
The positive power supply to the IC (Vcc) is monitored 
to a threshold of 8.9 V. This level ensures sufficient gate 
drive necessary to attain low rps(on) when interfacing 
with standard power MOSFET devices. When directly 
powering the Hail sensors from the reference, improper 
sensor operation can result if the reference output volt- 
age should fall below 4.5 V. If one or both of the com- 
Pparators detects an undervoltage condition, the top 
drives are turned off and the bottom drive outputs are 
held in a low state. Each of the comparators contain 
hysteresis to prevent oscillations when crossing their 
respective thresholds. 


FIGURE 21 — REFERENCE OUTPUT BUFFERS 


Control 
Sensor Circuitry 
Power 6.25 V 
=5.6V 


To Control Circuitry 
and Sensor Power 
6.25 V 


The NPN circuit is recommended for powering Hall or opto sensors, 
where the output voltage temperature coefficient is not critical. The 
PNP circuit is slightly more complex, but also more accurate. Neither 
circuit has current limiting. 


FIGURE 20 — PWM TIMING DIAGRAM 
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FIGURE 22 — HIGH VOLTAGE INTERFACE WITH 
NPN POWER TRANSISTORS 


FIGURE 23 — HIGH VOLTAGE INTERFACE WITH 
‘N’ CHANNEL POWER MOSFETs 
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Transistor Q1 is a common base stage used to level shift from Vcc to 
the high motor voltage, Vjy. The collector diode is required if Vcc is 
present while Viy is low. 


FIGURE 24 — CURRENT WAVEFORM SPIKE SUPPRESSION 


Series gate resistor Rg will damp any high frequency oscillations caused 
by the MOSFET input capacitance and any series wiring induction in 
the gate-source circuit. Diode D is required if the negative current into 
the Bottom Drive Outputs exceeds 50 mA. 


The addition of the RC filter will eliminate current-limit instability caused 
by the leading edge spike on the current waveform. Resistor Rs should 
be a low inductance type. 


FIGURE 27 — CURRENT SENSING POWER MOSFETs 


FIGURE 26 — BIPOLAR TRANSISTOR DRIVE 
D] SENSEFET 


Power Ground: 
To input Source Return 


Base Charge 
Removal 


The totem pole output can furnish negative base current for enhanced 
transistor turn-off, with the addition of capacitor C. 


Rg * pk * DS(on) 
'DM(on) + Rs 
If: SENSEFET = MPT10N10M 


VPin 9 = 


J: 


Rs = 2000, 1/4W 
Then: Vpin 9 ~ 0.75 Ink 


Virtually lossless current sensing can be achieved with the implemen- 
tation of SENSEFET power switches. 
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FIGURE 28 — HIGH VOLTAGE BOOST SUPPLY 


Boost Current (mA) 
3 1.0 4/200 V 
+ 


* 
18 k Vm = 170V 


This circuit generates Vgoost for Figure 23. 


FIGURE 30 — CONTROLLED ACCELERATION/DECELERATION 


Increase 
= | Speed 


Resistor R1 with capacitor C sets the acceleration time constant while 
R2 contrals the deceleration. The values of R1 and R2 should be at least 
ten times greater than the speed set potentiometer to minimize time 
constant variations with different speed settings. 


FIGURE 32 — CLOSED LOOP SPEED CONTROL 


To Sensor 
Input (Pin 4) 
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The rotor position sensors can be used as a tachometer. By differen- 
tiating the positive-going edges and then integrating them over time, 
a voltage proportional to speed can be generated. The error amp com- 
pares this voltage to that of the speed set to control the PWM. 
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FIGURE 29 — DIFFERENTIAL INPUT SPEED CONTROLLER 
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FIGURE 31 — DIGITAL SPEED CONTROLLER 


BCD 
Inputs 


SN74LS145 


The SN74LS145 is an open collector BCD to One of Ten decoder. When 
connected as shown, input codes 0000 through 1001 steps the PWM in 
increments of approximately 10% from 0 to 90% on-time. Input codes 
1010 through 1111 will produce 100% on-time or full motor speed. 


FIGURE 33 — CLOSED LOOP TEMPERATURE CONTROL 


This circuit can control the speed of a cooling fan proportional to the 
difference between the sensor and set temperatures. The control loop 
is closed as the forced air cools the NTC thermistor. For controlled 
heating applications, exchange the positions of R1 and R2. 
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Drive Outputs 

The three top drive outputs (Pins 1, 2, 20) are open 
collector NPN transistors capable of sinking 50 mA with 
a minimum breakdown of 30 volts. interfacing into 
higher voltage applications is easily accomplished with 
the circuits shown in Figures 22 and 23. 

The three totem pole bottom drive outputs (Pins 15, 
16, 17) are particularly suited for direct drive of ‘N’ chan- 
ne! MOSFETs or NPN bipolar transistors (Figures 24, 25, 
26 and 27). Each output is capable of sourcing and sink- 
ing up to 100 mA. 


Thermat Shutdown 

Internal thermal shutdown circuitry is provided to 
protect the IC in the event the maximum junction tem- 
perature is exceeded. When activated, typically at 170°C, 
the IC acts as though the regulator was disabled, in turn 
shutting down the IC. 


SYSTEM APPLICATIONS 


Three Phase Motor Commutation 

The three phase application shown in Figure 34 is an 
open-loop motor controller with full wave, six step 
drive. The upper power switch transistors are Darling- 


ton PNPs while the lower switches are ‘N’ channel 
power MOSFETs. Each of these devices contains an 
internal parasitic catch diode that is used to return the 
stator inductive energy back to the power supply. The 
outputs are capable of driving a delta or wye connected 
stator, and a grounded neutral wye if split supplies are 
used. At any given rotor position, only one top and one 
bottom power switch (of different totem poles) is ena- 
bled. This configuration switches both ends of the stator 
winding from supply to ground which causes the cur- 
rent flow to be bidirectional or full wave. A leading edge 
spike is usually present on the current waveform and 
can cause a current-limit error. The spike can be elim- 
inated by adding an RC filter in series with the current 
sense input. Using a low inductance type resistor for 
Rs will also aid in spike reduction. Figure 35 shows the 
commutation waveforms over two electrical cycles. The 
first cycle (0° to 360°) depicts motor operation at full 
speed while the second cycle (360° to 720°) shows a 
reduced speed with about 50 percent pulse width mod- 
ulation. The current waveforms reflect a constant torque 
load and are shown synchronous to the commutation 
frequency for clarity. 


FIGURE 34 — THREE PHASE, Six STEP, FULL WAVE MOTOR CONTROLLER 
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FIGURE 35 — THREE PHASE, SIX STEP, FULL WAVE COMMUTATION WAVEFORMS 
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Figure 36 shows a three phase, three step, half wave with a given stator winding. Current flow is unidirec- 
| motor controller. This configuration is ideally suited for tional or half wave because only one end of each wind- 
| automobile and other low voltage applications since ing is switched. The stator flyback voltage is clamped 
| there is only one power switch voltage drop in series by a single zener and three diodes. 


FIGURE 36 — THREE PHASE, THREE STEP, HALF WAVE MOTOR CONTROLLER 
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Three Phase Closed Loop Controller 

The MC33033, by itself, is capable of open loop motor 
speed control. For closed loop speed control, the 
MC33033 requires an input voltage proportional to the 
motor speed. Traditionally this has been accomplished 
by means of a tachometer to generate the motor speed 
feedback voltage. Figure 37 shows an application 
whereby an MC33039, powered from the 6.25 volt ref- 
erence (Pin 7) of the MC33033, is used to generate the 
required feedback voltage without the need of a costly 
tachometer. The same Hall sensor signals used by the 
MC33033 for rotor position decoding are utilized by the 
MC33039. Every positive or negative going transition of 
the Hall sensor signals on any of the sensor lines causes 
the MC33039 to produce an output pulse of defined 
amplitude and time duration, as determined by the 
external resistor R1 and capacitor C1. The resulting out- 


put train of pulses present at Pin 5 of the MC33039 are 
integrated by the error amplifier of the MC33033 con- 
figured as an integrator, to produce a DC voltage !evel 
which is proportional to the motor speed. This speed 
proportional voltage establishes the PWM reference 
level at Pin 11 of the MC33033 motor controller and 
completes or closes the feedback loop. The MC33033 
outputs drive an MPM3003 TMOS power MOSFET 3- 
phase bridge circuit which is capable of delivering up 
to 25 Amperes of surge current. High current can be 
expected during conditions of start-up and when chang- 
ing direction of the motor. 

The system shown in Figure 37 is designed for a 
motor having 120/240 degrees Hall sensor electrical 
phasing. The system can easily be modified to accom- 
modate 60/300 degree Halli sensor electrical phasing by 
removing the jumper (J1) at Pin 18 of the MC33033. 


FIGURE 37 — CLOSED LOOP BRUSHLESS DC MOTOR CONTROL 
WITH THE MC33033 USING THE MC33039 AND MC3003 
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Sensor Phasing Comparison 

There are four conventions used to establish the re!- 
ative phasing of the sensor signals in three phase 
motors. With six step drive, an input signal change must 
occur every 60 electrical degrees, however, the relative 
signal phasing is dependent upon the mechanical sen- 
sor placement. A comparison of the conventions in elec- 
trical degrees is shown in Figure 38. From the sensor 
phasing table (Figure 39), note that the order of input 
codes for 60° phasing is the reverse of 300°. This means 
the MC33033, when the 60°/120° select (Pin 18) and the 
FWD/REV (Pin 3) both in the high state (open), is con- 
figured to operate a 60° sensor phasing motor in the 
forward direction. Under the same conditions a 300° 
sensor phasing motor would operate equally weil but 
in the reverse direction. One would simply have to 
reverse the FWD/REV switch (FWD/REV closed) in order 
to cause the 300° motor to also operate in the same 
direction. The same difference exists between the 120° 
and 240° conventions. 


FIGURE 38 — SENSOR PHASING COMPARISON 
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In this data sheet, the rotor position has always been 
given in electrical degrees since the mechanical position 
is a function of the number of rotating magnetic poles. 
The relationship between the electrical and mechanical 
position is: 

#Rotor roles) 
2 


An increase in the number of magnetic poles causes 
more electrical revolutions for a given mechanical rev- 
olution. General purpose three phase motors typically 
contain a four pole rotor which yields two electrical 
revolutions for one mechanical. 


Electrical Degrees = Mechanical Degrees ( 


Two and Four Phase Motor Commutation 

The MC33033 configured for 60° sensor inputs is capa- 
ble of providing a four step output that can be used to 
drive two or four phase motors. The truth table in Figure 
40 shows that by connecting sensor inputs Sg and Sc 
together, it is possible to truncate the number of drive 
Output states from six to four. The output power 
switches are connected to By, Cy, Bp, and Cg. Figure 
41 shows a four phase, four step, full wave motor con- 
trol application. Power switch transistors Q1 through 
Q8 are Darlington type, each with an internal parasitic 
catch diade. With four step drive, only two rotor position 
sensors spaced at 90 electrical degrees are required. 
The commutation waveforms are shown in Figure 42. 

Figure 43 shows a four phase, four step, half wave 
motor controller. It has the same features as the circuit 
in Figure 36, except for the deletion of speed adjust. 


FIGURE 40 — TWO AND FOUR PHASE, FOUR STEP, 
COMMUTATION TRUTH TABLE 
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FIGURE 41 — FOUR PHASE, FOUR STEP, FULL WAVE CONTROLLER 
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FIGURE 42 — FOUR PHASE, FOUR STEP, FULL WAVE COMMUTATION WAVEFORMS 
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FIGURE 43 — FOUR PHASE, FOUR STEP, HALF WAVE MOTOR CONTROLLER 
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Brush Motor Control 

Though the MC33033 was designed to contro! brush- 
less DC motors, it may also be used to contro! DC brush- 
type motors. Figure 44 shows an application of the 
MC33033 driving a Motorola MPM3002 H-bridge afford- 
ing minimal parts count to operate a one-tenth horse- 
power brush-type motor. Key to the operation is the 
input sensor code [100] which produces a top-left (Q1) 
and a bottom-right (Q4) drive when the controller's 
forward/reverse pin is at logic [1]; top-right (Q2), 
bottom-left (Q3) drive is realized when the forward/ 
reverse pin is at logic [0]. This code supports the require- 
ments necessary for H-bridge drive accomplishing both 
direction and speed control. 


The controller functions in a normal manner with a 
pulse-width-modulated frequency of approximately 
25 kHz. Motor speed is controlled by adjusting the volt- 
age presented to the non-inverting input of the error 
amplifier establishing the PWM's slice or reference 
level. Cycle-by-cycle current limiting of 3.0 amperes 
motor current is accomplished by sensing the voltage 
(100 mV threshold) across the 47 Ohm resistor to 
ground of the H-bridge motor current. The over current 
sense circuit makes it possible to reverse the direction 
of the motor, on the fly, using the normal forward/ 
reverse switch, and not have to completely stop before 
reversing. 


FIGURE 44 — H-BRIDGE BRUSH-TYPE CONTROLLER 
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LAYOUT CONSIDERATIONS 

Do not attempt to construct any of the motor control 
circuits on wire-wrap or plug-in prototype boards. High 
frequency printed circuit layout techniques are imper- 
ative to prevent pulse jitter. This is usually caused by 
excessive noise pick-up imposed on the current sense 
or error amp inputs. The printed circuit layout should 
contain a ground plane with low current signal and high 
drive and output buffer grounds returning on separate 
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*Single Package MPM3002 MOSFET H-Bridge 
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paths back to the power supply input filter capacitor 
Vm. Ceramic bypass capacitors (0.01 yF) connected 
close to the integrated circuit at Vcc, Vref and error 
ampliflier non-inverting input may be required depend- 
ing upon circuit layout. This provides a low impedance 
path for filtering any high frequency noise. All high cur- 
rent loops should be kept as short as possible using 
heavy copper runs to minimize radiated EMI. 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-55 


MOTOROLA 
m= SEMICONDUCTOR ox 
TECHNICAL DATA 


BRUSHLESS DC MOTOR CONTROLLER 


The MC33034 series is a high performance monolithic brushless 
motor controller containing ail of the active functions required to 
implement a full featured open-loop three or four phase motor 
control system. These devices consist of a rotor position decoder 
for proper commutation sequencing, temperature compensated 
reference capable of supplying sensor power, frequency pro- 
grammable sawtooth oscillator, fully accessible error amplifier, 
pulse width modulator comparator, three open collector top driv- 
ers, and three high current totem pole bottom drivers ideally 
suited for driving power MOSFETs. 

Also included are protective features consisting of undervoltage 
lockout, cycle-by-cycle current limiting with a selectable time 
delayed latched shutdown mode, internal thermal shutdown, and 
a unique fault output that can be interfaced into microprocessor 
controlled systems. 

_ Typical motor control functions include open-loop speed, for- 
ward or reverse direction, run enable, and dynamic braking. 

The MC33034P60 and MC33034P120 are designed to operate 
with an electrical sensor phasing of 60°/300° and 120°/240° 
respectively. 


®@ 10 V to 40 V Operation 

Undervoltage Lockout 

6.25 V Reference Capable of Supplying Sensor Power 
Fully Accessible Error Amplifier for Servo Applications 
High Current Totem Pole Bottom Drivers 
Cycle-By-Cycle Current Limiting 

Internal Thermal Shutdown 


OUTPUT BUFFERS 


SENSEFET is a trademark of Motorola. 


BRUSHLESS DC 
MOTOR CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


“ps SUFFIX 
PLASTIC PACKAGE 
CASE 724 


DW SUFFIX 
PLASTIC ‘PACKAGE 
CASE 751E 
(SO-24L) 


PIN CONNECTIONS 
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(Top View) 


ORDERING INFORMATION 
Sensor 
Electrical 
Package Phasing Device 
MC33034DW60 60°/300° SO-24L 
—_—-—— 

120°/240° $O-24L 
60°/300° Plastic DIP 
MC33034P120 120°/240° Plastic DIP 


Ambient Temperature Range 
= —40°C to +85°C 
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MAXIMUM RATINGS 


[ Rating Symbol ] Value J Unit | 
[ Power Supply Voltage Vcc 1 40 a Vv 
Digital Inputs (Pins 3, 4, 5, 6, 7, 23) Seat Vref ie V 
| Oscillator Input Current (Source or Sink) losc 30 | mA 
| Error Amp Input Voltage Range (Pins 11, 12, Note 1) VIR —0.3 to 40 Vv 
Error Amp Output Current, Source or Sink (Note 2) lout | 10 T mA | 
Current Sense Input Voltage VSense 5.0 | Vv 
Fault Output Voltage VCE(Fault) ; 2 ~#| Vv 
| Fault Output Sink Current ISink(Fault) 2 20 ig mA d 
Top Drive Voltage (Pins 1, 2, 24) VCE(top) 45 1 Vv 
| Top Drive Sink Current (Pins 1, 2, 24) ISink(top} ii 50 ma_| 
Bottom Drive Supply Voltage (Pin 18) Ve if 40 Vv a 
Bottom Drive Output Current, Source or Sink {Pins 19, 20, 21) IDRV } 100 i mA 
power Dissipation and Thermal Characteristics 
Maximum Power Dissipation @ Ta = 85°C Pp 867 mw 
Thermal Resistance Junction to Air Resa 75 {| °Cw | 
[Sern Junction Temperature Ty a +150 °C 
Operating Ambient Temperature Range TA i —40 to +85 °C 7 
Storage Temperature Range Tstg_ | -65to +150} °C | 


ELECTRICAL CHARACTERISTICS (Vcc and Vc = 20 V, Rt = 4.7 


k, Cp = 10 nF, Ta = 25°C unless otherwise noted) 


Characteristic 


| 77 eae 
Symbol i Min Typ Max Unit 


1 


REFERENCE SECTION 

[ Reference Output Voltage (IRef = 1.0 mA) 
Ta = 28°C 

Ta = —40°C to +85°C 
Line Regulation (Vcc = 10 V to 40 V, Iref = 1.0 mA) 
L 


oad Regulation (lref = 1.0 MA to 20 mA) 
Output Short Circuit Current (Note 3) 


V 


5.9 
5.82 : 
4.0 4.5 5.0 Vv 


| 
Vv 


6.25 6.5 


6.57 


Notes: 
1, 
of the common mode voltage range is typically Vcc — 2.0 V, but either or 
destruction, 

. The compliance voltage must not exceed the range of — 0.3 V to Vref. 

. Maximum package power dissipation limits must be observed. 


N 


Reference Under Voltage Lockout Threshold 
ERROR AMPLIFIER 
Input Offset Voltage (Ta = — 40°C to +85°C) Vio tees 2. 10 mV 
Input Offset Current (Ta = -—40 to +85°C) IT) =e 10 L 500 | nA 
Input Bias Current (Ta = —40°C to + 85°C) B _ LL —25 apne 1000 | nA 
Input Common Mode Voltage Range VICR (0 V to Vcc -2.0 V) Vv 
[ Open-Loop Voltage Gain (Vo = 3.0 V, RL = 15k) Avot | 75 95 _ dB 
input Common Made Rejection Ratio CMRR | 55 + 80 — dB 
Power Supply Rejection Ratio (Vcc and Vc = 10 V to 40 V) PSRR 65 95 — dB 
Output Voltage Swing \F Y P Vv 
High State (RL = 15k to Gnd) VOH 4.6 5.4 _ 
|__ Low State (Rp = 15 k to Vref) fe Moe: oe a 7 10 | | 


The input common mode voltage or input signal voltage should not be allowed to go negative by more than 0.3 V. The upper functional limit 


both inputs can go to 40 V, independent of Vcc without device 
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ELECTRICAL CHARACTERISTICS (Vcc and Vc = 20 V, Rt = 4.7k, CT = 10 nF, Ta = 25°C unless otherwise noted) 


OSCILLATOR SECTION 


= 
Oscillator Frequency fosc 21 23.5 26 kHz 
Frequency Change with Voltage (Vcc = 10 V to 40 V) Afgsc/AV i _ 0.1 5.0 % 
Sawtooth Peak Voltage Voscip — 4.0 4.2 V 
ia 

Sawtooth Valley Voltage VOSC(V) 1.2 1.5 _ V 
LOGIC INPUTS 
Input Threshold Voltage (Pins 3, 4, 5, 6, 7, 23) a Ty | Vv | 

High State VIH 2.0 1.4 


Low State ae Vit + — A 1.4 | 08 | 


Sensor Inputs (Pins 4, 5, 6) 
High State Input Current (Vi = 5.0 V) NH ~ 250 ~ 150 -40 


Low State Input Current (Vj) = 0 V} ! ~900 - 600 — 300 
P i y IL 21 if iG ree 


Forward/Reverse and Brake Inputs (Pins 3, 23) 
High State Input Current (Vip = 5.0 V) WH — 150 -88 —25 


Low State Input Current (Vj_ = 0 V) lit —600 — 325 — 150 
5 ann na ES 
Output Enable HA 


High State Input Current (Vip = 5.0 V) WH --70 —40 —10 


Low State Input Current (Vii = 0 V) lit [L_~80 -40 —20 
CURRENT-LIMIT COMPARATOR 


Threshold Voltage Vth 75 100 a 125 mV 
0 —2.0 


input Bias Current (Vin = 0 V to 5.0 V) 1B = 


OUTPUTS AND POWER SECTIONS 
Top Drive Output Sink Saturation (Igink = 25 mA) VCE(sat) _ 0.95 
Top Drive Output Off-State Leakage (VcE = 40 V) IDRV{leak) = 2.0 BA 


Top Drive Output Switching Time (Cy, = 47 pF, Ry = 1.0 k} 
Rise Time F 
Fall Time 
Vv 
Vv : : 


Bottom Drive Output Voltage 
High State (Isgurce = 50 mA) 
Low State (Igink = 50 mA) 


Bottom Drive Output Switching Time (CL, = 1000 pF) 


Rise Time tr _ 75 200 
Fat! Time t _ 65 200 
—— Rael 
Fault Output Sink Saturation (Isink = 16 MA) is VCE(sat) =} 225 500 mV 
Fault Output Off-State Leakage (Vcg = 20 V) IFLTUeak) = 10 | 100 [| yA 
Under Voltage Lockout r Vv 
Drive Outputs Enabled (Vcc or Vc Increasing) Vth(on) 
Hysteresis Vi 
Power Supply Current mA 
Vcc and Vc = 20 V 
Vcc Current (Pin 17) lec 
Vc Current (Pin 18) L Ie 
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FIGURE 1 — OSCILLATOR FREQUENCY versus 
TIMING RESISTOR 
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FIGURE 3 — ERROR AMP OPEN-LOOP GAIN AND 
PHASE versus FREQUENCY 
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FIGURE 5 — ERROR AMP SMALL-SIGNAL 
TRANSIENT RESPONSE 
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FIGURE 2 — OSCILLATOR FREQUENCY CHANGE 
versus TEMPERATURE 
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FIGURE 4 — ERROR AMP OUTPUT SATURATION 
versus LOAD CURRENT 
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FIGURE 6 — ERROR AMP LARGE-SIGNAL 
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FIGURE 7 — REFERENCE OUTPUT VOLTAGE CHANGE 
versus SOURCE CURRENT 
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FIGURE 9 — REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 
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FIGURE 11 — BOTTOM DRIVE RESPONSE TIME versus 
CURRENT SENSE INPUT VOLTAGE 
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FIGURE 8 — REFERENCE OUTPUT VOLTAGE 
versus SUPPLY VOLTAGE 
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FIGURE 10 — OUTPUT DUTY CYCLE versus 
PWM INPUT VOLTAGE 
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FIGURE 12 — FAULT OUTPUT SATURATION 
versus SINK CURRENT 
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Vegt, OUTRUT SATURATION VOLTAGE (V) 
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FIGURE 13 — TOP DRIVE OUTPUT SATURATION 
versus SINK CURRENT FIGURE 14 — TOP DRIVE OUTPUT WAVEFORM 
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FIGURE 15 — BOTTOM DRIVE OUTPUT WAVEFORM FIGURE 16 — BOTTOM DRIVE OUTPUT WAVEFORM 
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PIN FUNCTION DESCRIPTION 


Pin No. Function ie Description 
1, 2, 24 By, At. Cr These three open collector Top Drive Outputs are designed to drive the | 
external upper power switch transistors. 


3 FWD/REV The Forward/Reverse input is used to change the direction of motor 
rotation. 

4,5,6 Sa, Sp, Sc These three Sensor Inputs control the commutation sequence. 

7 Output Enable A logic high at this input causes the motor to run, while a low causes it 
to coast. 

8 Reference Output This output provides charging current for the oscillator timing capacitor 
Cy and a reference for the error amplifier. It can also furnish sensor 
power. 

9 Current Sense Input A 100 mV signal at this input terminates output switch conduction dur- 
ing a given oscillator cycle. 

10 Oscillator The Oscillator frequency is programmed by the values selected for tim- 
ing components RT and Cr. 

11 Error Amp Noninverting This input is normally connected to the speed set potentiometer. 

Input 

12 Error Amp Inverting Input This input is normally connected to the Error Amp Output in open-loop 
applications. 

13 Error Amp Output/PWM This pin is available for compensation in closed-loop applications. 

Input 
14 Fault Output This open collector output is active low during one or more of the fol- 


lowing conditions: Invalid Sensor Input code, Enable Input at logic 0, 
Current Sense Input > 100 mV, Undervoltage Lockout activation, and 
Thermal Shutdown. 


15 Ground This pin is the control circuitry ground return and is connected back to 
the source ground. 


16 Drive Ground This pin is a separate power ground return that is connected back to 
the power source. It reduces the effects of switching transient noise on 
the control circuitry. 


17 Vcc This pin is the positive supply of the control IC. The controller is func- 
tional over a minimum Vcc range of 10 V to 40 V. 


18 Vc The high state (VQ}) of the Bottom Drive Outputs are set by the volt- 
age applied to this pin. The controller is operational over a minimum 
Vc range of 10 V to 40 V. 


19, 20, 21| Cp, Bg, Ap These three totem pole Bottom Drive Outputs are designed for direct 
drive of the external bottom power switch transistors. 
22 N.C. No connection. This pin is not internally connected. 
23 Brake Input A logic low at this input causes the motor to run, while a high causes 
rapid deceleration. 
ae f= = 3 
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FIGURE 19 — REPRESENTATIVE BLOCK DIAGRAM 
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FIGURE 20 — THREE PHASE, SIX STEP COMMUTATION TRUTH TABLE 
[ Inputs (Note 1) Outputs (Note 2) 
as 
Sensor Electrical Top Bottom 
Phasing Drives Drives 
medial —— 
MC33034P60 MC33034P120 
60° 120° Current 
Sa Sp Sc | Sa Sg Sc | F/R Enable Brake Sense | AT Br Cr | Ag Bp Cg Fault 
1 0 0 1 0 0 1 1 0 0 0 1 1 0 0 1 1 “| 
1 1 0 1 1 0 1 1 0 i¢) 1 0 1 0 0 1 1 
1 1 1 0 1 0 1 1 19) 0 1 0 1 1 0 0 1 
0 1 1 0 1 1 1 1 0 0 1 1 0 1 0 0 1 
0 0 1 0 0 1 1 1 0 0 1 1 0 0 1 0 1 
0 0 0 1 0 1 1 1 0 ie) 0 1 1 0 1 0 1 
1 0 O|1 0 o|fo 1 0 0 ae et Ol of 7 | 
1 1 0 1 1 0 0 1 0 0 1 1 0 0 1 0 1 
1 1 1 0 1 0 0 1 0 0 0 1 1 0 1 0 1 
0 1 1 0 1 1 0 1 0 0 0 1 1 0 0 1 1 
0 0 1 0 0 1 0 1 0 0 1 0 1 0 0 1 1 
0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 1 
1 0 1 0 0 0 x Xx 0 x 1 1 1 0 0 0 0 
0 1 0 1 1 1 x x 0 x 1 1 1 0 0 0 0 
x x x x x xX x 0 0 x 1 1 1 0 0 0 0 
Vv Vv Vv Vv Vv Vv x 1 1 0 1 1 1 1 1 1 1 
x xX x x x x x x 1 1 1 1 1 1 1 1 0 
i x x x x x x | Xx x 0 1 1 1 1 0 0 0 0 


Notes: 
1. The digital inputs (Pins 3, 4, 5, 6, 7, 23) are all TTL compatible. The current sense input (Pin 9) has a 100 mV threshold. 
A logic 0 for this input is defined as < 80 mV, and a logic 1 is > 120 mV. 
2. The Fault and top drive outputs are open collectors and are active in the low (0) state. 
3. V = any one of the six valid sensor combinations. 
X = Don't care. 
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iNTRODUCTION 

The Motorola MC33034 is a high performance mon- 
olithic brushless motor controller containing all of the 
active functions required to implement a full featured, 
open-loop, three or four phase motor control system. 
These integrated circuits are constructed with Bipolar 
Analog technology which offers a high degree of per- 
formance and ruggedness in hostile industrial environ- 
ments. The MC33034 consists of a rotor position 
decoder for proper commutation sequencing, temper- 
ature compensated reference capable of supplying sen- 
sor power, frequency programmable sawtooth oscilla- 
tor, fully accessible error amplifier, pulse width 
modulator comparator, three open collector top drivers, 
and three high current totem pole bottom drivers ideally 
suited for driving power MOSFETs. 

Also included are protective features consisting of 
undervoltage lockout, cycle by cycle current limiting 
with a selectable time delayed latched shutdown mode, 
internal thermal shutdown, and a unique Fault output 
that can be interfaced into microprocessor controlled 
systems. 

Typical motor control functions include open-loop 
speed control, forward or reverse direction, run enable, 
and dynamic braking. 


FUNCTIONAL DESCRIPTION 

A representative internal block diagram and a typical 
system application are shown in Figures 19 and 36.A 
discussion of the features and function of each of the 
internal blocks is given below. 


Rotor Position Decoder 

An internal rotor position decoder monitors the three 
sensor inputs (Pins 4, 5, 6) to provide the proper 
sequencing of the top and bottom drive outputs. The 
sensor inputs are designed to interface directly with 
open collector type Hall Effect switches or opto slotted 
couplers. Internal pull-up resistors are included to min- 
imize the required number of external components. The 
inputs are TTL compatible, with the thresholds typically 
at 1.4 volts. The MC33034 series consists of two device 
types, each is designed to control three phase motors 
and operate with two of the four most common con- 
ventions of sensor phasing. The MC33034P60 is 
intended to operate with an electrical sensor phasing 
of 60° or 300° and the MC33034P120 with 120° or 240°. 
With three sensor inputs there are eight possible input 
code combinations, six of these are valid rotor posi- 
tions. The remaining two codes are invalid and are usu- 
ally caused by an open or shorted sensor line. When 
an invalid input condition exists, the Fault output is acti- 
vated and the drive outputs are disabled. With six valid 
input codes, the decoder can resolve the rotor position 
to within a window of 60 electrical degrees. 

The forward/reverse input (Pin 3) is used to change 
the direction of motor rotation by reversing the voltage 
across the stator winding. When this input changes 
state, from high to low with a given sensor input code 
(for example 100), the enabled top and bottom drive 


outputs with the same alpha designation are exchanged 
(AT to Ap, Cg to Cry). In effect the commutation 
sequence is reversed. 

Motor on/off control is accomplished by the output 
enable (Pin 7). When left disconnected, an internal 
40 vA current source enables sequencing of the top 
and bottom drive outputs. When grounded, the top 
drive outputs turn off and the bottom drives are forced 
low, causing the motor to coast and activating the 
Fault output. 

Dynamic motor braking allows an additional margin 
of safety to be designed into the final product. Braking 
is accomplished by placing the brake input (Pin 23) in 
a high state. This causes the top drive outputs to turn 
off and the bottom drives to turn on, shorting the motor- 
generated back EMF. The brake input has unconditional 
priority over all other inputs. The internal 20 kM pull-up 
resistor simplifies interfacing with the system safety- 
switch by ensuring brake activation if opened or dis- 
connected. The commutation truth table is shown in 
Figure 20. A four input AND gate is used to monitor the 
brake input and the three top drive outputs. Its purpose 
is to disable braking until the top drive outputs attain a 
high state. This helps to avoid simultaneous conduction 
of the top and bottom power switches. In half wave 
motor drive applications, the top drive outputs are not 
required and are typically left disconnected. Under 
these conditions braking will be disabled by the AND 
gate. If required, it can be enabled by connecting a sin- 
gle pull-up resistor from Vcc to the three open collector 
outputs. Figure 38 shows a pull-up method utilizing the 
enable input current source. 


Error Amplifier 

A high performance, fully compensated error ampli- 
fier with access to both inputs and output (Pins 11, 12, 
13) is provided to facilitate the implementation of 
closed-loop motor speed control. The amplifier features 
a typical DC voltage gain of 95 dB, 800 kHz gain 
bandwidth, and a wide input common mode voltage 
range that extends from ground to Vcc — 2.0 V. In most 
open-loop speed control applications, the amplifier is 
configured as a unity gain voltage follower with the non- 
inverting input connected to the speed set voltage 
source. Additional configurations are shown in Figures 
31 through 35. 


Oscillator 

The frequency of the internal ramp oscillator is pro- 
grammed by the values selected for timing components 
Rt and CT. Capacitor Cy is charged from the reference 
output (Pin 8) through resistor Rt and discharged by 
an internal transistor. The ramp peak and valley volt- 
ages are typically 4.0 V and 1.5 V respectively. To pro- 
vide a good compromise between audible noise and 
output switching efficiency, an oscillator frequency in 
the range of 20 kHz to 30 kHz is recommended. Refer 
to Figure 1 for component selection. 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-64 


MC33034 


Pulse Width Modulator 

The use of pulse width modulation provides an 
energy efficient method of controlling the motor speed 
by varying the average voltage applied to each stator 
winding during the commutation sequence. As Cr dis- 
charges, the oscillator sets both latches, allowing con- 
duction of the top and bottom drive outputs. The PWM 
comparator resets the upper latch, terminating bottom 
drive output conduction when the positive-going ramp 
on Cry becomes greater than the error amplifier output. 
The pulse width modulator timing diagram is shown in 
Figure 21. Pulse width modulation for speed control 
appears only at the bottom drive outputs. 


Current Limit 

Continuous operation of a motor that is severely 
overloaded results in overheating and eventual fail- 
ure. This destructive condition can best be prevented 
with the use of cycle-by-cycle current limiting. That 
is, each on-cycle is treated as a separate problem. This 
is implemented by monitoring the stator current build- 
up each time the output switch conducts, and upon 
sensing an over current condition, immediately turns 
off the switch and holds it off for the duration of the 
oscillator ramp-up period. The stator current is con- 
verted to a voltage by inserting a ground-referenced 
sense resistor Rg (Figure 36) in series with the three 
bottom switch transistors (04, Q5, Q6). This voltage 
is monitored by the current sense input (Pin 9), and 
compared to an internal 100 mV reference. If 
exceeded, the comparator resets the lower latch and 
terminates output switch conduction. The value for 
the sense resistor is: 


5-8 
Istator(max) 


The Fault output is activated during the over current 
condition. The dual-latch PWM configuration ensures 
that only a single output conduction pulse will occur 


during any given oscillator cycle, whether terminated 
by the output of the error amp or current limit 
comparator. 


Reference 

The on chip 6.25 V regulator (Pin 8) provides charging 
current for the oscillator timing capacitor, a reference 
for the error amplifier, and has a current capability of 
40 mA for direct power of the sensors in low voltage 
applications. In higher voltage applications it may 
become necessary to transfer the power dissipated by 
the regulator off the |.C. This is easily accomplished with 
the addition of an external pass transistor as shown in 
Figure 22. A 6.25 V reference level was chosen to allow 
implementation of the simpler NPN circuit, where Vref 
— Vpe exceeds the minimum voltage required by Halli 
Effect sensors over temperature. With proper transistor 
selection, and adequate heatsinking, up to 1.0 amp of 
load current can be obtained. 


FIGURE 22 — REFERENCE OUTPUT BUFFERS 
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FIGURE 21 — PULSE WIDTH MODULATOR TIMING DIAGRAM 
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Undervoltage Lockout 

A triple Undervoltage Lockout has been incorporated 
to prevent damage to the control IC and the external 
power switch transistors. Under low power supply con- 
ditions, it guarantees that the IC and sensors are fully 
functional, and that there is sufficient bottom drive out- 
put voltage. The positive power supplies to the IC (Vcc) 
and the bottom drives (Vc) are each monitored by sep- 
arate comparators that have their thresholds at 9.1 V. 
This level ensures sufficient gate drive for low rps(on) 
when interfacing with standard power MOSFETs. When 
directly powering the Hall sensors from the reference, 
improper sensor operation can result if the output volt- 
age should fall below 4.5 V. A third comparator is used 
to detect this condition. If one or more of the compar- 
ators detects an undervoltage condition, the Fault out- 
put is activated, the top drives are turned off and the 
bottom drive outputs are held in a low state. Each of 
the comparators contain hysteresis to prevent oscilla- 
tions when crossing their respective thresholds. 


Fault Output 

The open collector Fault output (Pin 14) was 
designed to provide diagnostic information in the 
event of a system malfunction. It has a sink current 
capability of 16 mA and can directly drive a light emit- 
ting diode for visual indication. Additionally, it is eas- 
ily interfaced with TTL/CMOS logic for use in a micro- 
processor controlled system. The Fault output is 
active low when one or more of the following con- 
ditions occur: 


1) Invalid Sensor Input code. 

2) Enable Input at Logic ‘’0.’’ 

3) Current Sense Input > 100 mV. 

4) Undervoltage Lockout, activation of one or more 
of the comparators. 

5) Thermal Shutdown, maximum junction tempera- 
ture has been exceeded. 


This unique output can also be used to distinguish 
between motor start-up or sustained operation in an 
overloaded condition. With the addition of an R/C net- 
work between the Fault output and the enable input, it 
is possible to create a time-delayed latched shutdown 
for overcurrent. The added circuitry shown in Figure 23, 
makes easy starting of motor systems which have high 
inertial loads by providing additional starting torque, 
while still preserving overcurrent protection. This task 
is accomplished by setting the current limit to a higher 
than nominal value for a predetermined time. During 
an excessively long overcurrent condition, capacitor 
CpoLy will charge causing the enable input to cross its 
threshold to a low state. A latch will now be formed by 
a positive feedback loop from the Fault output to the 
enable input. Once set by the current sense input, it can 
only be reset by shorting CpLy or cycling the power 
supply. 


Drive Outputs 

The three top drive outputs (Pins 1, 2, 24) are open 
collector NPN transistors capable of sinking 50 mil- 
liamps with a minimum breakdown of 45 volts. Inter- 
facing into higher voltage applications is easily accom- 
plished with the circuits shown in Figures 24 and 25. 

The three totem pole bottom drive outputs (Pins 19, 
20, 21) are particularly suited for direct drive of ‘N’chan- 
nel MOSFETs or NPN bipolar transistors (Figures 26, 27 
and 28). Each output is capable of sourcing and sinking 
up to 100 mA. Power for the bottom drives is supplied 
from Vc (Pin 18). This separate supply input allows the 
designer added flexibility in tailoring the drive voltage, 
independent of Vcc. A zener clamp is typically con- 
nected to this input when driving power MOSFETs in 
systems where Vcc is greater than 20 V. 

A separate drive ground (Pin 16) is included to reduce 
the effects of switching transient noise imposed on the 
current sense input. This feature becomes particularly 
useful when driving current sensing power MOSFETs 
(Figure 29). 


Thermal Shutdown 

Internal thermal shutdown circuitry is provided to 
protect the IC in the event that the maximum junction 
temperature is exceeded. When activated, typically at 
170°C, the IC acts as though the enable input was 
grounded. 


FIGURE 23 — TIMED DELAYED LATCHED 
OVER-CURRENT SHUTDOWN 
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FIGURE 24 — HIGH VOLTAGE INTERFACE WITH 
NPN POWER TRANSISTORS 
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Transistor Q1 is a common base stage used to level shift from Vcc to 
the high motor voltage Vy. The collector diode is required if Vcc is 
present while Viy is low. 


FIGURE 26 — CURRENT WAVEFORM SPIKE SUPPRESSION 


The addition of the RC filter will eliminate current-limit instability caused 
by the leading edge spike on the current waveform. Resistor Rs should 
be a low inductance type. 


FIGURE 28 — BIPOLAR TRANSISTOR DRIVE 


Removal 


The totem-pole output can furnish negative base current for enhanced 
transistor turn-off, with the addition of capacitor C. 


FIGURE 25 — HIGH VOLTAGE INTERFACE WITH 
"N’ CHANNEL POWER MOSFETs 
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Series gate resistor Rg will damp any high frequency oscillations caused 
by the MOSFET input capacitance and any series wiring inductance in 
the gate-source circuit. Diode D is required if the negative current into 
the Bottom Drive Outputs exceeds 5.0 mA peak. 


FIGURE 29 — CURRENT SENSING POWER MOSFETs 
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Virtually lossless current sensing can be achieved with the implemen- 
tation of SENSEFET power switches. 
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FIGURE 30 — HIGH VOLTAGE BOOST SUPPLY 
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FIGURE 32 — CONTROLLED ACCELERATION/DECELERATION 
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Resistors R1 with capacitor C sets the acceleration time constant while 
R2 controls the deceleration. The values of Ri and R2 should be at least 
ten times greater than that of the speed set potentiometer to minimize 
time constant variations with different speed settings. 


FIGURE 34 — CLOSED-LOOP SPEED CONTROL 
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The rotor position sensors can be used as a tachometer. By differen- 
tiating the positive-going edges and then integrating them over time, 
a voltage proportional to speed can be generated. The error amp com- 
pares this voltage to that of the speed set to control the PWM. 


FIGURE 31 — DIFFERENTIAL INPUT SPEED CONTROLLER 
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FIGURE 33 — DIGITAL SPEED CONTROLLER 


BCD 
Inputs 


The SN74LS175 is an open collector BCD to One of Ten decoder. When 
connected as shown, input codes 0000 through 1001 steps the PWM in 
increments of approximately 10% from 0 to 90% on-time. Input codes 
1010 through 1111 wilt produce 100% on-time or full motor speed. 


FIGURE 35 — CLOSED-LOOP TEMPERATURE CONTROL 
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This circuit can control the speed of a cooling fan proportional to the 
difference between the sensor and set temperatures. The control loop 
is closed as the forced air cools the NTC thermistor. For controlled 
heating applications, exchange the positions of R1 and R2. 
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SYSTEM APPLICATIONS 


Three Phase Motor Commutation 

The three phase application shown in Figure 36 is a 
full-featured open-loop motor controller with full wave, 
six step drive. The upper power switch transistors are 
Darlingtons while the lower devices are power MOS- 
FETs. Each of these devices contains an internal para- 
sitic catch diode that is used to return the stator induc- 
tive energy back to the power supply. The outputs are 
capable of driving a delta or wye connected stator, and 
a grounded neutral wye if split supplies are used. At 
any given rotor position, only one top and one bottom 
power switch (of different totem poles) is enabled. This 
configuration switches both ends of the stator winding 
from supply to ground which causes the current flow 
to be bidirectional or full wave. A leading edge spike is 
usually present on the current waveform and can cause 
a current-limit instability. The spike can be eliminated 
by adding an RC filter in series with the current sense 
input. Using a low inductance type resistor for Rs will 


also aid in spike reduction. Care must be taken in the 
selection of the bottom power switch transistors so that 
the current during braking does not exceed the device 
rating. During braking, the peak current generated is 
limited only by the series resistance of the conducting 
bottom switch and winding. 


VM + EMF 
Rswitch + Rwinding 


Ipeak = 


lf the motor is running at maximum speed with no !oad, 
the generated back EMF can be as high as the supply 
voltage, and at the onset of braking the peak current 
may approach twice the motor stall current. Figure 37 
shows the commutation waveforms over two electrical 
cycles. The first cycle (0° to 360°) depicts motor oper- 
ation at full speed while the second cycle (360° to 720°} 
shows a reduced speed with about 50 percent pulse 
width modulation. The current waveforms reflect a con- 
stant torque load and are shown synchronous to the 
commutation frequency for clarity. 


FIGURE 36 — THREE PHASE, SIX STEP, FULL WAVE MOTOR CONTROLLER 
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FIGURE 37 — THREE PHASE, SIX STEP, FULL WAVE COMMUTATION WAVEFORMS 
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FIGURE 38 — THREE PHASE, THREE STEP, HALF WAVE MOTOR CONTROLLER 


Figure 38 shows a three phase, three step, half wave 
motor controller. This configuration is ideally suited for 
automotive and other low voltage applications since 
there is only one power switch voltage drop in series 
with a given stator winding. Current flow is unidirec- 
tional or half wave because only one end of each wind- 
ing is switched. Continuous braking with the typical half 
wave arrangement presents a motor overheating prob- 
lem since stator current is limited only by the winding 
resistance. This is due to the lack of upper power switch 
transistors, as in the full wave circuit, used to disconnect 
the windings from the supply ‘voltage Vjy. A unique 


solution is to provide braking until the motor stops and 
then turn off the bottom drives. This can be accom- 
plished by using the fault output in conjunction with 
the enable input as an over current timer. Components 
Roy and Cpty are selected to give the motor sufficient 
time to stop before latching the enable input and the 
top drive AND gate low. To enabling the motor, the PNP 
transistor along with resistors R1 and R3 are used to 
reset the latch by discharging Cp_y upon brake switch 
closure. The stator flyback voltage is clamped by a sin- 
gle zener and three diodes. 
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Sensor Phasing Comparison 

There are four conventions used to establish the rel- 
ative phasing of the sensor signals in three phase 
motors. With six step drive, an input signal change must 
occur every 60 electrical degrees, however, the relative 
signal phasing is dependent hon the mechanical sen- 
sor placement. A comparison of the conventions in elec- 
trical degrees is shown in Figure 39(a). From the sensor 
phasing table, Figure 39(b), note that the order of input 
codes for 60° phasing is the reverse of 300°. This means 
that a P60 suffix part will operate with either convention 
with a resulting change in rotor direction. The same is 
true for the P120 part operating between 120° and 240° 
conventions. Further examination of the 60° and 120° 
columns reveal that either suffix part will operate with 
any of the sensor conventions| with the addition of an 


FIGURE 39(a) — SENSOR PHASING COMPARISON 
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inverter and the interchanging of Sg and Sc inputs as 
shown in Figure 40. 

In this data sheet, the rotor position has always been 
given in electrical degrees, since the mechanical posi- 
tion is a function of the number of rotating magnetic 
poles. The relationship between the electrical and 
mechanical position is: 


#Roter Poles 


Electrical Degrees = Mechanical Degrees 5 


An increase in the number of magnetic poles causes 
more electrical revolutions for a given mechanical rev- 
olution. General purpose three phase motors typically 
contain a four pole rotor which yields two electrical 
revolutions for one mechanical. 


FIGURE 39(b) — SENSOR PHASING TABLE 
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Two and Four Phase Motor Commutation 

The MC33034P60 is also capable of providing a four 
step output that can be used to drive two or four phase 
motors. The truth table in Figure 41 shows that by con- 
necting sensor inputs Sg and Sc together, it is possible 
to truncate the number of drive output states from six 
to four. The output power switches are connected to 
Bry, CT, Bg, and Cp. Figure 42 shows a four phase, four 
step, full wave motor contro! application. Power switch 
transistors Q1 through Q8 are Darlington type, each 


with an internal parasitic catch diode. With four step 
drive, only two rotor position sensors spaced at 90 elec- 
trical degrees are required. The commutation wave- 
forms are shown in Figure 43. Note that speed control 
cannot be accomplished with this circuit, since pulse 
width modulation does not appear at the top drive 
outputs. 

Figure 44 shows a four phase, four step, half wave 
motor controller. It has the same features as the circuit 
in Figure 38, except for the deletion of braking. 


FIGURE 41 — TWO AND FOUR PHASE, FOUR STEP, COMMUTATION TRUTH TABLE 


MC33034P60 
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Sp connected to Sc 


FIGURE 42 — FOUR PHASE, FOUR STEP, FULL WAVE MOTOR CONTROLLER 
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FIGURE 43 — FOUR PHASE, FOUR STEP, FULL WAVE COMMUTATION WAVEFORMS 


Rotor Electrical Position (Degrees) 


0 90 180 270 360 450 540 630 720 
' | ' 1 ! { | t ' 
aa i ee 
S \ 1 ' 1 iT 1 ‘ 1 1 1 
ensor Inputs Re t= phe ee ee 
MC33034P60 SB , | , | . | , | | 
Code | 10 | 10 | 01 | 00 | 10 | 11 | 01 | 00 | 
; : 
BT | | | | | | 
Top Drive ! ' ' 1 
Outputs Cr PS IP eh i 
] ' ! t I t t ' I 
t 1 ' ! t i i) i i 
Bottom Drive BB Mar eee a hs he he | 
Outputs | | ! ' ! t ' ' ' 
Cele ON ty ees a tlc 
Conducting : : 
Power Switch | Q3 + Qs | Q4 + OG | Qy Q7 | Q2 + Qg | Q3 + Qs | Qq + 06 | Q; + Q7 | Qo + Gg | 
Transistors ! ' t I 1 1 ' ' ' 
+ if i} 1 t ) t I t | 
AO ul | | 
| | | J l 
7 = ' t ! 1 I 1 i} t 
a | | 
oO | | l | 
Motor Ss i : 
Drive Current aed ; | : | 
c oO- 


—<$___________—_ Full Speed (No PWM) —_—_____—______+| 


FWO/REV = 1 


LAYOUT CONSIDERATIONS returning on separate paths back to the power supply 


Do not attempt to construct any of the brushless 
motor control circuits on wire-wrap or plug-in proto- 
type boards. High frequency printed circuit layout tech- 
niques are imperative to prevent pulse jitter. This is 
usually caused by excessive noise pick-up imposed on 
the current sense or error amp inputs. The printed circuit 
layout should contain a ground plane with low current 
signal and high current drive and output buffer grounds 


input filter capacitor Vjy. Ceramic bypass capacitors 
(0.1 wF) connected close to the integrated circuit at Vcc, 
Vc. Vref and the error amp non-inverting input may be 
required depending upon circuit layout. This provides 
a low impedance path for filtering any high frequency 
noise. All high current loops should be kept as short as 
possible using heavy copper runs to minimize radiated 
EMI. 
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FIGURE 44 — FOUR PHASE, FOUR STEP, HALF WAVE MOTOR CONTROLLER 
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MOTOROLA 
= SEMICONDUCTOR yyy 
TECHNICAL DATA 


Advance Information 


BRUSHLESS DC MOTOR CONTROLLER BRUSHLESS DC 
The MC33035 is a high performance second generation monolithic MOTOR CONTROLLER 
brushless DC motor controller containing all of the active functions 
required to implement a full featured open-loop, three or four phase SILICON MONOLITHIC 
motor control system. This device consists of a rotor position decoder INTEGRATED CIRCUIT 


for proper commutation sequencing, temperature compensated ref- 
erence capable of supplying sensor power, frequency programmable 
sawtooth oscillator, fully accessible error amplifier, pulse width mod- 
ulator comparator, three open collector top drivers, and three high 
current totem pole bottom drivers ideally suited for driving power 
MOSFETs. 

Also included are protective features consisting of undervoltage lock- 
out, cycle-by-cycle current limiting with a selectable time delayed | 
latched shutdown mode, internal thermal shutdown, and a unique fault 

: : : P SUFFIX 
output that can be interfaced into microprocessor controlled systems. 
P - : PLASTIC PACKAGE 

Typical motor control functions include open-loop speed, forward or CASE 724 
reverse direction, run enable, and dynamic braking. The MC33035 is 
designed to operate with electrical sensor phasings of 60°/300° or 120°/ 
240°, and can also efficiently control brush DC motors. 


@ 10 V to 30 V Operation 
@ Undervoltage Lockout 


DW SUFFIX 
® 6.25 V Reference Capable of Supplying Sensor Power sca PLASTIC PACKAGE 
® Fully Accessible Error Amplifier for Closed-Loop Servo CASE 751E 
Applications (SO-24L) 
@ High Current Drivers can Control MPM3003 MOSFET 3-Phase Bridge 
@ Cycle-By-Cycle Current Limiting 
@ Pinned-Out Current Sense Reference 
@ Internal Thermal Shutdown 
® Selectable 60°/300° or 120°/240° Sensor Phasings PIN CONNECTIONS 
®@ Can Efficiently Control Brush DC Motors with MPM3002 MOSFET 
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Noninverting Input 

Error Amp Error Amp Out/ 
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OUTPUT BUFFERS 


(Top View) 


RT 


aM a ORDERING INFORMATION 
Operating Ambient 


Temperature Range| Package 


MC33035P —40°C to + 85°C | Plastic DIP 
MC33035DW — 40°C to + 85°C S$O-24L 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATINGS 


Error Amp Input Voltage Range 
(Pins 11, 12, Note 1) 
Error Amp Output Current: mA 
(Source or Sink, Note 2) 
Current Sense Input Voltage Range (Pins 9, 15) | Vgense | —0.3t050| Vv | 
Fault Output Voltage 


Bottom Drive Supply Voltage (Pin 18) 


Bottom Drive Output Current 
(Source or Sink, Pins 19, 20, 21) 

Power Dissipation and Thermal Characteristics 

Maximum Power Dissipation @ Ta = 85°C 


lorv 100 


P 867 mw 


D 
Thermal Resistance, Junction to Air °C 
[operating Junction Temperature ‘|__| 180 | c | 
| Operating Ambient Temperature Range | TA__| ~ 40 to +85 


ELECTRICAL CHARACTERISTICS (Vcc = Vc = 20 V, RT = 4.7k, CT = 10 nF, Ta = 25°C unless otherwise noted) 


Characteristic [ symbot | min | typ | Max | unit | 
REFERENCE SECTION 


Reference Output Voltage (I-ef = 1.0 mA) 
Ta = 25°C 
Ta = —40°C to +85°C 


= 


Line Regulation (Vcc = 10 V to 30 V, lref = 1.0 mA) 


Load Regulation (lref = 1.0 mA to 20 mA) 
Output Short Circuit Current (Note 3) 
Reference Under Voltage Lockout Threshold 
ERROR AMPLIFIER 

Input Offset Voltage (TA = —40°C to + 85°C) 
Input Offset Current (Ta = —40°C to +85°C) 
Input Bias Current (Ta = ~40°C to +85°C) 


Input Common Mode Voltage Range 
Open-Loop Voltage Gain (Vo = 3.0 V, Rp = 15k) 
Input Common Mode Rejection Ratio 


Power Supply Rejection Ratio (Vcc = Vc = 10 V to 30 V) 


Output Voltage Swing 
High State (RL = 15 k to Ground) 
Low State (RL = 15 k to Vre¢) 


NOTES: 
1, The input common mode voltage or input signal voltage should not be allowed to go negative by more than 0.3 V. 
2. The compliance voltage must not exceed the range of — 0.3 to Vref. 
3. Maximum package power dissipation limits must be observed. 
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ELECTRICAL CHARACTERISTICS (continued) (Vcc = Vc = 20 V, RT = 4.7k, Ct = 10 nF, Ta = 25°C unless otherwise noted) 


[——charnetaric «dC Sem | nT | Mex | Unt 


OSCILLATOR SECTION 


| Oscitlator Frequency 


Frequency Change with Voltage (Vcc = 10 V to 30 V) 
Sawtooth Peak Voltage 


| Sawtooth Valley Voltage 


Fatosoav | — [001 | so | | 
oe a Te ee 
me v 


LOGIC INPUTS 


Pate 
Input Threshold Voltage (Pins 3, 4, 5, 6, 7, 22, 23) 

High State 

(: Low State 


Sensor inputs (Pins 4, 5, 6) 
High State Input Current (Vip = 5.0 V) 
Low State Input Current (Vj_ = 0 V) 


Forward/Reverse and 60°/120° Select (Pins 3, 22, 23) 
High State Input Current (Vjy = 5.0 V) 
fe Low State Input Current (Vj_ = 0 V) 


Output Enable 
High State Input Current (Vjy = 5.0 V) 
| _Low State Input Current (Vij_ = 0 V) 


CURRENT-LIMIT COMPARATOR 


[ Threshold Voltage 


Input Common Mode Voitage Range 


Input Bias Current 


OUTPUTS AND POWER SECTIONS 
To Drive Output Sink Saturation (Igink = 25 mA) 
Top Drive Output Off-State Leakage (VcE = 30 V) 


Top Drive Output Switching Time (CL = 47 pF, RL = 1.0 k) 
Rise Time 
Fall Time 


Bottom Drive Output Voltage 
High State (Vcc = 20 V, Ve = 30 V, Isource = 50 MA) 
Low State (Vcc = 20 V, Vc = 30 V, Isink = 50 mA) 


Bottom Drive Output Switching Time (CL = 1000 pF) 
Rise Time 
Fall Time 


3.0 
-0.9 
ss 
VCE(sat) = 0.5 
IDRV(leak) = 0.06 BA 
tr = 107 300 
tf = 26 300 


| Fault Output Sink Saturation (Iging = 16 mA) 


Fault Output Off-State Leakage (VcE = 20 V) 


Under Voltage Lockout 
Drive Output Enabled (Vcc or Vc Increasing) 
Hysteresis 


| Power Supply Current 

Pin 17 (Vcc = Vc = 20 V) 

Pin 17 (Vcc = 20 V, Ve = 30 V) 
Pin 18 (Vcc = Vc = 20 V) 

Pin 18 (Vec = 20 V, Vc = 30 V) 


FS 
5 |Z 


—3~ Mn = NN 


m 
Icc 12 
14 
Ic 3.5 
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FIGURE 1 — OSCILLATOR FREQUENCY versus FIGURE 2 — OSCILLATOR FREQUENCY CHANGE 
TIMING RESISTOR versus TEMPERATURE 


+ 
> 
Oo 


+ 
and 
o 


o 


FE nant 
TTL 
| Cr = 10nFY Ssactiinnmcs Cr | Cr = 1.0nF J 1.0 0F N || 


GBM 
HD h 


fosc, OSCILLATOR FREQUENCY (kHz) 


Afosc, OSCILLATOR FREQUENCY CHANGE (%) 


— 40 
1.0 10 100 1000 — 6 —2 0 25 50 75 100 125 
Rr, TIMING RESISTOR (kQ) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 3 — ERROR AMP OPEN LOOP GAIN AND FIGURE 4 — ERROR AMP OUTPUT SATURATION 
PHASE versus FREQUENCY VOLTAGE versus LOAD CURRENT 
56 
48 


aturatio 


AvyoL, OPEN-LOOP VOLTAGE GAIN (dB) 
Vgat OUTPUT SATURATION VOLTAGE (V) 


f, FREQUENCY (Hz) lo. ouTPUT LOAD CURRENT (mA) 
FIGURE 5 — ERROR AMP SMALL-SIGNAL FIGURE 6 — ERROR AMP LARGE-SIGNAL 
TRANSIENT RESPONSE TRANSIENT RESPONSE 


Vo, OUTPUT VOLTAGE (V) 
Vo, OUTPUT VOLTAGE (V) 


1.0 ps/DIV 5.0 ws/DIV 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-79 


MC33035 


FIGURE 7 — REFERENCE OUTPUT VOLTAGE CHANGE 
versus OUTPUT SOURCE CURRENT 
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Iref. REFERENCE OUTPUT SOURCE CURRENT (mA) 


FIGURE 9 — REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 


AVref. NORMALIZED REFERENCE VOLTAGE CHANGE (mV) 
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FIGURE 11 — BOTTOM DRIVE RESPONSE TIME versus 
CURRENT SENSE INPUT VOLTAGE 
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FIGURE 8 — REFERENCE OUTPUT VOLTAGE 
versus SUPPLY VOLTAGE 
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FIGURE 10 — OUTPUT DUTY CYCLE versus 
PWM INPUT VOLTAGE 
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FIGURE 12 — FAULT OUTPUT SATURATION 
versus SINK CURRENT 
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Vgat- OUTPUT SATURATION VOLTAGE (V} 


Vgat OUTPUT SATURATION VOLTAGE (V) 


Vo, OUTPUT VOLTAGE 
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FIGURE 13 — TOP DRIVE OUTPUT SATURATION 
VOLTAGE versus SINK CURRENT 


sink: SINK CURRENT (mA) 


FIGURE 15 — BOTTOM DRIVE OUTPUT WAVEFORM 
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FIGURE 17 — BOTTOM DRIVE OUTPUT SATURATION 
VOLTAGE versus LOAD CURRENT 
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FIGURE 14 — TOP DRIVE OUTPUT WAVEFORM 


Vo, OUTPUT VOLTAGE 
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FIGURE 16 — BOTTOM DRIVE OUTPUT WAVEFORM 
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FIGURE 18 — POWER AND BOTTOM DRIVE SUPPLY 
CURRENT versus SUPPLY VOLTAGE 
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Br, At, CT 


FWD/REV 


4,5,6 Sa, Sp, Sc These three Sensor Inputs control the commutation sequence. 

7 Output Enable A logic high at this input causes the motor to run, while a low causes 
it to coast. 

8 Reference Output This output provides charging current for the oscillator timing capacitor 
Cry and a reference for the error amplifier. It may also serve to furnish 
sensor power. 

9 Current Sense A 100 mV signal, with respect to pin 15, at this input terminates output 

(Noninverting Input) switch conduction during a given oscillator cycle. This pin normally 
connects to the top side of the current sense resistor. 
10 Oscillator The Oscillator frequency is programmed by the values selected for the 
timing components, Rt and CT. 
11 Error Amp This input is normally connected to the speed set potentiometer. 
(Noninverting Input) 

12 Error Amp This input is normally connected to the Error Amp Output in open-loop 
(tnverting Input) applications. 

13 Error Amp Output/PWM This pin is available for compensation in closed-loop applications. 
Input 

14 Fault Output This open collector output is active low during one or more of the 
following conditions: Invalid Sensor Input code, Enable Input at logic 0, 
Current Sense Input greater than 100 mV (pin 9 with respect to pin 15), 
Undervoltage Lockout activation, and Thermal Shutdown. 

15 Current Sense Reference pin for internal 100 mV threshold. This pin is normally 

(Inverting Input) connected to the bottom side of the current sense resistor. 

16 Ground This pin supplies a ground for the control circuit and should be 
referenced back to the power source ground. 

7 Vcc This pin is the positive supply of the control IC. The controller is 
functional over a minimum Vcc range of 10 V to 30 V. 

18 Ve The high state (VoH) of the Bottom Drive Outputs is set by the voltage 
applied to this pin. The controller is operational over a minimum Vc 
range of 10 V to 30 V. 

19, 20, 21 | Cg, Be, Ag These three totem pole Bottom Drive Outputs are designed for direct 
drive of the external bottom power switch transistors. 

22 60°/120° Select The electrical state of this pin configures the control circuit operation 
for either 60° (high state) or 120° (low state) sensor electrical phasing 
inputs. 

Brake Input A logic low state at this input allows the motor to run, while a high 
state does not allow motor operation and if operating causes rapid 
deceleration. 


MC33035 


PIN FUNCTION DESCRIPTION 


These three open collector Top Drive Outputs are designed to drive the 
external upper power switch transistors. 


The Forward/Reverse Input is used to change the direction of motor 
rotation. 
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INTRODUCTION 

The MC33035 is one of a series of high performance 
monolithic DC brushless motor controllers produced by 
Motorola. It contains all of the functions required to 
implement a full-featured, open-loop, three or four 
phase motor control system. In addition, the controller 
can be made to operate DC brush motors. Constructed 
with Bipolar Analog technology, it offers a high degree 
of performance and ruggedness in hostile industrial 
environments. The MC33035 contains a rotor position 
decoder for proper commutation sequencing, a tem- 
perature compensated reference capable of supplying 
a sensor power, a frequency programmable sawtooth 
oscillator, a fully accessible error amplifier, a pulse 
width modulator comparator, three open collector top 
drive outputs, and three high current totem pole bottom 
driver outputs ideally suited for driving power 
MOSFETs. 

Included in the MC33035 are protective features con- 
sisting of undervoltage lockout, cycle by cycle current 
limiting with a selectable time delayed latched shut- 
down mode, internal thermal shutdown, and a unique 
fault output that can easily be interfaced to a micropro- 
cessor controller. 

Typical motor control functions include open-loop 
speed control, forward or reverse rotation, run enable, 
and dynamic braking. In addition, the MC33035 has a 
60°/120° select pin which configures the rotor position 
decoder for either 60° or 120° sensor electrical phasing 
inputs. 


FUNCTIONAL DESCRIPTION 

A representative internal block diagram is shown in 
Figure 19 with various applications shown in Figures 
36, 38, 42, 44, 45, and 46. A discussion of the features 
and function of each of the internal blocks given below 
is referenced to Figures 19 and 36. 


Rotor Position Decoder 

An internal rotor position decoder monitors the three 
sensor inputs (Pins 4, 5, 6) to provide the proper 
sequencing of the top and bottom drive outputs. The 
sensor inputs are designed to interface directly with 
open collector type Hail Effect switches or opto slotted 
couplers. Internal pull-up resistors are included to min- 
imize the required number of external components. The 
inputs are TTL compatible, with their thresholds typi- 
cally at 2.2 volts. The MC33035 series is designed to 
control three phase motors and operate with four of the 
most common conventions of sensor phasing. A 60°/ 
120° select (Pin 22) is conveniently provided which 
affords the MC33035 to configure itself to control 
motors having either 60°, 120°, 240° or 300° electrical 
sensor phasing. With three sensor inputs there are eight 
possible input code combinations, six of which are valid 
rotor positions. The remaining two codes are invalid 
and are usually caused by an open or shorted sensor 
line. When an invalid input condition exists, the Fault 
output is activated and the drive outputs are disabled. 
With six valid input codes, the decoder can resolve the 
motor rotor position to within a window of 60 electrical 
degrees. 


The forward/reverse input (Pin 3) is used to change 
the direction of motor rotation by reversing the voltage 
across the stator winding. When the input changes 
state, from high to low with a given sensor input code 
(for example 100), the enabled top and bottom drive 
outputs with the same alpha designation are exchanged 
(AT to Ag, BT to Bp, CT to Cg). In effect the commutation 
sequence is reversed and the motor changes directional 
rotation. 

Motor on/off controi is accomplished by the output 
enable (Pin 7). When left disconnected, an internal 
25 »A current source enables sequencing of the top and 
bottom drive outputs. When grounded, the top drive 
outputs turn off and the bottom drives are forced low, 
causing the motor to coast and the Fault output to 
activate. 

Dynamic motor braking allows an additional margin 
of safety to be designed into the final product. Braking 
is accomplished by placing the brake input (Pin 23) in 
a high state. This causes the top drive outputs to turn 
off and the bottom drives to turn on, shorting the motor- 
generated back EMF. The brake input has unconditional! 
priority over all other inputs. The internal 40 kQ pull-up 
resistor simplifies interfacing with the system safety- 
switch by insuring brake activation if opened or dis-. 
connected. The commutation logic truth table is shown 
in Figure 20. A four input NOR gate is used to monitor 
the brake input and the inputs to the three top drive 
output transistors. Its purpose is to disable braking until 
the top drive outputs attain a high state. This helps to 
prevent simultaneous conduction of the top and bottom 
power switches. In half wave motor drive applications, 
the top drive outputs are not required and are normally 
left disconnected. Under these conditions braking will 
still be accomplished since the NOR gate senses the 
base voltage to the top drive output transistors. 


Error Amplifier 

A high performance, fully compensated error ampli- 
fier with access to both inputs and output (Pins 11, 12, 
13) is provided to facilitate the implementation of 
closed-loop motor speed control. The amplifier features 
a typical DC voltage gain of 80 dB, 0.6 MHz gain 
bandwidth, and a wide input common mode voltage 
range that extends from ground to Vref. In most open- 
loop speed control applications, the amplifier is confi- 
gured as a unity gain voltage follower with the non- 
inverting input connected to the speed set voltage 
source. Additional configurations are shown in Figures 
31 through 35. 


Oscillator 

The frequency of the internal ramp oscillator is pro- 
grammed by the values selected for timing components 
RT and Cry. Capacitor Ct is charged from the reference 
output (Pin 8) through resistor RT and discharged by 
an internal discharge transistor. The ramp peak and val- 
ley voltages are typically 4.1 V and 1.5 V respectively. 
To provide a good compromise between audible noise 
and output switching efficiency, an oscillator frequency 
in the range of 20 kHz to 30 kHz is recommended. Refer 
to Figure 1 for component selection. 
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FIGURE 19 — REPRESENTATIVE BLOCK DIAGRAM 
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FIGURE 20 — THREE PHASE, SIX STEP COMMUTATION TRUTH TABLE (Note 1) 
Inputs (Note 2) Outputs (Note 3) 
Sensor Electrical Phasing (Note 4) Top Drives Bottom Drives 
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ES: 

. V = Any one of six valid sensor or drive combinations. 

X = Don't care. 

The digital inputs (Pins 3, 4, 5, 6, 7, 22, 23) are ali TTL compatible. The current sense input (Pin 9) has a 100 mV threshold with respect to Pin 15. 
A togic 0 for this input is defined as < 85 mV, and a logic 1 is > 115 mV. 


3. The fault and top drive outputs are open collector design and active in the low (0) state. 


a 


POowWMANnan 


ary 


. With 60°/120° select (Pin 22) in the high (1) state, configuration is for 60° sensor electrical phasing inputs. With Pin 22 in low (0) state, configuration is for 120° sensor 
electrical phasing inputs. 

. Valid 60° or 120° sensor combinations for corresponding valid top and bottom drive outputs. 

. Invalid sensor inputs with brake = 0; All top and bottom drives off, Fault low. 

. Invalid sensor inputs with brake = 1; All top drives off, all bottom drives on, Fault low. 

. Valid 60° or 120° sensor inputs with brake = 1; All top drives off, all bottom drives on, Fault high. 

. Valid sensor inputs with brake = 1 and enable = 0; All top drives off, all bottom drives on, Fault low. 

. Valid sensor inputs with brake = 0 and enable = 0; All top and bottom drives off, Fault low. 

. All bottom drives off, Fault low. 
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Pulse Width Modulator 

The use of pulse width modulation provides an 
energy efficient method of controlling the motor speed 
by varying the average voltaye applied to each stator 
winding during the commutation sequence. As Cy dis- 
charges, the oscillator sets both latches, allowing con- 
duction of the top and bottom drive outputs. The PWM 
comparator resets the upper latch, terminating the bot- 
tom drive output conduction when the positive-going 
ramp of C7 becomes greater than the error amplifier 
output. The pulse width modulator timing diagram is 
shown in Figure 21. Pulse width modulation for speed 
control appears only at the bottom drive outputs. 


Current Limit 

Continuous operation of a motor that is severely over- 
loaded results in overheating and eventual failure. This 
destructive condition can best be prevented with the 
use of cycle-by-cycle current limiting. That is, each on- 
cycle is treated as a separate event. Cycle-by-cycle cur- 
rent limiting is accomplished by monitoring the stator 
current build-up each time an output switch conducts, 
and upon sensing an over current condition, immedi- 
ately turning off the switch and holding it off for the 
remaining duration of the oscillator ramp-up period. 
The stator current is converted to a voltage by inserting 
a ground-referenced sense resistor Rg (Figure 36) in 
series with the three bottom switch transistors (Q4, Os, 
Qg). The voltage across the sense resistor is directly 
monitored by the current sense comparator inputs (Pins 
9 and 15) and compared to the internal 100 mV refer- 
ence. The current sense comparator inputs have an 
input common mode input range of approximately 3.0 
volts. If the 100 mV current sense threshold is exceeded, 
the comparator resets the lower sense ‘atch and ter- 
minates output switch conduction. The value for the 
current sense resistor is: 


_ on 
Istator(max) 


The Fault output activates during an over current con- 
dition. The dual-latch PWM configuration ensures that 


only one single output conduction pulse occurs during 
any given oscillator cycle, whether terminated by the 
output of the error amp or the current limit comparator. 


Reference 

The on-chip 6.25 V regulator (Pin 8) provides charging 
current for the oscillator timing capacitor, a reference 
for the error amplifier, and can supply 20 mA of current 
suitable for directly powering sensors in low voltage 
applications. In higher voltage applications it may 
become necessary to transfer the power dissipated by 
the regulator off the IC. This is easily accomplished with 
the addition of an external pass transistor as shown in 
Figure 22. A 6.25 V reference level was chosen to allow 
implementation of the simpler NPN circuit, where Vre¢ 
— Vpe exceeds the minimum voltage required by Hall 
Effect sensors over temperature. With proper transistor 
selection, and adequate heatsinking, up to one amp of 
load current can be obtained. 


FIGURE 22 — REFERENCE OUTPUT BUFFERS 


The NPN circuit is recom- 
mended for powering Hall 
or opto sensors, where the 
output voltage temperature 
coefficient is not critical. 
The PNP circuit is slightly 
more complex, but is also 
more accurate over temper- 
ature. Neither circuit has 
current limiting. 


Control 
Sensor Circuitry 
Power 6.25 V 
=5.6V 


Vin 39 vw ~UVLO 


To Control 
Circuitry and 
Sensor Power 

6.25 V 


FIGURE 21 — PULSE WIDTH MODULATOR TIMING DIAGRAM 
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Undervoltage Lockout 

A triple Undervoltage Lockout has been incorporated 
to prevent damage to the iC and the external power 
switch transistors. Under low power supply conditions, 
it guarantees that the IC and sensors are fully functional, 
and that there is sufficient bottom drive output voltage. 
The positive power supplies to the IC (Vcc) and the 
bottom drives (Vc) are each monitored by separate 
comparators that have their thresholds at 9.1 V. This 
level ensures sufficient gate drive necessary to attain 
low rDS(on) when driving standard power MOSFET 
devices. When directly powering the Hall sensors from 
the reference, improper sensor operation can result, if 
the reference output voltage falls below 4.5 V. A third 
comparator is used to detect this condition. If one or 
more of the comparators detects an undervoltage con- 
dition, the Fault output is activated, the top drives are 
turned off and the bottom drive outputs are held in a 
low state. Each of the comparators contain hysteresis 
to prevent oscillations when crossing their respective 
thresholds. 


Fault Output 

The open collector Fault output (Pin 14) was designed 
to provide diagnostic information in the event of a sys- 
tem malfunction. It has a sink current capability of 16 
mA and can directly drive a light emitting diode for 
visual indication. Additionally, it is easily interfaced with 
TTL/CMOS logic for use in a microprocessor controlled 
system. The Fault output is active low when one or more 
of the following conditions occur: 


1) Invalid Sensor Input code. 

2) Enable Input at logic [0]. 

3) Current Sense Input greater than 100 mV. 

4) Undervoltage Lockout, activation of one or more 
of the comparators. 

5) Thermal Shutdown, maximum junction tempera- 
ture being exceeded. 


This unique output can also be used to distinguish 
between motor start-up or sustained operation in an 
overloaded condition. With the addition of an R/C net- 
work between the Fault output and the enable input, it 
is possible to create a time-delayed latched shutdown 
for overcurrent. The added circuitry shown in Figure 23, 
makes easy starting of motor systems which have high 
inertial loads by providing additional starting torque, 
while still preserving overcurrent protection. This task 
is accomplished by setting the current limit to a higher 
than nominal value for a predetermined time. During 
an excessively long overcurrent condition, capacitor 
CpLy will charge causing the enable input to cross its 
threshold to a low state. A latch is then formed by the 
positive feedback loop from the Fault output to the ena- 
ble input. Once set, by the current sense input, it can 
only be reset by shorting Cp_y or cycling the power 
supplies. 


Drive Outputs 

The three top drive outputs (Pins 1, 2, 24) are open 
collector NPN transistors capable of sinking 50 mA with 
a minimum breakdown of 30 volts. Interfacing into 
higher voltage applications is easily accomplished with 
the circuits shown in Figures 24 and 25. 

The three totem pole bottom drive outputs (Pins 19, 
20, 21) are particularly suited for direct drive of ‘N’ chan- 
nel MOSFETs or NPN bipolar transistors (Figures 26, 27, 
28 and 29). Each output is capable of sourcing and sink- 
ing up to 100 mA. Power for the bottom drives is sup- 
plied from Vc (Pin 18). This separate supply input allows 
the designer added flexibility in tailoring the drive volt- 
age, independent of Vcc. A zener clamp should be con- 
nected to this input when driving power MOSFETs in 
systems where V¢c is greater than 20 V so as to prevent 
rupture of the MOSFET gates. 

The control circuitry ground (Pin 16) and current 
sense inverting input (Pin 15) must return on separate 
paths to the central input source ground. 


Thermal Shutdown 

Internal thermal shutdown circuitry is provided to 
protect the IC in the event the maximum junction tem- 
perature is exceeded. When activated, typically at 170°C, 
the IC acts as though the enable input was grounded. 


FIGURE 23 — TIMED DELAYED LATCHED 
OVER CURRENT SHUTDOWN 
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FIGURE 24 — HIGH VOLTAGE INTERFACE WITH 
NPN POWER TRANSISTORS 
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Transistor Q1 is a common base stage used to level shift from Vcc to 
the high motor voltage, Vy. The collector diode is required if Vcc is 
present while Viy is low. 


FIGURE 26 — CURRENT WAVEFORM SPIKE SUPPRESSION 
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The addition of the RC filter will eliminate current-limit instability caused 
by the leading edge spike on the current waveform. Resistor Rg should 
be a low inductance type. 


FIGURE 28 — BIPOLAR TRANSISTOR DRIVE 
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The totem-pole output can furnish negative base current for enhanced 
transistor turn-off, with the addition of capacitor C. 


FIGURE 25 — HIGH VOLTAGE INTERFACE WITH 
‘N’ CHANNEL POWER MOSFETs 
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FIGURE 27 — MOSFET DRIVE PRECAUTIONS 
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Series gate resistor Rg will damp any high frequency oscillations caused 
by the MOSFET input capacitance and any series wiring induction in 
the gate-source circuit. Diode D is required if the negative current into 
the Bottom Drive Outputs exceeds 50 mA. 


FIGURE 29 — CURRENT SENSING POWER MOSFETs 
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If: SENSEFET = MPT10N10M 
Rs = 2000, 1/4W 


Then: Vpin g ~ 0.75 Ipk 


VPin 9 = 


beled tac Control Circuitry Ground (Pin 16) and 


GND 6 16 Current Sense Inverting Input (Pin 15) 


= must return on separate paths to the 

Central Input Source Ground. 
Virtually lossless current sensing can be achieved with the implemen- 
tation of SENSEFET power switches. 
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FIGURE 30 — HIGH VOLTAGE BOOST SUPPLY FIGURE 31 — DIFFERENTIAL INPUT SPEED CONTROLLER 


Vcc = 12V 


“0 20 40 60 
Boost Current (mA} 


1,0/200 V 
= VBoost 
n 
' 22 

1N5352A VM = 170V 

* — MUR115 R3+Ra\R2 /R 
+A4 4 

7 0.001 Vpin 13 = val *\e- (® ve) 


This circuit generates VBgost for Figure 25. 
FIGURE 33 — DIGITAL SPEED CONTROLLER 


FIGURE 32 — CONTROLLED ACCELERATION/DECELERATION 
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Inputs 
Increase 
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Resistor R1 with capacitor C sets the acceleration time constant while The SN74L$145 is an open collector BCD to One of Ten decoder. When 
R2 controls the deceleration. The values of R1 and R2 should be at least connected as shown, input codes 0000 through 1001 steps the PWM in 
ten times greater than the speed set potentiometer to minimize time increments of approximately 10% from 0 to 90% on-time. Input codes 
constant variations with different speed settings. 1010 through 1111 will produce 100% on-time or full motor speed. 
FIGURE 34 — CLOSED LOOP SPEED CONTROL FIGURE 35 — CLOSED LOOP TEMPERATURE CONTROL 
R3+R4\R2 /R4 
| Vpin 13 = Vref (& ee (® ve) | 
Vp = Vref 8 | 
To Sensor (B+ 1) + 
Input (Pin 4} R6 
R3 >> R5 || RE 25;HA 
0.01 R5 
10k R6 PWM 
| 
The rotor position sensors can be used as a tachometer. By differen- This circuit can control the speed of a cooling fan proportional to the 
tiating the positive-going edges and then integrating them over time, difference between the sensor and set temperatures. The control loop 
a voltage proportional to speed can be generated. The error amp com- is closed as the forced air cools the NTC thermistor. For controlled 
pares this voltage to that of the speed set to control the PWM. heating applications, exchange the positions of R1 and R2. 
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SYSTEM APPLICATIONS 


Three Phase Motor Commutation 

The three phase application shown in Figure 36 is a 
full-featured open-loop motor controller with full wave, 
six step drive. The upper power switch transistors are 
Darlingtons while the lower devices are power 
MOSFETs. Each of these devices contains an internal 
parasitic catch diode that is used to return the stator 
inductive energy back to the power supply. The outputs 
are capable of driving a delta or wye connected stator, 
and a grounded neutral wye if split supplies are used. 
At any given rotor position, only one top and one bot- 
tom power switch (of different totem poles) is enabled. 
This configuration switches both ends of the stator 
winding from supply to ground which causes the cur- 
rent flow to be bidirectional or full wave. A leading edge 
spike is usually present on the current waveform and 
can cause a current-limit instability. The spike can be 
eliminated by adding an RC filter in series with the cur- 
rent sense input. Using a low inductance type resistor 
for Rg will also aid in spike reduction. Care must be 


taken in the selection of the bottom power switch tran- 
sistors so that the current during braking does not 
exceed the device rating. During braking, the peak cur- 
rent generated is limited only by the series resistance 
of the conducting bottom switch and winding. 


Vm + EMF 


| So NE 
peak ~ Rewitch + Rwinding 


If the motor is running at maximum speed with no load, 
the generated back EMF can be as high as the supply 
voltage, and at the onset of braking the peak current 
may approach twice the motor stall current. Figure 37 
shows the commutation waveforms over two electrical 
cycles. The first cycle (0° to 360°) depicts motor oper- 
ation at full speed while the second cycle (360° to 720°) 
shows a reduced speed with about 50 percent pulse 
width modulation. The current waveforms reflect a con- 
stant torque load and are shown synchronous to the 
commutation frequency for ciarity. 


FIGURE 36 — THREE PHASE, SIX STEP, FULL WAVE MOTOR CONTROLLER 
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FIGURE 37 — THREE PHASE, SIX STEP, FULL WAVE COMMUTATION WAVEFORMS 
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Figure 38 shows a three phase, three step, half wave 
motor controller. This configuration is ideally suited for 
automotive and other low voltage applications since 
there is only one power switch voltage drop in series 
with a given stator winding. Current flow is unidirec- 
tional or half wave because only one end of each wind- 
ing is switched. Continuous braking with the typical half 
wave arrangement presents a motor overheating prob- 
lem since stator current is limited only by the winding 
resistance. This is due to the lack of upper power switch 
transistors, as in the full wave circuit, used to disconnect 
the windings from the supply voltage Vy. A unique 


solution is to provide braking until the motor stops and 
then turn off the bottom drives. This can be accom- 
plished by using the Fault output in conjunction with 
the Enable input as an over current timer. Components 
Rpiy and Cp_y are selected to give the motor sufficient 
time to stop before latching the Enable input and the 
top drive AND gates low. When enabling the motor, the 
brake switch is closed and the PNP transistor along with 
resistors R1 and Rpiy are used to reset the latch by 
discharging Cp_y. The stator flyback voltage is clamped 
by a single zener and three diodes. 


FIGURE 38 — THREE PHASE, THREE STEP, HALF WAVE MOTOR CONTROLLER 
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Three Phase Closed Loop Controller 

The MC33035, by itself, is only capable of open loop 
motor speed control. For closed loop motor speed con- 
trol, the MC33035 requires an input voltage proportional 
to the motor speed. Traditionally this has been accom- 
pished by means of a tachometer to generate the motor 
speed feedback voltage. Figure 39 shows an application 
whereby an MC33039, powered from the 6.25 volt ref- 
erence (Pin 8) of the MC33035, is used to generate the 
required feedback voltage without the need of a costly 
tachometer. The same Hall! sensor signals used by the 
MC33035 for rotor position decoding are utilized by the 
MC330339. Every positive or negative going transition of 
the Hall sensor signals on any of the sensor lines causes 
the MC33039 to produce an output pulse of defined 
amplitude and time duration, as determined by the 
external resistor R1 and capacitor C1. The output train 


of pulses at Pin 5 of the MC33039 are integrated by the 
error amplifier of the MC33035 configured as an inte- 
grator to produce a DC voltage level which is propor- 
tional to the motor speed. This speed proportional volt- 
age establishes the PWM reference level at pin 13 of 
the MC33035 motor controller and closes the feedback 
loop. The MC33035 outputs drive an MPM3003 TMOS 
power MOSFET 3-phase bridge circuit capable of deliv- 
ering up to 25 Amperes of surge current. High currents 
can be expected during conditions of start-up, breaking, 
and change of direction of the motor. 

The system shown in Figure 39 is designed for a 
motor having 120/240 degrees Hall sensor electrical 
phasing. The system can easily be modified to accom- 
modate 60/300 degree Hal! sensor electrical phasing by 
removing the jumper (J2) at Pin 22 of the MC33035. 


FIGURE 39 — CLOSED LOOP BRUSHLESS DC MOTOR CONTROL 
USING THE MC33035, MPM3003, AND MC33039 


Pe oO 


MC33035 


SIsalgigiois 


ls 


© VM (18 to 30 V) 


© TP2 


0.05/1.0 W 


1N4148 0.1 
OL Reset 

Latch On J we 

Fault . 47 


MOTOROLA LINEAR/INTERFACE DEVICES 


4-92 


MC33035 


Sensor Phasing Comparison 

There are four conventions used to establish the rel- 
ative phasing of the sensor signals in three phase 
motors. With six step drive, an input signal change must 
occur every 60 electrical degrees, however, the relative 
signal phasing is dependent upon the mechanical sen- 
sor placement. A comparison of the conventions in elec- 
trical degrees is shown in Figure 40. From the sensor 
phasing table, Figure 41, note that the order of input 
codes for 60° phasing is the reverse of 300°. This means 
the MC33035, when configured for 60° sensor electrical 
phasing, will equally operate a motor with either 60° or 
300° sensor electrical phasing, but resulting in opposite 
directions of rotation. The same is true for the part when 
it is configured for 120° sensor electrical phasing; the 
motor will equally operate, but will result in opposite 
directions of rotation for 120° for 240° conventions. 


FIGURE 40 — SENSOR PHASING COMPARISON 
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Sensor Electrical Phasing 


In this data sheet, the rotor position is always given 
in electrical degrees since the mechanical position is a 
function of the number of rotating magnetic poles. The 
relationship between the electrical and mechanical 
position is: 


#Rotor “ates 


Electrical Degrees = Mechanical Degrees ( 5 


An increase in the number of magnetic poles causes 
more electrical revolutions for a given mechanical rev- 
olution. General purpose three phase motors typically 
contain a four pole rotor which yields two electrical 
revolutions for one mechanical. 


Two and Four Phase Motor Commutation 

The MC33035 is also capable of providing a four step 
output that can be used to drive two or four phase 
motors. The truth table in Figure 42 shows that by con- 
necting sensor inputs Sp and Sc together, it is possible 
to truncate the number of drive output states from six 
to four. The output power switches are connected to 
Br, Cty, Bp, and Cp. Figure 43 shows a four phase, four 
step, full wave motor control application. Power switch 
transistors Q1 through Q8 are Darlington type, each 
with an internal parasitic catch diode. With four step 
drive, only two rotor position sensors spaced at 90 elec- 
trical degrees are required. The commutation wave- 
forms are shown in Figure 44. 

Figure 45 shows a four phase, four step, half wave 
motor controller. It has the same features as the circuit 
in Figure 38, except for the deletion of speed control 
and braking. 


FIGURE 42 — TWO AND FOUR PHASE, FOUR STEP, 
COMMUTATION TRUTH TABLE 
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FIGURE 41 — SENSOR PHASING TABLE 
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Inputs Outputs 
Sensor Electrical Top Drives | Bottom Drives 
Spacing* = 90° 
SA SB F/R Br CT BB CB 
1 0 1 1 1 0 1 
1 1 1 0 1 0 0 
0 1 1 1 0 0 0 
0 0 1 1 1 | 0 
1 0 0 ia 0 0 0 
1 1 0 1 1 1 0 
0 1 0 1 1 0 1 
0 0 0 0 1 0 0 


*With MC33035 sensor input Sg connected to Sc 
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FIGURE 43 — FOUR PHASE, FOUR STEP, FULL WAVE CONTROLLER 
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FIGURE 44 — FOUR PHASE, FOUR STEP, FULL WAVE MOTOR CONTROLLER 
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FIGURE 45 — FOUR PHASE, FOUR STEP, HALF WAVE MOTOR CONTROLLER 
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Brush Motor Control 

Though the MC33035 was designed to control brush- 
less DC motors, it may also be used to control DC brush- 
type motors. Figure 46 shows an application of the 
MC33035 driving a Motorola MPM3002 MOSFET 
H-bridge affording minimal parts count to operate a 
one-tenth horsepower brush-type motor. Key to the 
operation is the input sensor code [100] which produces 
a top-left (Q1) and a bottom-right (Q4) drive when the 
controller's forward/reverse pin is at logic [1]; top-right 
(Q2), bottom-left (Q3) drive is realized when the forward/ 
reverse pin is at logic [0]. This code supports the require- 
ments necessary for H-bridge drive accomplishing both 
direction and speed control. 


The controller functions in a normal manner with a 
pulse width modulated-frequency of approximately 
25 kHz. Motor speed is controlled by adjusting the volt- 
age presented to the noninverting input of the error 
amplifier establishing the PWM’s slice or reference 
level. Cycle-by-cycle current limiting of 3.0 amperes 
motor current is accomplished by sensing the voltage 
(100 mV) across the 47 Ohm resistor to ground of the 
H-bridge motor current. The over current sense circuit 
makes it possible to reverse the direction of the motor, 
using the normal forward/reverse switch, on the fly and 
not have to completely stop before reversing. 


FIGURE 46 — H-BRIDGE BRUSH-TYPE CONTROLLER 
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*Single Package MPM3002 MOSFET H-Bridge 
M = 1/10th horsepower DC brush-type motor 


LAYOUT CONSIDERATIONS 

Do not attempt to construct any of the brushless 
motor control circuits on wire-wrap or plug-in proto- 
type boards. High frequency printed circuit layout tech- 
niques are imperative to prevent pulse jitter. This is 
usually caused by excessive noise pick-up imposed on 
the current sense or error amp inputs. The printed circuit 
layout should contain a ground plane with low current 
signal and high drive and output buffer grounds return- 


ing on separate paths back to the power supply input 
filter capacitor Vpy. Ceramic bypass capacitors (0.1 uF) 
connected close to the integrated circuit at Vcc, Vc. 
Vref and the error amp noninverting input may be 
required depending upon circuit layout. This provides 
a low impedance path for filtering any high frequency 
noise. All high current loops should be kept as short as 
possible using heavy copper runs to minimize radiated 
EMI. 
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BRUSHLESS MOTOR 


CLOSED-LOOP BRUSHLESS MOTOR ADAPTER ADAPTER 
The MC33039 is a high performance closed-loop speed control SILICON MONOLITHIC 
adapter specifically designed for use in brushless dc motor control INTEGRATED CIRCUIT 


systems. Implementation will allow precise speed regulation with- 
out the need for a magnetic or optical tachometer. This device 
contains three input buffers each with hysteresis for noise immu- 
nity, three digital edge detectors, a programmable monostable, 
and an internal shunt regulator. Also included is an inverter output 
for use in systems that require conversion of sensor phasing. 
Although this device is primarily intended for use with the 
MC33034 brushless motor controller, it can be used cost effec- 
tively in many other closed-loop speed control applications. 


e@ Digital Detection of Each Input Transition for Improved Low 
Speed Motor Operation 


@ TTL Compatible Inputs With Hysteresis P SUFFIX 
: ; : PLASTIC PACKAGE 
@ Operation Down to 5.5 V for Direct Powering from MC33034 CASE 626 


Reference 


@ Internal Shunt Regulator Allows Operation from a Non- 
Regulated Voltage Source 


® Inverter Output for Easy Conversion Between 60°/300° and &. 
8 


tt 
120°/240° Sensor Phasing Conventions me 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


REPRESENTATIVE BLOCK DIAGRAM 
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ORDERING INFORMATION 


Temperature 
Device Range Package 
MC33039D SO-8 
— 40°C to + 85°C - 
MC33039P Plastic DIP 
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MC33039 


MAXIMUM RATINGS 


Logic Input Current (Pins 1, 2, 3) 


Output Current (Pin 4, 5), Sink or Source 


Power Dissipation and Thermal Characteristics 
Maximum Power Dissipation @ Ta = +85°C 
Thermal Resistance Junction to Air 


Operating Junction Temperature 


ELECTRICAL CHARACTERISTICS (Vcc = 6.25 V, RT = 10k, CT = 22 nF, Ta = 25°C unless otherwise noted) 


Characteristic | _symbor | min | tye | Max | unit | 


LOGIC INPUTS 


Input Threshold Voltage 
High State 
Low State 
Hysteresis 


Input Current 
High State (Vip = 5.0 V) 
oA 
$B, $C 
Low State (Vip = 0 V) 


MONOSTABLE AND OUTPUT SECTIONS 


Output Voltage 
High State 
fout source = 5.0 mA) 


A (lsource = 2.0 mA) 
Low State 


fout (Isink = 10 mA) 
A (Isink = 10 mA) 


= 
POWER SUPPLY SECTION 


Zener Voltage (Iz = 10 mA} 


Zener Dynamic Impedance (Alz = 10 mA to 20 mA, f < 1.0 kHz) 
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FIGURE 1 — TYPICAL THREE PHASE, SIX STEP MOTOR APPLICATION 
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OPERATING DESCRIPTION 


The MC33039 provides an economical method of 
implementing closed-loop speed control of brushless dc 
motors by eliminating the need for a magnetic or optical 
tachometer. Shown in the timing diagram of Figure 1, 
the three inputs (Pins 1, 2, 3) monitor the brushless 
motor rotor position sensors. Each sensor signal tran- 
sition is digitally detected, OR‘ed at the Latch ‘Set’ Input, 
and causes CT to discharge. A corresponding output 
pulse is generated at fous (Pin 5) of a defined amplitude, 
and programmable width determined by the values 
selected for Rt and Cy (Pin 6). The average voltage of 
the output pulse train increases with motor speed. 
When fed through a low pass filter or integrator, a dc 
voltage proportional to speed is generated. Figure 2 
shows the proper connections for a typical closed loop 


Speed 


application using the MC33034 brushless motor con- 
troller. Constant speed operation down to 100 RPM is 
possible with economical three phase four pole motors. 
The $, inverter output (Pin 4) is used in systems 
where the controller and motor sensor phasing con- 
ventions are not compatible. A method of converting 
from either convention to the other is shown in Figure 3. 
For a more detailed explanation of this subject, refer to 
the text above Figure 39 on the MC33034 data sheet. 
The output pulse amplitude Voy is constant with tem- 
perature and controlled by the supply voltage on Vcc 
(Pin 8). Operation down to 5.5 V is guaranteed over 
temperature. For systems without a regulated power 
supply, an internal 8.25 V shunt regulator is provided. 
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FIGURE 2 — TYPICAL CLOSED-LOOP SPEED CONTROL APPLICATION 
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FIGURE 3 — CONVERSION BETWEEN SENSOR PHASING CONVENTIONS 
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FIGURE 4 — foyt PULSE WIDTH versus TIMING RESISTOR FIGURE 5 — fout, PULSE WIDTH CHANGE 
versus TEMPERATURE 
+16 5 + T 
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MOTOROLA 
= SEMICONDUCTOR yee 
TECHNICAL DATA 


STEPPER MOTOR DRIVER 


The SAA1042 drives a two-phase stepper motor in the bipolar 
mode. The device contains: three input stages, a logic section and 
two output stages. 


e Drive Stages Designed for Motors: 6.0 V and 12 V: SAA1042 
24 V: SAA1042A 


500 mA/Coil Drive Capability 

Built-In Clamp Diodes for Overvoltage Suppression 

Wide Logic Supply Voltage Range 

Accepts Commands for CW/CCW and Half/Full Step Operation 
Inputs Compatible with Popular Logic Families: MOS, TTL, DTL 
Set Input Defined Output State 


Drive Stage Bias Adaptable to Motor Power Dissipation for 
Optimum Efficiency 


FIGURE 1 — SAA1042 BLOCK DIAGRAM 


Clock 
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CW/CCW Logic 
Tr 
Full/ 
Half Step 
IT 


SAA1042 


SAA1042A 


STEPPER MOTOR DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 
CASE 721 


PIN ASSIGNMENT 


Set/Driver Bias {_] 6 
10, | CW/CCW 
Full/Half Step {_] 8 


(Top View) 


Note: Case heatsink is electrically connected to 
ground (Pin 9) through the die substrate. 
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MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted) 


Rating | Symbol SAA1042 | SAA1042A | Unit 
Clamping Voltage (Pins 1, 3, 14 & 16) | Velamp 20 | 30 Vee 
Over Voltage (Voy = Vclamp — VM) | Vov 6.0 {Vv 
Supply Voltage L Vcc 20 | 30 | V | 
Switching or Motor Current/Coil IM 500 mA _| 
Input Voltage (Pins 7, 8 & 10) | Vin clock Vcc Vv 
Vin Full/Half 
Vin CwW/CCW =a 
Power Dissipation (Note 1) Pp 2.0 Ww 
Derate above Ta = 25°C Vesa 20 mwrc 
Thermal Resistance, Junction to Air QJA 50 °C/W 
Thermal Resistance, Junction to Case eJC 8.0 °C/W 
Operating Junction Temperature Range Ty —~30 to +125 °c 
Storage Temperature Range Tstg —65 to +150 °C 


NOTE: 1. The power dissipation, Pp, of the circuit is given by the supply voltage, Vy and Vcc, and the 
motor current, |jy, and can be determined from Figures 3 and 5. Pp = Parive + Plogic- 


ELECTRICAL CHARACTERISTICS (Ta = +25°C) 


Characteristic Pin at Symbol | | Vec — ne te Max | Unit | 
Supply Current 11 lec 5.0V — — 3.5 | mA 
20 V _— _ 8.5 
Motor Supply Current 15 | IM | mA 
(1 Pin 6 = —400 pA, Pins 1, 3, 14, 16 Open) 
Vu = 6.0V 5.0V —_ 25 _ 
VM = 12V 5.0 V oe 30 = 
Vm = 24V 5.0 V — 40 — 
Input Voltage — High State 7, 8,10 VIH 5.0 V 2.0 — — Vv 
10 V 7.0 — — 
15V 10 ae = 
20 V 14 — ~_ 
Input Voltage — Low State 7, 8,10 VIL 5.0 V — — 0.8 Vv 
10 V — —_— 1.5 
15V _— _ 2.5 
20 V — — 3.5 
Input Reverse Current — High State 7, 8,10 iR 5.0 V ~ — 2.0 | BA 
(Vin = Vcc) 10 V — _ 2.0 
15 V _— _ 3.0 
20 V — _ 5.0 
Input Forward Current — Low State 7, 8, 10 iE 5.0V —10 _ _ pA 
(Vin = Gnd) 10 V ~25 _ — 
15 V — 40 _ _ 
= 3 20 V —55 _ — 
Output Voltage — High State 1, 3, 14, 16 VOH 5.0 to 20 V I a Vv 
(Vm = 12V) Iout = —500 mA — |Vm-20}) — 
lout = — 50 mA — |VM-12| — 
Output Voltage — Low State 1, 3, 14, 16 VOL 5.0 to 20 V Vv 
lout = 500 mA — 0.7 = 
lout = 50 mA ay L_ _ 0.2 — 
Output Leakage Current 1, 3, 14, 16 IDR 5.0to20V |-100 _ — | pA 
(Vv Fore = Velamp max:) 
Pin 6: Open 
cbenpe ———+ al mie 
Clamp Diode Forward Voltage 2 Ve — ~ 2.5 3.5 Vv 
(Drop at ly = 500 mA) hs oa 
| Clock Frequency 7 Lt 5.0 to 20V | LT | 50 kHz 
Clock Pulse Width 7 | tw 5.0 to 20 V 10 — — bus 
Set Pulse Width 6 bi ts _ 10 | — —_ BS 
Set Control Voltage — High State 6 = _ Vm — — Vv 
Low State stile = {= _— 0.5 | 
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SAA1042, SAA1042A 


INPUT/OUTPUT FUNCTIONS 


Clock — (Pin 7) This input is active on the positive edge 
of the clock pulse and accepts Logic ‘1’ input levels 
dependant on the supply voltage and includes hyster- 
esis for noise immunity. 


CW/CCW — (Pin 10) This input determines the motor's 
rotational direction. When the input is held low, (OV, 
see the electrical characteristics) the motor’s direction 
is nominally clockwise (CW). When the input is in the 
high state, Logic ‘1,’ the motor direction will be nomi- 
nally counter clockwise (CCW), depending on the motor 
connections. 


Full/Half Step — (Pin 8) This input determines the an- 
gular rotation of the motor for each clock pulse. In the 
low state the motor will make a full step for each applied 
clock pulse, while in the high state, the motor will make 
half a step. 


Vp — (Pin 2) This pin is used to protect the outputs (1, 
3, 14, 16) where large positive spikes occur due to 
switching the motor coils. The maximum allowable volt- 
age on these pins is the clamp voltage (Vc|amp). Motor 
performance is improved if a zener diode is connected 
between Pin 2 and Pin 15 as shown in Figure 1. 

The following conditions have to be considered when 
selecting the zener diode: 


Velamp = Vu + 6.0 Vv 


Vz = Velamp ~ Vm ~ Ve* 
where: Ve = clamp diodes forward voltage drop (see 
Figure 4) 
Velamp: 
= 20 V for SAA1042 
= 30 V for SAA1042A 


Pins 2 and 15 can be linked, in this case V7 = OV. 


Set/Bias Input — (Pin 6) This input has two functions: 


The resistor Rg adapts the drivers to the motor 
current. 


A pulse via the resistor Rg sets the outputs (1, 3, 14, 
16) to a defined state. 


The resistor Rp can be determined from the graph of 
Figure 2 according to the motor current and voltage. 
Smaller values of Rp will increase the power dissipation 
of the circuit and larger values of Rg may increase the 
saturation voltage of the driver transistors. 

When the “set” function is not used, terminal A of 
the resistor Rg must be grounded. When the set func- 
tion is used, terminal A has to be connected to an open- 
collector (buffer) circuit. Figure 7 shows this configu- 
ration. The buffer circuit (off-state) has to sustain the 
motor voltage Vyy. When a pulse is applied via the 
buffer and the bias resistor Rp: 


During the pulse duration, the motor driver transis- 


tors are turned off. 


After elapsing the pulse, the outputs will have defined 
states. 


Figure 6 shows the timing diagram. 

Figure 7 illustrates a typical application in which the 
SAA1042 drives a 12 V stepper motor with a current 
consumption of 200 mA/coil. 

A bias resistor (Rg) of 56 kM is chosen according to 
Figure 2. 

The maximum voltage permitted at the output pin is 
Vm + 6.0 V (see the Maximum Ratings), in this appli- 
cation Vyyq = 12 V, therefore the maximum voltage is 
18 V. The outputs are protected by the internal diodes 
and an external zener connected between Pins 2 and 
15. 

From Figure 4, it can be seen that the voltage drop 
across the internal diodes is about 1.7 V at 200 mA. This 
results in a zener voltage between Pins 2 and 15 of: 


V7 =60V-17V=43V. 

To allow for production tolerances and a safety mar- 
gin, a 3.9 V zener has been chosen for this example. 

The clock is derived from the line frequency which is 
phase locked by the MC14046B and the MC14024. 

The voltage on the clock input, is normally low (Logic 
‘0’). The motor steps on the positive going transition of 
the clock pulse. 

A Logic ‘0’ applied to the Full/Half input, Pin 8, op- 
erates the motor in the Full Step mode. A Logic ‘1’ at 
this input will result in the Half Step mode. The logic 
level state on the CW/CCW input, Pin 10, and the con- 
nection of the motor coils to the outputs determines the 
rotational direction of the motor. 

These two inputs should be biased to a Logic ‘0’ or 
‘1’ and not left floating. In the event of non-use, they 
should be tied to ground or the logic supply line, Vcc. 

The output drivers can be set to a fixed operating 
point by use of the Set input and a bias resistor Rp. A 
positive pulse to this input turns the drivers off and sets 
the logic state of the outputs. 

After the negative going transition of the Set pulse, 
and until the first positive going transition of the clock, 
the outputs will be: 


L1 = L3 = high and L2 = L4 = low. 
(See Figure 6, the timing diagram). 

The Set input can be driven by a MC14007B or a tran- 
sistor whose collector resistor is Rg. If the input is not 
used, the ‘bottom’ of Rg must be grounded. 

The total power dissipation of the circuit can be de- 
termined from Figures 3 and 5. 

Pp = 0.9W + 0.08 W = 0.98 W. 

This results in a junction to ambient temperature, 

without a heatsink of: 


Ty — Ta = 50°C/Wx0.98 W = 49°C. 
or a maximum ambient temperature of 76°C. For op- 
eration at elevated temperatures a heatsink is required. 
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FIGURE 2 — BIAS RESISTOR Rg versus MOTOR CURRENT FIGURE 3 — DRIVE STAGE POWER DISSIPATION 
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FIGURE 6 — TIMING DIAGRAM 
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FIGURE 7 — TYPICAL APPLICATION 
SELECTABLE STEP RATES WITH THE TIME BASE DERIVED FROM THE LINE FREQUENCY 
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MOTOROLA 
m= SEMICONDUCTOR xy TDA1085A 
TECHNICAL DATA 


UNIVERSAL MOTOR SPEED CONTROLLER UNIVERSAL MOTOR 
SPEED CONTROLLER 


The TDA1085A has all the necessary functions for the speed 
control of universal (ac/dc) motors in an open or closed loop 
configuration. Additionally it has the facility for defining the initial 
speed/time characteristic. The circuit provides a phase angle var- 
ied trigger pulse to the motor control triac. 
® Guaranteed Full Wave Triac Drive 

Soft Start from Powerup 

On-Chip Frequency/Voltage Convertor and Ramp Generator 


e 

@ 

@ Current Limiting Incorporated 
® 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Direct Drive from ac Line 
16 


1 


PLASTIC PACKAGE 
CASE 648 


FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT 
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TDA1085A 


MAXIMUM RATINGS 


Parameter = Symbol Value Unit 
Power Supply Voltage VPin 9-8 Vv 
Power Supply Current (Pin 10 Open) | iping | 58 mA 
Peak Power Supply Regulation Current | Ipin 9 + IPin 10 35 mA 
i ie ee ee = 
Peak ac Synchronization Input Current IPin 1 +1.0 mA 
IPin 2 
Peak Output Triggering Current IPin 13 200 mA 
(Pulse Width 300 us; Duty 
Cycle = 3%) 
Current Drain per Listed Pin 15 1.0 mA 
I3 -5.0 
112 3.0, +0.1 
= 
| Power Dissipation (Ta = 25°C) Pp 625 mW 
Derate above 25°C VRaJA 6.8 mW/°C 
| 
Operating Temperature Range T Oto +70 °C 
Pp 9g p' 9g A 
Storage Temperature Range Tstq —55 to +125 °C 


ELECTRICAL CHARACTERISTICS (Ta = + 25°C unless otherwise noted) 
Characteristic Symbol! 
VOLTAGE REGULATOR 


Regulated Voltage* 
(Ig + I4q = 10 mA) 


Monitoring Enable Level* 


Monitoring Disable Level* 


Internal Current Consumption (Note 1} 


RAMP GENERATOR 
Reference Input Voltage Range (Note 2) 


Reference input Bias Current 


Distribute Low Level Voltage Range 
Distribute — Low Level (Figure 2) 


Distribute — Upper Level* (Figure 2) 
(VPin 6 = 950 mV) 


Low-High Acceleration Range (Figure 2) 


High Acceleration Charging Current 


Low Charging Current (Note 3) 


NOTES: 
1. Pins 1, 2, 11, 12, 14 and 15 not connected; Pins 4, 5, 6 and 7 grounded to Pin 8: Vcc = 15.5 V. 


2. When Vpin 5 is = 80 mV, the internal monitoring circuit interprets it as a true zero, thus minimizing the effects of control amplifier offsets. 


3. This value should be accounted for when externally setting the distribute acceleration charging current. 


* These figures apply for the application shown in Figure 4. 
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TDA1085A 


ELECTRICAL CHARACTERISTICS (Continued) 


CURRENT LIMITER 


Stage Current Gain 


Output Discharge Current Swing 


CONTROL AMPLIFIER 


Actual Speed Voltage Range 


Actual Speed Input Bias Current 


Total Input Offset Voltage (Note 4) 


Transconductance ( Alpin 4 ) 
Vpin 4 - VPin 7 
Output Current Swing 
FREQUENCY/VOLTAGE CONVERTER 
Input Signal Low Voltage (Note 5) 


Input Signal High Voltage 


Polarization Current 


Conversion Rate* (Note 6) 


Linearity* (Figure 3) 

TRIGGER PULSE GENERATOR 
Voltage Synchronization Levels +50 ee Ss 
Current Synchronization Levels | +50 | — [| pa | 


Input Voltage Swing 
(for full angle swing) 


Trigger Pulse Width (Note 7) 
Trigger Pulse Repetition Period 


Trigger Pulse High Level VPin 13 Vv 
(Ipin 13 = 150 mA) Vec-4 = — 

Output Leakage Current loPin 13 pA 
(VPin 13 = 0 V) a — 30 

4. Vogt is defined as being the voltage difference between Pin 5 and 4 with no current flow on Pin 16. 


5. The negative swing is clamped to ~ 0.3 V. 
180 x 103 


~1. freq in. 
RPin 11 ) 


6. Vpin 4 = k*Cpin 11° (VCC Va) * RPin 4° (1 + 
Where: 9 < K < 13 & Vg = 1.3 V. 

7. The timing given is when Cpj, 14 = 47 nF. 

* These figures apply for the application shown in Figure 4. 
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INPUT/OUTPUT FUNCTIONS 


VOLTAGE REGULATOR — (Pins 8, 9, 10). This is a par- 
allel type voltage regulator able to sink a large amount 
of current while offering good regulation characteristics. 

A resistor between Pins 9 and 10 reduces the internal 
power dissipation. Under minimal current sink condi- 
tions (min. current from the unregulated supply, max. 
consumption by the circuitry), at least 1.0 mA should 
flow through this resistor. Under max. sink conditions 
(max. current from the unregulated supply, min. con- 
sumption by the circuitry), the maximum resistor value 
is chosen so that the voltage at Pin 10 falls towards 3.0 
V, but not lower. The above, fixed dynamic range of the 
regulator must not be exceeded within one line cycle. 

A power supply failure causes shutdown. 

For operation from an externally regulated voltage, 
Pin 10 is not connected. 


SPEED SENSING — (Pins 4, 11, 12). Speed sensing can 
be achieved either digitally (tachogenerator frequency) 
or analogically (tachogenerator amplitude). 

For digital sensing, a bipolar signal with respect to 
ground is applied to Pin 12. During positive excursions 


FIGURE 2 — RAMP GENERATOR 
TRANSFER CHARACTERISTIC 


VPin 5 


Vou = 2VbL 
Vpin 6 = VDL 


High Acceleration 
Low Acceleration 


High Acceleration 


The shape of the curve is determined by CRp;, 7; where 
Cpin 7 defines the high acceleration slope and Rpjn 7 
defines that of the low acceleration. 


Cpjn 11 is charged. An internal mirror delivers ten times 
the charge on Cpjn 73 via Pin 4. However, due to internal 
circuitry, the charge on Pin 4 can vary in the region of 
9 to 13 times the charge on Cpj, 71. For that reason it 
is necessary to calibrate the Frequency/Voltage Con- 
vertor (F/VC) with a variable resistor on Pin 4. Thus the 
relationship between speed and Vpin q is defined by 
Rpin 4 and Cpin 11. 

To maintain linearity in the high speed ranges it is 
important that Cpj, 77 is fully charged across an equiv- 
alent resistor of about 180 kf. {t should be borne in 
mind that the impedance on Pin 11 should be kept as 
low as possible as Cpjp, 14 has a large influence on the 
temperature coefficient of the FV/C. The time constant 
on Pin 4 should also be kept as low as possible. 

Pin 12 is also an impedance monitoring input; at high 
impedances Vpijp 12 increases. Should Vpin 12 exceed 
5.0 V the triac trigger pulses are inhibited and the circuit 
resets. 

A 470 kQ resistor from Pin 11 to +Vc¢c significantly 
reduces the leakage current and reduces the device tem- 
perature coefficient to almost zero. 


FIGURE 3 — FREQUENCY/VOLTAGE CONVERTER 
OUTPUT CHARACTERISTIC 
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TDA1085A 


INPUT/OUTPUT FUNCTIONS (continued) 


For analog sensing input 12 should be grounded and 
a positive signal, with respect to ground, Pin 8, applied 
to Pin 4. 


RAMP GENERATOR — (Pins 5, 6, 7) (refer to Figure 2). 
A preset voltage applied to Pin 5 will initiate the gen- 
eration of a ramp whose final value is determined by 
the voltage applied to Pin 5. The voltage applied to Pin 
6 will determine how much of the full ramp, shown in 
Figure 2, is used. The charging current passing through 
Pin 7 to the ramp generator timing capacitor determines 
the ramp slope. 

When Pin 6 is held at — Vcc a charging current of 1.2 
mA is delivered to Pin 7, regardless of the voltage of 
Pin 5. This represents the high acceleration period 
shown in Figure 2. 

If the preset voltage applied to Pin 5 is equal to or 
less than the voltage on Pin 6 the charging current will 
be 1.2 mA, or high acceieration. 

If the preset voltage applied to Pin 5 is between Vpjn 
6 and 2 Vpjn g the charging current is 1.2 mA (high 
acceleration) until the voltage at the reference input of 
the control amplifier equals Vpin g. At this point the 
charging current will switch to 5.0 yA; i.e. low 
acceleration. 

If the preset voltage applied to Pin 5 is greater than 
2 VpPin g the charging current will be 1.2 mA (high ac- 
celeration) until the control amplifier’s reference input 
reaches Vpjn g when it will switch to 5.0 uA (low ac- 
celeration) until 2 Vpjp 6 is reached. At this point the 
charging current will revert to 1.2 mA, high acceleration, 
until the final value of Vpjp 5 is reached. 

Should the preset voltage at Pin 5 fall below 80 mV, 
the triac trigger pulses are inhibited and the circuit re- 
sets. This fact should be borne in mind when switching 
from one preset value to another. 

As long as the voltages applied at Pins 5 and 6 are 
derived from the internal voltage regulator, they and 
the voltage on Pin 4 are ratioed and thus independent 
of the voltage regulator spread and temperature 
coefficient. 


CURRENT LIMITER — (Pin 3). Safe operation of the 
motor and triac under all conditions is ensured by re- 
ducing the motor speed if a preset current limit is 
exceeded. 


This is achieved as follows: The motor current will 
set up an alternating current, consisting of positive and 
negative peaks through the shunt resistor (0.05 19 in 
Figure 4). 

The negative peaks of this current are fed through a 
resistor to Pin 3 where they are compared with a preset 
current defined by a resistor between Pin 3 and +Vcc. 
An excessive shunt current will try to pull Pin 3 below 
-Vcc, but the current limiter becomes active at this 
point and reduces the charge on Cpj, 7, consequently 
reducing the motor speed. 

Thus the value of the shunt and the ratio of the two 
resistors to Pin 3 fix the level at which the limiter be- 
comes active, while the parallel equivalent of the two 
resistors determines the magnitude of the discharge 
current and thus how rapidly the circuit responds to an 
overcurrent condition. 


CONTROL AMPLIFIER — (Pin 16). Connected to this pin 
is a network which compensates electrically for the 
mechanical characteristics of the motor and its load to 
give the circuit optimum closed loop stability and tran- 
sient response. 

The component values are best determined empiri- 
cally by connecting R and C substitution boxes and look- 
ing for the best results. 


TRIGGER PULSE GENERATOR — (Pins 1, 2, 13, 14, 15). 
This circuit performs four functions: 


1. The conversion of the contro! amplifier’s dc output 
level to a proportional firing angle positioned to 
within half a line cycle. 

2. The calibration of the pulse width. 

3. The repetition of the firing pulse if the triac fails 
to latch, or if the current is interrupted by brush 
bounce. 

4. To delay the firing pulse until the current crosses 
zero at wide firing angles. 


Rpin 15 and Cpjn 14 fix the sawtooth while Cpin 14 
also determines the pulse width. 

Pin 13 is the trigger pulse output. A current limiting 
resistor is essential on this pin. This configuration will 
drive two thyristors controlling a bridge if the supply 
for the speed controller is isolated. 
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TYPICAL APPLICATIONS 


FIGURE 4 — CLOSED LOOP, FULLY PROGRAMMED, MULTI-SPEED SYSTEM WITH CURRENT LIMITING 


R2 RI 
270 | 56k 
i eg as Fa in4oos | PH 
fe 9 R21 9 R20 QO 33 100 pF |100 uF 15 V/10000 rom 
> *l o7k 47K : any NZL eee 
R18 < Ri4 84 mH 
56 k S 120 k (™) oes © 
D2 dal 
1N4148 
MT2 Wy R22 
2n63a7 "Ae 2450 
AG C3 
22k {0.1 uF 680 V 


* Chosen to suit the speeds required 
** Adjust for the highest speed 
*** Required only with ‘A’ suffix device 


Speed Control Resistor Network Equations 


Tr Ts] 


sc = switch closed 
oc = switch open 


Note: 
R15 = R21 | K.V ) When changing from one speed to another Vpin 5 must not be allowed 
7 15.5 V (2-K) to fall below 80 mV — otherwise the circuit will reset and restart from 
zero. 
15.5 V ; ps 
R14 = R15 arg -1) The component values given in Figure 4 correspond to: 
The ratio distribute speed to wash speed can be chosen as: Vw = 07V 
Vp = 1.13V 
Vv Vspi = 50V 
DIST <2=K ys ae 
VWASH spin 2 ve 


he 
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FIGURE 5 — OPEN LOOP, SOFT START — WITH 
PROGRAMMED TIME TO MAX. SPEED 
(t = Cpjy 7. 65 x 105) 
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FIGURE 6 — OPEN LOOP, 
SOFT-START/SOFT-STOP, 
LIGHTING/INDUCTIVE LOAD CONTROLLER 
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= SEMICONDUCTOR SEE TDA1085C 
TECHNICAL DATA 


UNIVERSAL MOTOR 
UNIVERSAL MOTOR SPEED CONTROLLER SPEED CONTROLLER 


The TDA1085C is a phase angle triac controller having all the LINEAR INTEGRATED CIRCUIT 
necessary functions for universal motor speed control in washing 
machines. It operates in closed loop configuration and provides 
two ramps possibilities. 


On-Chip Frequency to Voltage Converter 
On-Chip Ramps Generator 

Soft Start 

Load Current Limitation rs 
Tachogenerator Circuit Sensing a : 
Direct Supply from AC Line : 
Security Functions Performed by Monitor 


D SUFFIX 
PLASTIC PACKAGE = PLASTIC PACKAGE 
CASE 648 CASE 7518 
(SO-16) 


FIGURE 1— BLOCK DIAGRAM AND PIN ASSIGNMENT 


+ Voc 


O 
SHUNT REGULATOR } 
© 
BALLAST RESISTOR 


SPEED I | TRIGGER PULSE 
GEN. 
DETECTOR : e S1 
RAMP CONTROL 
i GENERATOR i | AMP, 
q > 


CURRENT 
LIMITER 


DIGITAL SPEED SENSE © 

F/VC PUMP CAPACITOR Q 

ACTUAL SPEED 9 

SETSPEED 9 

RAMP CURRENT GEN.CONTROL 9 
MOTOR CURRENT LIMIT 
RAMP GEN. TIMING 
CLOSED LOOP STABILITY 
SAWTOOTH CAPACITOR 
SAWTOOTH SET CURRENT 
VOLTAGE SYNCHRONIZATION 
CURRENT SYNCHRONIZATION 

TRIGGER PULSE OUTPUT © 
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MAXIMUM RATINGS (T, = 25°C, Voitages are referred to pin 8, Ground) 


Power Supply, when externally regulated, Vpjpg Vcc 15 V 
Maximum Voltage per listed pin Vpin Vv 

Pin 3 +5.0 

Pin 4-5-6-7-13-14-16 Oto +Vcc 

Pin 10 Oto +17 
Maximum Current per listed pin Ipin mA 

Pin 1 and 2 —3.0 to +3.0 

Pin 3 —1.0 to +0 

Pin 9 (Vcc) 15 

Pin 10 shunt regulator 35 

Pin 12 —1.0 to +1.0 

Pin 13 — 200 


Maximum Power Dissipation 


Junction to Air Thermal Resistance 


Operating Junction Temperature —10 to +120 °C 
Storage Temperature Range —55 to + 150 °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Characteristic Symbol Min Typ | Max | Unit 
VOLTAGE REGULATOR 
Internally Regulated Voltage (Vpjng) Vcc 15 15.3 15.6 V 
(Pin? = 0 'Ping + 'Pin1o = 15 MA, |Pin13 = 0) 
Vcc Temperature Factor TF — — 100 _— mC 
CC per pp 
Current Consumption (Iping) lec = 4.5 6.0 mA 
(Vg = 15 V, V12 = Vg = 0,14 = I2 = 100 pA, 
all other pins not connected) 
Vcc Monitoring Enabling Level Vcc EN — Vcc — 0.4 _ Vv 
Disable Level Vcc DIS — Vcc -1.0 — 
RAMP GENERATOR 
Reference Speed Input Voltage Range Veins 0.08 — 13.5 
Reference Input Bias Current —|Pin5 0 0.8 
Ramp Selection Input Bias Current — Ping 0 ~ 1.0 
Distribution Starting Level Range (Vps) Ving 0 ~ | 20 | vi | 
Distribution Final Level (VpF) Vps/Vpin6 2.0 2.09 
Vping = 0.75 V 
pas 
High Acceleration Charging Current —|Pin7 mA 
VPin7 = 0V 1.0 _ 1.7 
Vpin7 = 10 V 1.0 1.2 1.4 
Distribution Charging Current —|Pin7 4.0 5.0 6.0 LA 
VPin7 = 2.0 Volts | 
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ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


eee 


TDA1085C 


Tsar] 


Min 


Typ Max 


CURRENT LIMITER 


Limiter Current Gain — Ipin7/lPin3 Cg 130 
(IPing = —300 nA) 
Detection Threshold Voltage VPin3 TH 


IPing = ~10 pA 


FREQUENCY TO VOLTAGE CONVERTER 


Unit 


Input Signal ‘‘Low Voltage” V42L 
Input Signal ‘High Voltage” Vi2H 
Monitoring Reset Voltage Vi2R 
Negative Clamping Voltage —V12CL 
IPint2 = —200 pA 
Input Bias Current —!Pint2 
Internal Current Source Gain G.0 
IPind 
= » Vping = VPi =0 
pint Pin4 Pin11 
Gain Linearity versus Voltage on Pin 4 G/Gg.¢ 
(Gg.g = Gain for Vping = 8.6 Volts) 
V4 =0V 1.04 1.05 1.06 
V4 =43V 1.015 1.025 1.035 
V4 = 12V 0.965 0.975 0.985 
Gain Temperature Effect (Vpjn4 = 0) TF _ 350 _ ppm/°C 
Output Leakage Current (Ipin11 = 0) — Pina 0 is eee fl 100 nA 


CONTROL AMPLIFIER 
Actual Speed Input Voltage Range 


Input Offset Voltage Vpin5 — Vpina 
(Ipini6 = 0, VPin16 = 3.0 and 8.0 Volts) 


Amplifier Transconductance 
(Ipini6/4 (V5 — V4) 


(IPinig = _+ and —50 pA, VPini6 = 3.0 Volts) 


Output Current Swing Capability 
Source 
Sink 
Output Saturation Voltage 
TRIGGER PULSE GENERATOR 


Synchronization Level! Currents A 
Voltage Line Sensing 'Pin2 — 50 +100 
Triac Sensing IPint _— +50 +100 

Trigger Pulse Duration (Cpin14 = 47 nF, Rpinis = 270 kM) 7 = 5 | — | us 


: 


Trigger Pulse Repetition Period, conditions as a.m. 


Output Pulse Current Vpini3 = Vcc —4.0 Volts 
Output Leakage Current Vpjn13 = —3.0 Volts N3L = = 30 


r 
> 


Full Angle Conduction Input Voltage V14 _ 


Saw Tooth “High” Level Voltage V14H 12 


| 
= 

3 

= 

Ww 
—_ 
fe) 
o 
| | 
nN 

: 


Saw Tooth Discharge Current, Ipinq5 = 100 pA Pinta 95 
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GENERAL DESCRIPTION 


The TDA 1085C triggers a triac accordingly to the speed 
regulation requirements. Motor speed is digitally sensed bya 
tachogenerator and then converted into an analog voltage. 


The speed set is externally fixed and is applied to the internal 
linear regulation input after having been submitted to pro- 
grammable acceleration ramps. The overall result consists in 
a full motor speed range with two acceleration ramps which 
allow efficient washing machine control (Distribute func- 
tion). 


Additionnally, the TDA 1085C protects the whole system 
against AC line stop or variations, overcurrent in the motor 
and tachogenerator failure. 


INPUT/OUTPUT FUNCTIONS 
(Referred to Figures 1 and 8) 


VOLTAGE REGULATOR — (pins 9 and 10) This is a parallel 
type regulator able to sink a large amount of current and 
offering good characteristics. Current flow is provided from 
AC line by external dropping resistors R1, R2, and rectifier: 
This half wave current is used to feed a smoothering capa- 
citor, the voltage of which is checked by the IC. 


When Vee is reached, the excess of current is derived by 
another dropping resistor R10 and by pin 10. These three 
resistors must be determined in order: 


@ to let 1mA flow through pin 10 when AC line is minimum 
and Vec consumption is maximum (fast ramps and pulses 
present). 


@ to let Vi90 reach 3V when AC tine provides maximum cur- 
rent and Vcc consumption is minimum (no ramps 
and no pulses). 


@ all along the main line cycle, the pin 10 dynamic range 
must not be exceeded unless loss of regulation. 


An AC line supply failure would cause shut down. 


The double capacitive filter built with Ry and R2 gives an effi- 
cient Vcc smoothing and helps to remove noise from set 
speeds. 


SPEED SENSING — (pins 4-11-12) The IC is compatible with 
an external analog speed sensing: its output must be applied 
to pin 4, and pin 12 connected to pin 8. 


In most of the applications it is more convenient to use a 
digital speed sensing with an unexpensive tachogenerator 
which doesn’t need any tuning. During every positive cycle at 
pin 12, the capacitor Cpin 11 is charged to almost Vcc and 
during this time, pin 4 delivers a current which is 10 time the 
one charging Cpin 11. The current source gain is called G and 
is tightly specified, but nevertheless requires an adjustment 
on Rpin 4. The current into this resistor is proportional to 
Cpin 11 and to the motor speed; being filtered by a capacitor, 
Vpin 4 becomes smoothered and represents the “true actual 
motor speed”. 


To maintain linearity into the high speed range, it is impor- 
tant to verify that Cpjn 11 is fully charged: the internal source 
on pin 11 has 100 KQ impedance. Nevertheless Cpin 11 has to 
be as high as possible as it has a large influence on FV/C tem- 
perature factor. A 470 KQ resistor between pins 11 and 9 
reduces leakage currents and temperature factor as well, 
down to neglectable effects. 


Pin 12 has also a monitoring function: when its voltage is 
above 5V, the trigger pulses are inhibited and the IC is reset. 
!t also senses the tachogenerator continuity and in case of 
any Circuit aperture, it inhibits pulse, avoiding the motor to 
run Out of control. In the TDA 1085C, pin 12 is negatively 
clamped by an internal diode which removes the necessity of 
the external one used in the former circuit. 


RAMP GENERATOR — (pins 5-6-7) The true Set Speed 
value taken in consideration by the regulation is the output of 
the ramp generator (pin 7). With a given value of speed set 
input (pin 5), the ramp generator charges an external capaci- 
tor Cpin 7 up to the moment Vpin 5 (set speed) equals Vpin4 
(true speed), see fig. 2. The IC has an internal charging cur- 
rent source of 1.2mA and delivers it from O to 12 V at pin 7. It 
is the high acceleration ramp (5 seconds typ.) which allows 
rapid motor speed changes without excessive strains on the 
mechanics. The TDA 1085C offers in addition the possibility 
to break this high acceleration with the introduction of alow 
acceleration ramp (called Distribution) by reducing the pin 7 
source current down to 5 yA under pin 6 full control, as 
shown by following conditions: 


@ Presence of high acceleration ramp Vpin 5 > Vpin 4 


@ Distribution occurs in the Vpin 4 range (true motor speed) 
defined by Vpin 6 = Vpin 4 = 2Vpin 6 


For two fixed values of Vpin 5 and Vpin 6. the motor speed 
wiil have high acceleration, excluding the time for Vpin 4 to 
go from Vpin 6 to two times this value, high acceleration 
again, up to the moment the motor has reached the set speed 
value, at which it will stay, see fig. 3. 


Should a reset happen (whatever the cause would be), the 
above mentionned successive ramps will be fully reproces- 
sed from O to the max. speed. If Vpin 6 = 0, only the high 
acceleration ramp occurs. 


To get a rea! zero speed position, pin 5 has been designed in 
such a way that its voltage from O to 80 mV is interpreted as a 
true zero. As a consequence, when changing the speed set 
position, the designer must be sure that any transient zero 
would not occur: if any, the entire circuit will be reset. 


As the voltages applied by pins 5 and 6, are derived from the 
internal voltage regulator supply and pin 4 voltage is also 
derived from the same source, motor speed, which is deter- 
mined by the ratios between above mentioned voltages, is 
totally independent from Vee variations and temperature 
factor. 


CONTROL AMPLIFIER — (pin 16) It amplifies the difference 
between true speed (pin 4) and set speed (pin 5), through the 
ramp generator. Its output available at pin 16 is a double 
sense current source with a max. capability of + 100 pA anda 
specified transconductance (340 pA/v.typ.). Pin 16 drives 
directly the trigger pulse generator, and must be loaded byan 
electrical network which compensates the mechanical 
characteristics of the motor and its load, in order to provide 
stability in any condition and shortest transient response, 
see fig. 4. 


This network must be adjusted experimentally. 


In case of a periodic torque variations, pin 16 provides 
directly the phase angle oscillations. 
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TRIGGER PULSE GENERATOR — (pins 5 1-2-13-14-15) 
This circuit performs four functions: 


@ The conversion of the control amplifier DC output level to 
a proportionnal firing angle at every main line half cycle. 


@ The calibration of pulse duration. 


@ The repetition of the pulse if the triac fails to latch on if the 
current has been interrupted by brush bounce. 


®@ The delay of firing pulse until the current crosses zero at 
wide firing angles and inductive loads. 


Rpin 15 programs the pin 14 discharging current. Saw-tooth 
signal is then fully determined by R15 and C14 (usually 
47 nF). Firing pulse duration and repetition period are in 
inverse ratio to the saw-tooth slope. 


Pin 13 is the pulse output and an external limiting resistor is 
mandatory. Max current capability is 200 mA. 


CURRENT LIMITER — (pin 3) Safe operation of the motor 
and triac under all conditions is ensured by limiting the peak 
current. The motor current develops an alternative voltage in 
the shunt resistor (0.05 ohm in fig. 4). The negative half 
waves are transferred to pin 3 which is positively preset at a 
voltage determined by resistors R3 and Rq. As motor current 
increases, the dynamical voltage range of pin 3 increases 
and when pin 3 becomes slightly negative in respect of pin 8 
a current starts to circulate in it. This current, amplified typi- 
cally 180 times, is then used to discharge pin 7 capacitor and, 
as a result, reduces firing angle down to a value where an 
equilibrium is reached. The choice of resistors R3, Rq and 
shunt determines the magnitude of the discharge current 
signals on Cpin7. 


Notice that the current limiter acts only on peak Triac current. 


APPLICATION NOTES 
(Referred to Figure 4) 


PRINTED CIRCUIT LAYOUT RULES 

In the common applications, where TDA 1085C is used, there 
is onthe same board, presence of high voltage, high currents 
as well as low voltage signals where millivolts count. It is of 
first magnitude importance to separate them each other and 
to respect following rules: 


@ Capacitors decoupling pins which are the inputs of the 
same comparator, must be physically close to the !C, 
close to each other and grounded in the same point. 


@ Ground connexion for tachogenerator must be directly 
connected to pin 8 and should ground only the tacho. In 
effect the latter is a first magnitude noise generator due to 
its proximity of the motor which induces high d@/dt 
signals. 


e@ The ground pattern must be in the “star style”, in order to 
fully eliminate power currents flowing in the ground net- 
work devoted to capacitors decoupling sensitive pins: 
(4-5-7-11-12-14-16). 


As an example, fig. 5 presents a PC board pattern which 
concerns the group of sensitive pins and their associated 
capacitors into which the a.m. rules have been implemented. 
Notice the full separation of “Signal World” from “Power” 
one by line AB and their communication by a unique strip. 


These rules will lead to much satisfactory volume production 


in the sense that speed adjustment will stay valid in the entire 
speed range. 


POWER SUPPPLY 

As dropping resistor dissipates noticeable power, itis neces- 
sary to reduce the lcc needs down to a minimum. Triggering 
pulses, if a certain number of repetition is in reserve to cope 
with motor brush wearing at end of its life, are the largest Icc 
user. Classical worst case configuration have to be consider- 
ed to select dropping resistor. In addition the parallel regula- 
tor must be always into its dynamic range, i.e. Ipin 10 Over 
1mA and Vpin 10 over 3 volt in any extreme configuraton. The 
double filtering cell is mandatory. 


TACHOGENERATOR CIRCUIT 

The tacho signal voltage is proportional to the motor speed. 
Stability considerations, in addition, require a RC filter the 
pole of which must be looked at. The combination of both 
elements yield a constant amplitude signal on pin 12 in most 
of the speed range. It is recommended to verify this maxi- 
mum amplitude to be within 1 volt peak in order to have the 
largest signal/noise ratio without resetting the integrated 
circuit (which occurs if Vpin 12 reaches 5.5 V). It must be also 
verified that the pin 12 signal is approximately balanced be- 
tween “High” {over 300 mV) and “Low”. A 8 poles tacho is a 
minimum for low speed stability and a 16 poles is even better. 


The RC pole of the tacho circuit should be chosen within 30 
Hz in order to be as far as possible from the 150 Hz which cor- 
responds to the AC line 3rd harmonic generated by the motor 
during starting procedure. In addition, a high value resistor 
coming from Vcc introduces a positive offset at pin 12, re- 
moves noise to be interpreted as a tacho signal. This offset 
should be designed in order to let pin 12 to reach at least — 
200 mV (negative voltage) at the lowest motor speed. We 
remember the necessity of an individual tacho ground con- 
nection. 


FREQUENCY TO VOLTAGE CONVERTER — F V/C 

Cpin 11 has a recommended value of 820 pF for 8 poles 
tachos and max. motor rpm of 15000, and Rpin 11 must be 
always 470 K. 


Rpin 4 should be choosen to deliver within 12 volts at maxi- 
mum motor speed in order to maximize signal/noise ratio. As 
the FV/C ratio as well as the Cpin 11 value are dispersed, 
Rpin 4 must be adjustable and should be made of a fixed 
resistor in serie with a trimmer representing 25 % of the total. 
Adjustment would become easier. 


Once adjusted, for instance at maximum motor speed, the F 
V/C presents a residual non linearity; the conversion factor 
(mV per R.P.M.) increases by within 7.7% as speed tends to 
zero. The guaranteed dispersion of the latter being very 
narrow, a maximum 1% speed error is guaranteed if during 
pin 5 network design the small set values are modified, once 
for ever, according this increase. 


The following formulae gives Vpin 4: 


Vpin4 = 140 - Cpini1 : R4 -f- 
(1+ 


in volt per Hertz. 


1 
Jeo 


Rpin11 
SPEED SET — (pin 5) Upon designer choice, a set of external 
resistors apply a serie of various voltages corresponding to 
the various motor speeds. When switching external resis- 


tors, verify that a voltage below 80 mV in never applied to 
pin 5, if no, a full circuit reset will occur. 
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RAMPS GENERATOR — (pin 6) If only a high acceleration 
ramp is needed, connect pin 6 to ground. 


When a Distribute ramp should occur, pre-set a voltage on 
pin 6 to which corresponds the motor speed starting ramp 
point. Distribution (or low ramp) will continue up to the 
moment the motor speed would have reached twice the 
starting value. 


The ratio of two is imposed by the IC. Nevertheless it could be 
externally changed downwards (fig. 6) or upwards (fig. 7). 


The distribution ramp can be shortened by an external resis- 
tor from Vcc charging Cpin 7, adding its current to the intern- 
al 5 pA generator. 


POWER CIRCUITS 

Triac Triggering pulse amplitude must be determined by Pin 
13 resistor according the needs in Quadrant IV. Trigger 
pulses duration can be disturbed by noise signals, generated 
by the triac itself, which interfere within pins 14 and 16, pre- 
cisely those which determine it. While easily visible this 
effect is harmless. 


Triac must be protected from high AC tine dV/dt during 
external disturbances by 100 nF x 100 Q network. 


Shunt resistor must be as non selfic as possible. It can be 
made locally by Constantan alloy wiring. 


When the load is a DC fed universal motor through a rectifier 


FIGURE 2 — ACCELERATION RAMP 


bridge, the triac must be protected from commutating dV/dt 
by a1 to 2 mH coil in serie with MT2. 


Synchronisation functions are performed by resistors sen- 
sing AC line and triac conduction. 820 K values are usual but 
could be reduced down to 330 K in order to detect the Zeros 
with accuracy and to reduce the residual DC line component 
below 20 mA. 


CURRENT LIMITATION 

The current limiter starts to discharge pin 7 capacitor (refe- 
rence speed) as Motor current reaches the designed thres- 
hold level. The loop gain is determined by the resistor con- 
necting pin 3 to the serie shunt. Experience has shown that 
its optimal value for a10 Arms limitation is within 2 KQ. Pin 3 
input has a sensitivity in current which is limited to reason- 
able values and should not react to spikes. 


If not used, pin 3 must be connected to a max. positive voit- 
age of 5 V rather to be left open. 


LOOP STABILITY 

The pin 16 network is predominant and must be adjusted 
experimentally during module development. The values indi- 
cated in fig. 4 are typical for washing machines applications 
but accept large modifications from one model to another. 
R16, it is the sole restriction, should not be below 33 k other- 
wise slew rate limitation will cause large transient errors for 
load steps. 


FIGURE 3 — PROGRAMMABLE DOUBLE 
ACCELERATION RAMP 
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FIGURE 4 — BASIC APPLICATION CIRCUIT 


680 


TDA1085C 


Current limitation: 10 A adjusted by Rq experimentally 


Ramps _ High acceleration: 3200 rpm per second 
Distribution ramp: 10 s from 850 to 1300 rpm 


Speeds: Pin 5 voltage Set: 

Wash 800 rpm 609 mV Including nonlinearity corrections 
Distribution 1300 996 mV Including nonlinearity corrections 
Spin 1: 7500 §,912 V Including nonlinearity corrections 


Spin 2: 15,000 12,000 V Adjustment point 


— 100u 1004 
1N4007 


270 6.8 k 


Motor Speed Range: 0 to 15,000 rpm 
Tachogenerator 8 poles 

delivering 30 V peak to peak at 6000 rpm, in open circuit 
FVIC Factor: 8 mV per rpm (12 V full speed) Cpini1 = 680 pF Vcc = 15.3V 


TRIAC MAC15A-8 15A 600 V 


Igt min = 90 mA to cover Quad IV at — 10°C 


100n 
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FIGURE 6 — DISTRIBUTION SPEED k < 2 


For k= 16, R3 =06 (R1+R2), 
R3C within 4seconds 


Vcc Spin (defined by R5/R4+R5) 


R3 Os 

Distribute 2Vpin6 9 
2Vpin6too 

Spin 1 
Contact R2 pin5 
‘eo 8 Vpin6 too 
R1 R5 
FIGURE 7 — DISTRIBUTON SPEED k > 2 
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FIGURE 8 — SIMPLIFIED SCHEMATIC 


© (P12 connected) AND (VCC OK) AND (VP5>80mv) 
THEN 
(11 OFF), (IZOFF), (14 OFF) AND (I5 OFF) 


MONITORING 
IF ® 
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TRIAC PHASE ANGLE CONTROLLER 
TRIAC PHASE ANGLE 


CONTROLLER 
The TDA1185A generates controlled TRIAC triggering pulses SILICON MONOLITHIC 
and allows tachless speed stabilization of universal motors by an INTEGRATED CIRCUIT 


integrated positive feedback function. Typical applications are 
power hand tools, vacuum cleaners, mixers, light dimmer and 
other small appliances. 


@ Supply Power Obtained From AC Line 

Can Be Used with 220 V/50 Hz or 110 V’60 Hz 
Low Count/Cost External Components 
Optimum TRIAC Firing (2nd and 3rd Quadrants) 


Repetitive Trigger Pulses When TRIAC Current is Interrupted 
by Motor Brush Bounce 


TRIAC Current Sensing to Allow Inductive Loads 
Programmable Soft-Start 

Power Failure Detection and General Circuit Reset 
Low Power Consumption: 6.0 mA 


PLASTIC PACKAGE 
CASE 646 


FIGURE 1 — TYPICAL SYSTEM CONFIGURATION 


PIN CONNECTIONS 


Gate Trigger 


Trigger 
Pulse 
Generator 


10] Bias Current 


Current Sense 6 | 9 | Feedback input 


Voltage Sense 8 | Integration Cap 
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MAXIMUM RATINGS (Vvoitages are referenced to Pin 14 (ground) unless 


otherwise noted) 


= 


Rating Symbol Vatue Unit 
: T Sal 7 
| Maximum Voltage Range per Listed Pin VPin Vv 
Pins 3-5-11 (not connected) —20to +20 
Pins 4-8-13 ~Vec tod 
Pin 2 —3.0 to +3.0 
Maximum Positive Voltage (No minimum value | Vpin 12 0 
allowed; see current ratings) VPin 1 0.5 
Maximum Current per Listed Pin IPin 
Pin 1 +20 mA 
Pins 6 and 7 +2.0 mA 
Pin 9 +0.5 mA 
Pin 10 +300 BA 
Pin 12 | ~ 500 LA 
Maximum Power Dissipation Pp 250 Tmw__| 
(@ Ta = 25°C) | | 
Maximum Junction to Ambient RyJA 100 °C/W 
Thermal Resistance 
Operating Ambient Temperature Range TA Oto +70 °C 
Storage Temperature Range Tstg —§5 to +125 °C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, voltages are referenced to Pin 14 (ground), unless otherwise noted.) 
ori 


Characteristics Symbol i“ Min L Typ ch Max Unit 
Power Supply 
Zener Regulated Voltage, (Vpjn 1) IPin 1 = 2.0 mA -Vec -9.6 -8.6 ~7.6 Vv 
Circuit Current Consumption, Ipjn 4 
VPin 1 = —6.0V, IPing = 0A -lcec A ~2.0 —1.0 + _— mA | 
Monitoring Enable Supply Voltage (VEN) VPin 1EN Vcc + 0.2 — Vec + 0.5 V 
| Monitoring Disable Supply Voltage (Vpjs) VPin 1DIS _| Ven + 0.12 — VEN + 0.3 
Phase Set 
Control Voltage Static Offset Vpin g — VPin 12 Voff 1.2 —_— 1.8 V 
Pin 12 Input Bias Current IPin 12 ~ 200 _— 0 nA 
VPin 4 ~ VPin 12 Residual Offset _| _— 180 _ mV 
Soft-Start IPin 13 ~17 ~14 ~11 LA 
Capacitor Charging Current 
RPin 10 = 100 kQ, Vpin 13 from —Vec to -3.0V = sal | 
Sawtooth Generator 
Sawtooth Capacitor Discharge Current 
R19 = 100 k22 Vpin 4 from —2.0 to -6.0V IPin 4 67 70 73 wA 
Capacitor Charging Current IPina -10 — ~1.5 mA 
Sawtooth “High” Voltage (Vpjn q) VHTH ~2.5 —1.6 -1.0 V 
Sawtooth Minimum ‘‘Low” Voltage (Vpjn 4) VLTH = meee — Vv 
Positive Feedback | 
Pin 9 Input Bias Current, Vpjn g = 0 IPin 9 _ 2x IPin 10 _ 
Programming Pin Voltage Related to Pin 1 VPin 10 1.0 1.25 1.5 Vv 
Transfer Function Gain AVpjn g/AVpin 9 
Rig = 100 kQ, \Vpin g = 50 mV A — 75 = 
R19 = 270 kQ, AVpin g = 50 mV A — 36 = 
Pin 8 Output Internal impedance ZPin 8 | — 120 ~ Ko _| 
Trigger Pulse Generator oe 
Output Current (Sink) VPin2 = OV IPin 2 60 _ 80 mA 
Output Leakage Current Vpin 2g = +2.0V _ — 4.0 BhA 
Output Pulse Width 
C4 = 47 nF Ryg = 270k? tp _ 55 _ Bs 
Output Pulse Repetition Period 
C4 = 47 nF RyqQ = 270k t —_ 420 _ BLS 
Current Synchronization Threshold Levels |pin 6 !Pin 7 ISYNC —40 _ +40 pA 
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PIN FUNCTION DESCRIPTION 


Hi ee 
Pin No. Function Description 
1 VEE This pin is the negative supply for the chip and is clamped at — 8.6 V by an 
internal zener. 
2 Gate Trigger Pulse This pin supplies — 1.0 V TRIAC trigger pulse at twice the line frequency. 
3° NC Not connected 
4 Ramp Generator The value of the capacitor at this pin determines the slope of the ramp. 
5 NC Not connected 
6 Current Sense This pin senses if the TRIAC is on, and if so, will disable the gate trigger pulse. 
7 Voltage Sense The internal timing of the chip is set by the frequency of the voltage at this pin. 
8 Integration Capacitor This pin is the output of the feedback and the variation in voltage is averaged 
out by the capacitor. 
9 Feedback Input The change in load current is detected by the change in voltage across R9. 
10 Current Program The bias current for the circuit is determined by the resistor value at this pin. 
11 NC Not connected 
12 Phase Angle Set The voltage at this pin sets the no-load firing angle. 
13 Soft-Start The firing angle is slowly increased from 180° to the set value of Pin 12. 
14 Vcc Ground 
INTRODUCTION FIGURE 2 — MULTIPULSE GENERATION DELAYED PULSE 


The Motorola TDA1185A generates trigger pulses (Pin 
2) for TRIAC control of power into an AC load. The TRIAC 
trigger pulse is determined by generating a ramp volt- 
age (Pin 4) synchronized to twice the AC line frequency 
and compared to an external set voltage (Pin 12) rep- 
resenting the conduction angle. Gate pulses are nega- 
tive (sink current) and thus the TRIAC is driven into its 
most effective quadrants (Q2-Q3). 

If the load is a Universal motor (the speed of which 
decreases as torque increases), the TDA1185A allows 
to increase the conduction angle proportionally to the 
motor current, sensed (Pin 9) by a low value resistor in 
series with the load. 


FUNCTIONAL DESCRIPTION 


DC POWER SUPPLY — DC power is directly derived 
from the AC line through a 2.0 watt resistor, half-wave 
rectifier and filtering capacitor circuit. The Veg voltage 
is internally regulated by an integrated zener. Refer- 
enced to ground (Pin 14), the power supply voltage is 
~8.6 V. The TDA1185A internal consumption is 6.0 mA. 


TRIGGER PULSE GENERATOR — It delivers a 60 mA 
minimum sink current pulse (Pin 2) through an inter- 
nally short circuit protected output. Pulse width is 
roughly proportional to Rig x Cq and is repeated every 
420 us if TRIAC fails to latch or is switched off by brush 
bounce. With inductive loads, the current lags in respect 
to the voltage. Pin 6 delays the triggering pulse up to 
the moment the TRIAC is off, in order to prevent erratic 
power control (see Figure 2). 


i] 
ie) 
'Triac 
i 
| 


} Set 


|“ 


Delayed Pulse 


Set 
VPin 4 
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The TRIAC failed to latch at 
the first pulse. Successive 
pulses are generated up to 
the moment tatching 
occurs. 


The TRIAC turned off due to 
brush bounce, a new pulse 
is immediately delivered. 


Approaching full conduc- 
tion, a pulse would occur 
when the TRIAC still car- 
ties current; the pulse is 
delayed until the triac 
turns off. 


TDA1185A 


RAMP GENERATOR — A constant current sink dis- 
charges capacitor Cq4 producing a negative voltage 
ramp synchronized with the main line. Pin 4 voltage is 
reset to - 1.6 volts at every AC line zero crossing (see 
Figure 3) and ramps down to —7.1 volts. The constant 
current sink is externally programmable by R19 using 
the equation below. 


la = to + 5% 
Vee + 1.25] 
fg Men 
10 


MAIN COMPARATOR — Its role is to determine the trig- 
ger pulse which occurs when the ramp voltage equals 
the phase angle set voltage at Pin 12. Fixed phase angle 
set voltage values lead to a constant TRIAC conduction 
angle unless positive current feedback (Pin 9) is con- 
nected or the Soft-Start capacitor (Pin 13) is not charged. 


FIGURE 3 — TRIGGERING PULSE TIMING 


TRIAC Current 


Triggering 
Pulses 


FIGURE 5 — SOFT-START WITHOUT DEAD TIME 


TDA1185 


VPin 13 


]pr3xtrn 13 
-Vec 


Conduction Angle 


+— Reset Time 


SOFT-START — The TDA1185A aliows the user to avoid 
any abrupt inrush of current into the load. This provides 
protection for fragile loads, light bulbs or tubes. Another 
advantage is that the AC line disturbance is minimized. 

The conduction angle is established from zero to the 
set value at Pin 12 according to a voltage ramp gen- 
erated by a constant current delivered to C13. The value 
of current 173 can be expressed by the following 
equation: 


143 = 0.2 x l1q + 10% 


The voltage ramp lasts as long as V73 is lower than 
the set voltage V12. Upon reset, V3 is forced to VEE 
as shown in Figure 4. If the load is a universal motor, 
it will not turn until a minimum conduction angle is 
achieved to overcome friction. The time the voltage 
ramp requires to reach its threshold value is considered 
“dead” time, and can be eliminated by an appropriate 
series resistor at Pin 13. The voltage drop developed by 
173 thru the resistor causes the conduction angle to 
immediately reach the threshold value and have the 
Soft-Start function without dead time (see Figure 5). 


FIGURE 4 — SOFT START 
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FIGURE 6 — TRANSFER FUNCTION 
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4 = f(Vpj 
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POSITIVE CURRENT FEEDBACK — The Universal motor FIGURE 7 — AVERAGING EFFECT OF TRANSFER FUNCTION 
speed drops as load increases. To maintain the speed, 
the TRIAC conduction angle must be increased. For this 
purpose, Pin 9 senses the motor current as a voltage 
developed in a low value resistor, Rg, amplifies, rectifies 100 mV 
and adds it internally to the set voltage at Pin 12. Any 
voltage variation at the output of the feedback, Pin 8, is 
smoothed out by capacitor Cg. The transfer function, 
AVg = f(AVg), is shown in Figure 6. 

The gain in the linear region is dependent on Rio. Duty 
The voltage transferred to Pin 8 is proportional to the 0 50% WONG Cycles ee 
current RMS value, as motor current is not far from a ' 
sine wave. This averaging effect is shown in Figure 7. 

With large amplitude signals at Pin 9, the change in 
voltage at Pin 8 reaches a maximum value. This satu- FIGURE 8 — TRANSFER FUNCTION (Pin 8/Pin 9) 
ration effect limits the maximum conduction angle 
increase. This effect is illustrated in Figure 8 where the (Vpin 8-VPin 1) 
total Pin 8 voltage can be written as follows: Ta = 25°C (Volts) 

Vg = V12 Qe f(\Vol, R10) + 1.25 Rint(Pin 8) = 120 k Typ Rp19 = 100k 


The effect of the feedback is illustrated in Figure 9. 


4VPin 8 


2.0V 50 mv Vpin g Peak 


MONITORING — A central logic block performs the 
ENABLE’DISABLE function of the IC with respect to 
power supply voltage. Under DISABLE conditions, Pin 
4, 8, 12 and 13 are forced to appropriate voitages to 
prepare for the next reset. Refer to the block diagram 
in Figure 10. 


APPLICATION CONSIDERATIONS +VPin 12 
as Fei el 

COMPONENT SELECTION — To regulate the speed of a6 ag ae ; 100 ae aes 
a universal motor it is necessary to determine how 
much gain in the feedback is needed. A change in motor 
current (due to load increase) causes the conduction Once RjQ is picked, Cq can be calculated from the 
angle to change by the appropriate amount to keep the following equation: 
speed constant. This entails, through trial and error, 672 
choosing an appropriate resistor value for R49, since C4 = Fe 
the gain of the feedback is determined by value of R19 line * "10 
as shown in Figure 8. where fline is the line frequency. 


FIGURE 9 — POSITIVE FEEDBACK EFFECT 
(Offset voltages have been neglected) 
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FIGURE 10 — INTERNAL BLOCK DIAGRAM 
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Capacitor Cg is an integration cap used to smooth out 
the voltage at Pin 8. The value should be large enough 
to accomplish this task yet not too large to slow the 
response of the system. 

Capacitor C73 determines how fast the conduction 
angle reaches the set value programmed at Pin 12. To 
achieve a desired delay, the value for C13 can be cal- 
culated by the following equation: 


7 8x tg 
8.6 — V12| x R19 


C13 


The remaining component values have experimen- 
tally been determined and are constant, regardless of 
application. The following table lists typical values for 
110 volt application. 


Component Value Units 
Rs 10/2.0 W kQ 
Rp4 100 kQ 
Rp 100 Q 
Re 330/0.5 W kQ 
R7 330/0.5 W kQ 
Rg 0.05/5.0 W Q 
R10 100 kQ 
C4 0.1 LF 
Cg 0.22 LF 
C13 10 BF 


Using an oscilloscope, it should be verified that the 
ramp generator is ramping down from -1.6 to —7.1 
volts. The slope of the ramp can be changed by Cq and 
the DC level of the waveform can be adjusted by R7. 


¢ ~Vcc 


Pin 9 has a low internal impedance and requires Rp? to 
adjust the feedback level. Pin 8 must always be con- 
nected to Veg through a filtering capacitor. For values 
of R19 less than 100 kQ), the circuit becomes sensitive 
and could become unstable. Figures 11 and 12 show 
typical waveforms. As shown, the increase in motor 
current has resulted in the firing angle to decrease. This 
translates to an increase in the average power delivered 
to the load. 


FIGURE 11 — NO LOAD APPLIED 
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FIGURE 12 — LOAD APPLIED 
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TEMPERATURE EFFECTS — The TDA1185A has a very 
efficient internal temperature compensation. If the 
current feedback is not connected, the RMS power 
delivered to the load is stabilized within + 0.2% over 
a temperature range of +20 to +70°C. The feedback 
introduces, in the same temperature range, a drift of 
250 mV on the voltage of Pin 8; this slight increase in 
conduction angle may be successfully used to com- 
pensate a motor ohmic resistance increase with 
temperature. 


MAIN LINE VOLTAGE COMPENSATION — As the con- 
duction angle is independent of main line voltage, any 
change in the latter induces a power variation to the 
load. A resistor connected to the rectifier anode and to 
Pin 12 with a capacitor to Veg will introduce a decrease 
in voltage at Pin 12 as the line voltage is increasing. The 
values of the RC network can experimentally be 
determined. 


FIRING ANGLE DYNAMICS — With purely resistive 
loads, the effective RMS applied voltage to the load is 
directly proportional to the firing angle (Figure 13). With 
inductive loads, since the current lags with respect to 
voltage, 100% power corresponds to a firing angle 
which is less than 180°. 


APPLICATION IDEAS 


SOFT-START — The Soft-Start feature of the TDA1185A 
in itself opens the door to a lot of interesting applica- 
tions. For example, the TDA1185A can be used to bring 
up fragile loads slowly. Expensive and sensitive tubes 
can be turned on slowly thus eliminating the inrush of 
current that could lead to burn out. In this application 
Rp is replaced with a resistor divider such that the 
voltage at Pin 12 results in a conduction angle of 180°. 
Pin 9 should be grounded, since the feedback portion 
of the TDA1185A is not necessary (see Figure 14). The 
time to achieve full conduction is found by the equation 
below: 


At ~ 8.71 x R19 x C73 


RMS VOLTAGE 


LIGHT DIMMER — With practically no modification the 
TDA1185A can be used in a light dimmer application. 
All that is required is to ground the input to the feedback. 
Pin 9. By grounding Pin 9 we have disconnected the 
feedback loop and the conduction angle is controlled 
solely by Rpy. Further, since the feedback is discon- 
nected, Rg and Rp9 are no longer necessary. The Soft- 
Start feature can still be used to protect the bulb from 
an inrush of current. This setup can be used in any 
application that requires manual control of the power 
delivered to the load (see Figure 15). 


FIGURE 13 — RMS VOLTAGE versus FIRING ANGLE 


90 
FIRING ANGLE 
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SOFT SHUT-OFF — Once again with little modification, 
the TDA1185A can be used to turnoff the load slowly. 
An example of this is in automatic garage lighting. Typ- 
ically, lights that are on a timer go off without a warning, 
usually in the most inopportune time (like when you're 
about to step over the dog). With a soft shut-off, the 
light dims out slowly, alerting you that it is about to go 
off. As in the previous case, the feedback is discon- 
nected and Rp is replaced with capacitor C19 and a 
switch (see Figure 16). The turn-off time can be calcu- 
lated by the following equation. 


At = R12 x C412 


R12 is the sum of the two resistors on both sides of 
C42. 
FIGURE 14 — SOFT-START CIRCUIT 


Rg 10 k2. 2W Cg 44nF 

Re 470kt212W C43 10 uF 

R7 470 kt. 12 W Cs 100 pF 

Rig 200 ka Turn-off time = 8.71 x Rig x C13 
Riza 4 x Ri2B 
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PC BOARD ~— The printed circuit board in Figure 17 is 
included for the designers convenience to evaluate 
the TDA1185A. The size of the board is intentionally 
small to show the compactness that can be achieved. 
Figure 18 shows the component. layout for the PC 
board. Rp; has one of the outer leads connected to 


FIGURE 15 — LIGHT DIMMER CIRCUIT 
Rs Dy 


Rp = 100k R7 = 470k 1/2W_ Cg = 0.22 uF 
Rg = 10k2W Rio = 200k C13 = 4.7 uF 
Re = 470k 1/2WCq = 44 nF Cg = 100 uF 16V 


VEE and the other to R12. The center lead of Rp is 
connected to Pin 12. 
WARNING SHOCK HAZARD: IT IS HIGHLY REC- 
OMMENDED THAT AN ISOLATION TRANS- 
FORMER BE USED. REMOVE THE CHASSIS 
GROUND FOR ALL TEST EQUIPMENT. 


FIGURE 16 — SOFT SHUT-OFF CIRCUIT 


Rg = 10k 2W C4 = 44nF 

Re = 470k 1/2 W C12 » Designer's Choice 
R7 = 470k 1/2 W C13 = 0.47 uF 

Ry2 = Designer's Choice Cg ~ 100 uF 

R10 = 200k Turn-off time = Ry2 x C12 


FIGURE 17 — TDA1185A EVALUATION BOARD 
COMPONENT SIDE 
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FIGURE 18 — TDA1185A EVALUATION BOARD COPPER SIDE 
2.88" 


2.50” 
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= SEMICONDUCTOR Eo UAA1016B 
TECHNICAL DATA 


ZERO VOLTAGE SWITCH 


ZERO VOLTAGE CONTROLLER PROPORTIONAL BAND 
TEMPERATURE CONTROLLER 


The UAA1016B is designed to drive triacs with the Zero Voltage 
technique which allows RFI free power regulation of resistive SILICON MONOLITHIC 
loads. It provides the following features: INTEGRATED CIRCUITS 


@ Proportional Temperature Control Over an Adjustable Band 
Adjustable Burst Frequency (to Comply with Standards) 
Sensor Fail-Safe 


No dc Current Component Through the Main Line (to Comply 
with Standards) 


Negative Output Current Pulses (TRIAC Quadrants 2 and 3) 
® Direct ac Line Operation 


@ Low External Components Count 


PLASTIC PACKAGE 
CASE 626 


FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT 
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Design Notes: 1. Let R4 = 5RL 


R2 By ; ; 
2. Select 3 Ratio for a symmetrical reference deviation centered about Pin 1 output swing, R2 will be slightly greater than R3. 


3. Select R2 and R3 values for the desired reference deviation where AVpef = 
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MAXIMUM RATINGS (Voltages referred to Pin 7) 


Maximum Pin Voltages 


Maximum Current Drain 


Power Dissipation 
Ta = 25°C 


Maximum Thermal Resistance | Raa | _100_—s*7/ °C/W 
Operating Temperature Range ~20 to +100 


mA 


Characteristics | Symbol | 
Current Consumption (Pins 6 and 8 not connected) 


Stabilized Supply Voltage (Vpjn 5) 
Icc = 2.0 mA max 


Output Pulse Current (Vpjn 6 from —1.0 to + 1.0 Volt) 


Output Pulse Width 


Rpin g = 220 kX, Vmaing = 220 Vac/50 Hz, (Figures 4 and 5) 


Sawtooth Pulse Length (Cpjn 2 = 1.0 nF) 
Output Threshold Sawtooth Levels (Vpjp 2) 


Output Voltage Pin 1 


loc 


CIRCUIT DESCRIPTION 


The circuit delivers current pulses to the triac at zero 
crossings of the main line sensed by Pin 8 through 
Rsync: An internal full wave logic allows the triac to 
latch during full wave periods in order to avoid any dc 
component in the main line, in compliance with Euro- 
pean regulations. Trigger pulses are generated when 
the comparator detects Vpjj 3 is above Vpin q (or 
Vreference) aS sensed temperature through the NTC is 
then lower than the set value (Var corresponding to 
the external Wheatstone bridge equilibrium). 

In order to comply with norms limiting the frequency 
at which a kW sized load, or above, may be connected 
to the main line (fluorescent tubes ‘‘flickering’), the 
UAA1016B has an internal time base providing (power 


is delivered by bursts to the load) a proportional tem- 
perature band control. In fact, most of the heating reg- 
ulation systems require low temperature overshoot for 
more precision and stability which cannot be accom- 
plished by direct on/off regulation (see Figure 2). An 
internal low frequency sawtooth generator whose out- 
put is available at Pin 1, allows the designer to introduce 
a periodic linear change of Vref. This deviation defines 
the temperature band allowing proportional power con- 
trol (see Figure 3). 

A fail-safe circuit inhibits output pulses when the sen- 
sor circuit has a fault (open or short circuit). 

The IC is directly powered from the mains by a drop- 
ping resistor, a diode and a filter capacitor. 
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FIGURE 2 — PROPORTIONAL TEMPERATURE CONTROL versus ON/OFF CONTROL 
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KEY CIRCUIT FUNCTIONS DESCRIPTION 


POWER SUPPLY — The rectified supply current is Ze- 
ner regulated to 8.6 V. Current consumption of the 
UAA1016B is typically less than 1.0 mA. The major 
part of the current fed by the dropping resistor is used 
for the sensor bridge and triac gate pulses. Any excess 
of supply current is excess power dissipation into the 
integrated Zener. Current consumption of the triac 
pulses may be derived from Figure 4 and 5 (Igt max. 
and pulse duration). Usually an 18 kQ, 2.0 W dropping 
resistor is convenient to feed the UAA1016. 


COMPARATOR — When Vpin 3 is higher than Vpin 4 
(VRef), the comparator allows the triggering logic to 
deliver pulses to the triac (Figure 3). The offset hyster- 
esis input voltage has been designed to be as low as 
possible (+10 mV max) in order to minimize the un- 
controllable temperature band (proportional to the hys- 
teresis) as per Figure 6. Noise rejection is performed by 
a synchronous sampling of the comparator output dur- 
ing very short times (typ. less than 100 ns). 


SAWTOOTH GENERATOR — A sawtooth voltage signal 
is generated by a constant current source (typ. 7.5 A), 
charging an external capacitor Cpj, 2 between two 
threshold levels, VT} and VtH2, which are respectively: 

VtH1 = —1.0V 

VtH2 = —-Vcc + 1.25 V. 

Charging and discharging currents occur only with 
negative halfcycles of the line. 

In the UAA1016B, the sawtooth signal is available at 
Pin 1 as a voltage source Vpin 1 = VPin 2 —0.75 V. 


Maximum source current is 1.0 mA, but to keep good 
linearity of sawtooth signal, a source current of 40 pA 
is recommended (see Figure 7). 


FAIL-SAFE — Output pulses are inhibited by the ‘‘fail- 
safe” circuit if the comparator input voltage exceeds the 
specified threshold voltage. This would occur if the tem- 
perature sensor circuit had a fault. 


SAMPLING FULL WAVE LOGIC — Two consecutive 
zero-crossing trigger pulses are generated at every pos- 
itive mains half-cycle of the line to minimize generation 
of noise (as per Figure 8). Within every zero-crossing 
the pulses are positioned as per Figure 4. Pulse length 
is also adjustable by Reync on Pin 8 to allow positive 
triggering of the triac at this critical moment (firing with 
low voltage between main terminals requires long 
pulses). 


PULSE AMPLIFIER — The pulse amplifier circuit delivers 
minimum current pulses of 60 mA (sink). The triac is 
triggered in quadrants II and Ill. 


SYNCHRONIZATION CIRCUIT — This circuit detects 
mains zero-crossings through Rsync and the value se- 
lected determines the trigger pulse length. A zero cross- 
ing current detector is employed with typical thresholds 
of #27 upAto +98 pA (see Figures 4 and 5). 
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FIGURE 3 — SAWTOOTH GENERATOR AND PROPORTIONAL BAND 
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COMMENTS TO FIGURE 3 


Referring to Figure 1, the average value of Vref is set 
by Ra and R3. Rq defines the amplitude of the sawtooth 
signal superimposed on Vpef, defining the Proportional 
Band. 

Figure 3 shows three conditions: 

1) During time t; we always have Vpjn 3 > VRef, and 
as a result, the comparator is always ‘‘on’” and the 
triac fired (100% max. power) 

2) During time tz, Vpjn 3 is in the proportional band, 
and the average power delivered to the load is a 
fraction of maximum power. 

3) During time t3, Vpin 3 < VRef, and the triac is 
always “off.” 

When the sensor temperature is above the set value 
and is slowly decreasing as no heating occurs, Vpin 3 
— Vpin 4 must exceed half the hysteresis value before 
power is applied again (1). A similar effect occurs in the 
opposite direction when temperature sensor is below 


Wl | |} 


| Load Gurion 


ee 


the set value and can remain stable as position (2). This 
defines the “uncontrollable temperature band” which 
will be very small if hysteresis is also very small. 


SUGGESTIONS FOR USE 


The temperature sensor circuit is a Wheatstone bridge 
including the sensor element. Comparator inputs may 
be free from power line noise only if the sensor element 
is purely resistive (NTC resistor). Usage of any P-N junc- 
tion sensor would drastically reduce noise rejection. 

Fixed phase sensing of the internal comparator out- 
put eliminates parasitic signals. 

Some loads, even designed to be resistive, have in 
fact a slight inductive component. A phase shift at Pin 
8 can be achieved with external capacitor C3 connected 
to Pin 8 network (see Figure 9). 

Suggested maximum source current at Pin 1 is 40 nA, 
in order to have acceptable sawtooth signal linearity. 
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UAA1016B 


FIGURE 4 — OUTPUT PULSE WIDTH DEFINITIONS 


tp1 tp2 


ac Line 


<— Vpk = V2 (Vrms) 


tpt. tp2 PULSE LENGTH (ys) 


FIGURE 5 — TYPICAL OUTPUT PULSE LENGTH 
versus SYNCHRONIZATION RESISTOR 


180 220 270 330 390 


Rsync RESISTOR (k0)) 


68 82100 120 150 


FIGURE 7 — PIN 1 INTERNAL NETWORK 


UAA1016B 
Voltage Source . 
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FIGURE 8 — TRIGGER PULSE GENERATION 
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APPLICATION CIRCUITS 
Figure 9 shows a very simple application of the ponent. Figure 10 shows a typical application as a panel 
UAA1016B as an electronic rheostat having 100% effi- heater thermostat with a proportional temperature 
ciency. C3 is required only if load has an inductive com- band of 1°C at 25°C. 


FIGURE 9 — APPLICATION CIRCUIT — ELECTRONIC RHEOSTAT 


100 0 


220 Vac 
0.1 uF 


*External phase shift, required for Inductive Loads only 1N4005 


FIGURE 10 — APPLICATION CIRCUIT — ELECTRIC RADIATOR WITH PROPORTIONAL BAND 
THERMOSTAT, PROPORTIONAL BAND 1°C AT 25°C 


50 k 


22k 


UAA1016B 
220 Vac 


Rr: NTC R @ 25°C = 22k + 10% 2.0 W 14Na005 
B = 3700 
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TECHNICAL DATA 


Product Preview 


ZERO VOLTAGE SWITCH 
POWER CONTROLLER 


The UAA2016 is designed to drive triacs with the Zero Voltage 
technique which allows RFl-free power regulation of resistive 
loads. Operating directly from the AC power line, its main appli- 
cation is the precision regulation of electrical heating systems 
(panel heaters, irons, etc...). A built-in digital sawtooth signal 
permits proportional temperature regulation about the set point. 
For energy savings, there is a programmable temperature reduc- 
tion function, and for security, a sensor failsafe that inhibits output 
pulses when the sensor connection is broken. A preset temper- 
ature (i.e. defrost) application is also possible. In applications 
where high hysteresis is needed, its value can be adjusted around 
the set point. All of these features can be implemented with very 
few external components. 


@ Zero Voltage Switch for Triacs, Up to 2.0 kW (MAC212A8) 
Direct AC Line Operation 


@ Proportional Regulation of Temperature 
@ Programmable Temperature Reduction 
@ Preset Temperature (i.e. Defrost) 

@ Sensor Failsafe 

e@ Adjustable Hysteresis 

@ Low External Component Count 


REPRESENTATIVE BLOCK DIAGRAM 


=e 
Sense Input 


Sampling 


Be Full Wave Logic 
Temperature ‘I 


& 


Reduction 


Hysteresis 
i 0 Supply 


Voltage 
Reference 


This document contains information on a product under development. Motorola reserves the right 


to change or discontinue this product without notice. 


UAA2016 


ZERO VOLTAGE SWITCH 
POWER CONTROLLER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


PIN CONNECTIONS 


Vref 


Hysteresis 


Adjust 


Sense 
Input 


Temperature 


Reduction 4 | 


ORDERING INFORMATION 


Temperature 


| Device | Range Package 


UAA2016D SO-8 
20 to + 85°C - 
UAA2016P Plastic DIP 
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In Brief... 


Motorola's line of precision voltage references is 
designed for applications requiring high initial accuracy, 
low temperature drift, and long term stability. initial 
accuracies of +1.0%, and +2.0% mean production 
line adjustments can be eliminated. Temperature coef- 
ficients of 25 ppm/°C max (typically 10 ppm/°C) provide 
excellent stability. Uses for the references include D/A 
converters, A/D converters, precision power supplies, 
voltmeter systems, temperature monitors, and others. 


Voltage References 


Selector Guide 
Precision Low Voltage 
References ..........0e0e000002. 52 


Alphanumeric Listing ....... siweenes O93 


Data Sheets ................5- wanes. 54 


Voltage References 
Precision Low Voltage References 


A family of precision low voltage bandgap reference devices designed for applications requiring low temperature drift. 


Va he Ve : oe 
$5 to +125°C | 


: —— Dove” 
Ty. Max [ Max | Oto +70°C 


55 _Regtine | Regioad 
_=40to +85°C | mV Max | mV Max Case 
1.235 + 12 mV 20 20 Typ | LM385BZ-1.2 LM285Z-1.2 (Note 1) 1.0 29 
1.235 + 25 mV LM385Z-1.2 (—40 to + 85°C) (Note 2) 
2.5 + 38 mV LM385B2Z-2.5 LM2852-2.5 2.0 
2.5 + 75 mV LM385Z-2.5 (—40 to +.85°C) (Note 3) 
2.5 + 25 mV 10 25 MC1403A 3.0/4.5 10 693, 751 
wo | Mover ee | ere 
55 MC1503 
MC1404AU5 693 
MC1404U5 


5.0 + 50 mV 25 
40 
6.25 + 60 mV 
55 MC1504U6 
MC1404AU10 


| 40 | Mc1404U10 
2.5 to 37 100 50 Typ | TL431C,AC TL4311, Al Shunt Reference 29,626 
(-—40 to + 85°C) Dynamic Impedance 693 
TL431M ae deel | 693 


.OmA 5. (Vout + 2.5 V) = Vin = 40 V 
5 V/15V < Vin = 40 V 6.0 mA <I, < 10 mA 


MC1504U5 


MC1404AU6 
MC1404U6 


Notes: 1. Micropower Reference Diode Dynamic 3. <= 
Impedance (z) = 1.09 atiR = 100 pA 4.45V <Vin = 
2.10 nA <= IR <= 1.0mA 
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Device 


LM285 
LM385 
MC1403,A 
MC1404,A 
MC1503,A 
MC1504 
TL431,A 


VOLTAGE REFERENCES 


Function 


Micropower Voltage Reference Diode 
Micropower Voltage Reference Diode 
Precision Low Voltage Reference 


Precision Low Drift Voltage Reference ............. 0... cee eee eee 5-12 
Precision Low Voltage Reference ........... 0... cece eee 5-8 

Precision Low Drift Voltage Reference .............. 0... eee 5-12 
Programmable Precision References ............ 0000 e cece eee eee eee 5-17 
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TECHNICAL DATA 


MICROPOWER VOLTAGE REFERENCE DIODES 


The LM285/LM385 series are micropower two-terminal band- 
gap voltage regulator diodes. Designed to operate over a wide 
current range of 10 nA to 20 mA, these devices feature excep- 
tionally low dynamic impedance, low noise and stable operation 
over time and temperature. Tight voltage tolerances are achieved 
by on-chip trimming. The large dynamic operating range enables 
these devices to be used in applications with widely varying sup- 
plies with excellent regulation. Extremely low operating current 
make these devices ideal for micropower circuitry like portable 
instrumentation, regulators and other analog circuitry where 
extended battery life is required. 

The LM285/LM385 series are packaged in a low cost TO-226AA 
plastic case and are available in two voltage versions of 1.235 and 
2.500 volts as denoted by the device suffix (see ordering infor- 
mation table). The LM285 is specified over a -40°C to +85°C 
temperature range while the LM385 is rated from 0°C to + 70°C. 

The LM385 is also available in a surface mount plastic package 
in voltages of 1.235 and 2.500 volts. 


@ Operating Current from 10 nA to 20 mA 

@ 1.0%, 1.5%, 2.0% and 3.0% Initial Tolerance Grades 
@ Low Temperature Coefficient 

@ 1.0 2 Dynamic Impedance 

@ Surface Mount Package Available 


EQUIVALENT CIRCUIT SCHEMATIC 


LM285 
LM385 


MICROPOWER VOLTAGE 
REFERENCE DIODES 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Z SUFFIX 
PLASTIC PACKAGE 
CASE 29 
(Bottom View) 


N.C. 3 
CATHODE 2 


ANODE 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 NC. [1] 
(SO-8) 


STANDARD APPLICATION 


1.235 V 


LM385-1.2 


ORDERING INFORMATION 


Reverse 
Break- 
Temp. down 
Device Range [ Voltage | Tolerance 
LM285D-1.2 1.235 + 1.0% 
LM2852Z-1.2 —~ 40°C Volts 
LM285D-2.5 | to +85°C | 2.500 + 1.5% 
LM2852-2.5 L Volts 
L 

LM385BD-1.2 1.235 + 1.0% 
LM385BZ-1.2 Volts | 
LM385D-1.2 1.235 + 2.0% 
LM385Z-1.2 0°C to Volts 
LM385BD-2.5; + 70°C 2.500 + 1.5% 
LM385B2Z-2.5 Volts 
LM385D-2.5 2.500 +3.0% 
LM3852Z-2.5 Volts 
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LM285, LM385 


MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted) 


; T 
L Rating Symbol Value Unit 
Reverse Current IR 30 mA 
L Forward Current 1 IF 10 mA 
Operating Ambient Temperature Range TA °C 
LM285 —40 to +85 
LM385 | Oto +70 | 
Operating Junction Temperature Ty +150 <C 
r + 
Storage Temperature Range Tstg —65 to +150 *C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


LM285-1.2 LM385-1.2/LM385B-1.2 
a oe et 
Characteristic Symbol Min |_Typ Max Min L Typ | Max Unit 
Reverse Breakdown Voltage V(BR)R Vv 
IRmin = IR = 20 mA 
LM285-1.2/LM385B-1.2 1.223 | 1.235 | 1.247 | 1.223 | 1.235 | 1.247 
Ta = Tlow to Thigh (Note 1) 1.200 | — | 1.270] 1.210} — | 1.260 
LM385-1.2 _ _ _ 1.205 | 1.235 | 1.260 
3 Ta = Tlow to Thigh (Note 1) _— — — 1.192 _— 1.273 
Minimum Operating Current IRmin | | t pA 
Ta = 25°C — 8.0 10 = 8.0 15 
TA = Tlow tO Thigh (Note 1) — — 20 _— — 20 
A —_tow — high + 4 + — 
Reverse Breakdown Voltage Change with Current AV(BR)R mV 
IRmin = !R = 1.0 MA, Ta = + 25°C — — 1.0 —_ — 1.0 
TA = Tlow to Thigh (Note 1) _— a 1.5 -- _ 1.5 
1.0 mA < IR < 20 MA, Ta = +25°C _— — 10 —_ — 20 
TA = Tlow to Thigh (Note 1) — — 26 —_ _— 25 
Reverse Dynamic Impedance Z _ 0.6 _ Q 
IR = 100 nA, Ta = +25°C 
eS as 
Average Temperature Coefficient AV(BR)/AT [fies Sean aca _— 80 — |ppm/?c 
10 pA < IR < 20 MA, TA = Tiow tO Thigh (Note 1) 
Wideband Noise (RMS) n _ 60 _— ma 
IR = 100 nA, 10 Hz < f = 10 kHz 
Long Term Stability iS) maa 20 — —_— 20 _— ppm/ 
IR = 100 pA, Ta = +25°C + 0.1°C | kHR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic { Symbol 


Reverse Breakdown Voltage V(BR)R 
IRmin = IR = 20 mA 
LM285-2.5/LM385B-2.5 
TA = Tlow to Thigh (Note 1) 
LM385-2.5 
TA = Tlow to Thigh (Note 1) 


L 


Minimum Operating Current IRmin 
Ta = 28°C 
TA = Tlow to Thigh (Note 1) 
Reverse Breakdown Voltage Change with Current AV(BR)R 
IRmin <!R = 1.0 mA, Ta = +25°C 
Ta = Tow to Thigh (Note 1) 
1.0 mA < IR = 20 mA, TA = +25°C 
Ta = Tlow to Thigh (Note 1) 


Reverse Dynamic Impedance Zz 

IR = 100 wA, Ta = +28°C 
Average Temperature Coefficient AV(BR)/AT 
; 20 vA < IR = 20 MA, TA = Tigw to Thigh (Note 1) 
Wideband Noise (RMS) ig n 

IR = 100 pA, 10 Hz = f = 10 kHz 
L 

Long Term Stability Ss 
IR = 100 uA, Ta = + 25°C + 0.1°C 


Note: 1. Tigw = —40°C for LM285-1.2, LM285-2.5 Thigh 
= 0°C for LM385-1.2, LM3858-1.2, LM385-2.5, LM385B-2.5 


| kHR 


+ 85°C for LM285-1.2, LM285-2.5 
+ 70°C for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B-2.5 
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IR, REVERSE CURRENT (,2A) 


Ve, FORWARD VOLTAGE (V) 


Hz) 


€n, NOISE (nV/ 


LM285, LM385 


TYPICAL PERFORMANCE CURVES FOR LM285-1.2/385-1.2/385B-1.2 


FIGURE 1 — REVERSE CHARACTERISTICS 


AV(gpip. REVERSE VOLTAGE CHANGE (mV) 
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FIGURE 3 — FORWARD 


CHARACTERISTICS 
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FIGURE 5 — NOISE VOLTAGE 
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FIGURE 2 — REVERSE CHARACTERISTICS 


0.01 0.1 1.0 10 100 
Ip, REVERSE CURRENT (mA) 


FIGURE 4 — TEMPERATURE DRIFT 


—§0 2 0 25 50 oh) 100 125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — RESPONSE TIME 


0 0.1 O02 O03 O86 O7 08 O9 10 11 
t, TIME (ms) 


FACE DEVICES 


LM285, LM385 


TYPICAL PERFORMANCE CURVES FOR LM285-2.5/385-2.5/385B-2.5 


FIGURE 7 — REVERSE CHARACTERISTICS FIGURE 8 — REVERSE CHARACTERISTICS 


Ip, REVERSE CURRENT (A) 


AV(BR)R, REVERSE VOLTAGE CHANGE (mV 


-2.0 Lid 
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FIGURE 9 — FORWARD CHARACTERISTICS FIGURE 10 — TEMPERATURE DRIFT 
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TECHNICAL DATA 


MC1403,A 


MC1503 


LOW VOLTAGE REFERENCE 


A precision band-gap voltage reference designed for critical 
instrumentation and D/A converter applications. This unit is 
designed to work with Motorola MC1508 and MC3510 D/A con- 
verters, and MC14433 A/D systems. Low temperature drift is a 
prime design consideration. 


Output Voltage: 2.5 V +25 mV 

Input Voltage Range: 4.5 V to 40 V 
Quiescent Current: 1.2 mA Typ 

Output Current: 10 mA 

Temperature Coefficient: 10 ppm/°C Typ 
Guaranteed Temperature Drift Specification 
® Equivalent to AD580 

Standard 8-Pin DIP, and 8-Pin SOIC Package 
Typical Applications 

® Voltage Reference for 8-12 Bit D/A Converters 
@ Low Tc Zener Replacement 

@ High Stability Current Reference 


PRECISION LOW VOLTAGE 
REFERENCE 


LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 


e@ Voltmeter System Reference 


MAXIMUM RATINGS (7, = 25°C unless otherwise noted.) 


ORDERING INFORMATION 


Temperature 
Device Range Package 
| Mc1503U | -s5to +125°C | Ceramic DIP 


$0-8 


Ceramic DIP 


Ceramic DIP 


MC1403D 


MC1403U 


MC1403AU 


Operating Ambient Temeprature Range 
MC1503 
MC1403,A 


-~55 to +125 Oto +70°C 


0 to +70 


FIGURE 1 — A REFERENCE FOR MOTOROLA MONOLITHIC D/A CONVERTERS 
Full- 
Scale 
Adjust [ 
500 2 | 


Ref. 
Amplifier 


Pin Numbers for 
MC1508/1408 Series 


PROVIDING THE REFERENCE CURRENT 
FOR MOTOROLA MONOLITHIC D/A CONVERTERS 


The MC1403/1503 makes an ideal reference for the 
Motorola monolithic D/A converters. The MC1408/1508 con- 


The resistor R3 improves temperature performance by 
matching the impedance on both inputs of the D/A refer- 


verter requires a stable current reference of nominally 
2.0 mA. This can be easily obtained from the MC1403/1503 
with the addition of a series resistor, R1. A variable resistor, 
R2, is recommended to provide means for full-scale adjust 
on the D/A converter. 


ence amplifier. The capacitor decouples any noise present 
on the reference line. It is essential if the D/A converter is 
located any appreciable distance from the reference. 

A single MC1403/1503 reference can provide the required 
current input for up to five of the monolithic D/A converters. 
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MC1403,A, MC1503 


ELECTRICAL CHARACTERISTICS (Vj, = 15 V, Ta = 25°C unless otherwise noted.) 


[_ Characteristic Min Typ | Max | Unit 
Output Voltage VOUT 2.475 2.5 2.525 V 
(Io = 0 mA) = 
Temperature Coefficient of Output Voltage AVo/AT ppm/°C 
MC1503 — — 55 
MC1403* —_— 10 40 
MC1403A _ 10 25 
I Output Voltage Change 
(over specified temperature range) 


MC1503 — 55°C to +125°C 


MC1403* 3 5 
MC1403A 0°C to + 70°C 


Line Regulation (Ig = 0 mA) 
(15 V < Vi = 40 V) 
(45V <V\ <15V) 


Load Regulation 
(0 mA < lg < 10 mA) 


Quiescent Current 
{lq = 0 mA) 
*This test is not applicable to the MC1403D surface mount device. 


FIGURE 2 — MC1403/1503 SCHEMATIC 
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MC1403,A, MC1503 


FIGURE 4 — CHANGE IN OUTPUT VOLTAGE 
FIGURE 3 — TYPICAL CHANGE IN Voyt versus Vin versus LOAD CURRENT 


(NORMALIZED TO Vj, = 15 V @ Tc = 25°C) (NORMALIZED TO Vout @ Vin = 15 V, lout = 0 mA) 


AVout: CHANGE IN Vout (mV) 


AVout, CHANGE IN OUTPUT VOLTAGE (mv) 


0 10 20 30 40 50 60 70 80 90 10 
Vin, INPUT VOLTAGE (VOLTS) lout, QUTPUT CURRENT (mA) 
FIGURE 5 — QUIESCENT CURRENT versus TEMPERATURE FIGURE 6 — CHANGE IN Vout versus TEMPERATURE 
(Vin = 15 V, lout =O mA) (NORMALIZED TO Vout @ Vin = 15 V) 
1.25 + 
tL. Vin = 5.0V 
1.20 7 2.Vin=15V I 
z z apres 
£1.15 ia out = 2mA 
lo 2 0 + 
2 oa 
Cae Sei 
a = -é. 
3 3 
5 105 2 -40 
tu) b= ud 
8B 1.00 S -60 
_— = 
5 © -8.0 
S 0.95 4 
= -10 
0.90 -12 
0 -14 
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FIGURE 7 — CHANGE IN Vout versus TEMPERATURE 
(NORMALIZED TO Ta = lo, Vin = 15 V, lout = 0 mA) 


AVout, CHANGE IN Vout (mV) 


Ta, TEMPERATURE (°C) 
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MC1403,A, MC1503 


3-1/2-DIGIT VOLTMETER — COMMON ANODE 
DISPLAYS, FLASHING OVERRANGE 


An example of a 3-1/2-digit voltmeter using the 
MC14433 is shown in the circuit diagram of Figure 8. 
The reference voltage for the system uses an MC1403 
2.5 V_ reference IC. The full scale potentiometer can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 2 V to 200 mV operation, Ry is also 
changed, as shown on the diagram. 

When using Rc equal to 300 kQ2, the clock frequency 
for the system is about 66 kHz. The resulting conversion 
time is approximately 250 ms. 

When the input is overrange, the display flashes on 
and off. The flashing rate is one-half the conversion rate. 


This is done by dividing the EOC pulse rate by 2 with 
1/2 MC14013B flip-flop and blanking the display using 
the blanking input of the MC14543B. 

The display uses an LED display with common anode 
digit lines driven with an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 Darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS-A12 
Darlington transistors operating in an emitter-follower 
configuration. The MC14543B, MC14013B and LED 
displays are referenced to VEE via pin 13 of the MC14433. 
This places the full power supply voltage across the 
display. The current for the display may be adjusted by 
the value of the segment resistors shown as 150 ohms 
in Figure 8. 


FIGURE 8 — 3-1/2-DIGIT VOLTMETER 


MC 1403 
20 k 


1110 2 12 24 


14 
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*R, = 470 kQ for 2 V Range 


R, = 27 kQ for 200 mV Range 
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MC1404 


MOTOROLA 
= SEMICONDUCTOR yxy 
TECHNICAL DATA 


MC1404A 


VOLTAGE REFERENCE FAMILY 


The MC1404 series of ICs is a family of temperature- 
compensated voltage references for precision data conversion 
applications, such as A/D, D/A, V/F, and F/V. Advances in laser- 
trimming and ion-implanted devices, as well as monolithic fab- 
rication techniques, make these devices stable and accurate to 12 
bits over both military and commercial temperature ranges. In 
addition to excellent temperature stability, these parts offer ex- 
cellent long-term stability and low noise. 


® Output Voltages: Standard, 5.0 V, 6.25 V, 10 V 
Trimmable Output: > +6% 
Wide Input Voltage Range: Vref + 2.5 V to 40 V 


Low Quiescent Current: 1.25 mA Typical 


Low Output Noise: 12 nV p-p Typical 
Excellent Ripple Rejection: > 80 dB Typical 


TYPICAL APPLICATIONS 

@ Voltage Reference for 8- 12 Bit D/A Converters 
@ Low Tc Zener Replacement 

®@ High Stability Current Reference 

@ MPU D/A and A/D Applications 


® 
e 
@ Temperature Coefficient: 10 ppm/°C Typical 
r 
e 


FIGURE 1 — VOLTAGE OUTPUT 8-BIT DAC USING MC1404U10 


MC1404U10 
MC1408 


CMOS 
or TTL 
Inputs 


Oto 
~ 10 Volts 


MC1504 


PRECISION LOW DRIFT 
VOLTAGE REFERENCES 


5.0, 6.25, and 10-VOLT OUTPUT VOLTAGES 


LASER TRIMMED SILICON 
MONOLITHIC INTEGRATED CIRCUIT 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


PIN ASSIGNMENTS 


ORDERING INFORMATION 


PACKAGE Ce 


ramic DIP 
Temperature Range 
5.0 Volts 


MC1504U5 ~55°C to + 125°C 
MC1404U5 o°c to + 70°C 
MC1404AU5 o°c to + 70°C 


6.25 Volts 


MC1504U6 ~55°C to + 125°C 
MC1404U6 O°C to + 70°C 
MC1404AU6 O°C to +70°C 


10 Volts 


MC1504U10 ~55°C to + 125°C 
MC1404U10 O°c to + 70°C 


MC1404AU10 0°C to + 70°C 
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MC1404,A, MC1504 


MAXIMUM RATINGS 


Rating Symbol Value Unit 
Input Voltage | Vin 40 V 
Storage Temperature Tstg | —65 to +150 dane 
Junction Temperature T Ty +175 °C 
Operating Ambient Temperature Range TA °C 
MC1504 —55 to +125 
MC1404,A Oto +70 
ELECTRICAL CHARACTERISTICS (V;, = 15 Volts, Ta = 25°C and Trim Terminal not connected unless otherwise noted) 
MC1404,A MC1504 
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Unit 
Output Voltage Vo Volt 
(lo = 0 mA) MC1404U5, AU5/MC1504U5 4.95 5.0 5.05 | 4.95 5.0 5.05 
MC1404U6, AU6/MC1504U6 6.19 6.25 6.31 6.19 6.25 6.31 
MC1404U10, AU10/MC1504U10 9.9 10 10.1 9.9 10 10.1 
Output Voltage Tolerance — — +0.1 +1.0 = +0.1 +1.0 % 
t a 
Output Trim Range (Figure 10) AVTRIM +6.0 a ee +6.0 — _ % 
(Rp = 100 k$2) | 
Output Voltage Temperature Coefficient, AVO/AT ppm/°C 
Over Full Temperature Range 
MC1404, MC1504 _— 10 40 = —_ 55 
MC1404A _— 10 25 | ae _ _— 
Maximum Output Voltage Change AVo mvV 
Over Temperature Range 
MC1404U5, MC1504U5 — _ 14 —_— — 50 
MC1404AU5 _ = 9.0 _ — _ 
MC1404U6, MC1504U6 — _ 17.5 _— — 62 
MC1404AU6 — _ 11 — — J 
MC1404U10, MC1504U10 _— = 28 — — 99 
MC1404AU10 —_ = 18 — — — 
—————— SS Te re ee 
Line Regulation (1) Regline _ 2.0 6.0 — 2.0 6.0 mV 
(Vin = Vout + 2.5 V to 40 V, Igut = 0 mA) 
Load Regulation (1) Regjoad _ — 10 — — 10 mv 
(0 < Ig < 10 mA) 
Quiescent Current lo _— 1.2 1.5 _ 1.2 1.5 mA 
(lg = 0 mA) 
Short Circuit Current Isc = 20 | 45 —_ = 45 | mA 
Long Term Stability — — 25 — — 25 | at ppm/1000 hrs 
Note 1: Includes thermal effects. 
DYNAMIC CHARACTERISTICS (V;, = 15 V, Ta = 25°C all voltage ranges unless otherwise noted) 
MC1404,A MC1504 
Characteristic Symbol Typ Max Min Typ Max Unit 
weer | 
Turn-On Settling Time ts 50 _ ae, 50 _ ps 
(to + 0.01%) ii 
Output Noise Voltage — P to P Vn _ 12 oa BV 
(Bandwidth 0.1 to 10 Hz) 
Small-Signal Output Impedance 
120 Hz 
500 Hz 
Power Supply Rejection Ratio 
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MC1404,A, MC1504 


TYPICAL CHARACTERISTICS 


FIGURE 2 — SIMPLIFIED DEVICE DIAGRAM FIGURE 3 — LINE REGULATION versus TEMPERATURE 
2.5 


S 20 
= 
2 
° 
m5 
aad 
= 
ir 
TRIM 
w 1.0 
a 
5 
3 
> 05 
VTEMP 4 
0 
-75 -50 -25 0 +25 +50 +75 +100 +128 
Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 4 — OUTPUT VOLTAGE versus TEMPERATURE 
Mc1404U10 FIGURE 5 — LOAD REGULATION versus TEMPERATURE 
= ro + 0.010 
z 
S £ 0.008 
a = 
g S 
5 = 0.006 
oO er 
Z 2 
2 Z 
i a 0.004 
at | 
) S 
— ito 
= 
Oo 
= 0.002 
0 
~75 -50 -25 OQ +25 +50 +75 +100 +125 -71  — -50 -25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 6 — POWER SUPPLY REJECTION RATIO 
versus FREQUENCY FIGURE 7 — QUIESCENT CURRENT versus TEMPERATURE 
a 
= 
° 
ta ss 
< = 
2 oa 
2 a 
5 = 
a 3 
ag E 
> 2 
al Ww 
& HP209A 3 
a 3V RMS | 500 uF = 
a =|FEF-+—»p——— me 
= 2 =) i) 
El tte : 
ff 21.3.V 6 HP3400A 
= 7: Set Node to O4 
2 2 20 Volts Average = 
0.01 0.1 1.0 10 100 1000 —75 -50 -25 OQ +25 +50 +75 +100 +125 
f, FREQUENCY (kHz) Ta, AMBIENT TEMPERATURE (°C) 
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MC1404,A, MC1504 


FIGURE 8 — SHORT CIRCUIT CURRENT versus TEMPERATURE 


40 >-—- sop sor 

ge 36 fre oe - [ : 

£ ; 

= 3o}-—-| + ied oe 

a =] | 

oc n 

= 25 - 

Oo 

E 

= 20 

5 | 

cS 

S15 

2 

oc 

=) 

= 10 

we: 

~s0p-—t—-+—.-+—4+ 4 —+ 
a 

if eel ever ees ECA] el eee ee 
—7§ -50 -25 0 +25 +50 +75 +100 +125 


Ty, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — OUTPUT TRIM CONFIGURATION 


+15 V 


MC1404 


TRIM 
Gnd 


= Output Adjustment 


The MC1404 trim terminal can be used to adjust the output 
voltage over a +6% range. For example, the output can be set to 
10.000 V or to 10.240 V for binary applications. For trimming, 
Bourns type 3059, 100 kQ or 200 kQ trimpot is recommended. 

Aithough Figure 10 illustrates a wide trim range, temperature 
coefficients may become unpredictable for trim > +6,0%. 


FIGURE 9 — Vremp OUTPUT versus TEMPERATURE 


—— T 


1.0 


tee 


0.8 


0.6 


04 


0.2 


Vremp. TEMPERATURE OUTPUT (V) 


-25 0 
Ta, AMBIENT TEMPERATURE (°C) 


+25 +50 +75 +100 +125 


FIGURE 11 — PRECISION SUPPLY USING MC1404 


OV+ 


MPS-U51A 


5.0, 6.25, 
Vin 10 V @ 1/2 Amp 
e) 


Vo 
MC1404 
Output Power Boosting 


The addition of a power transistor, a resistor, and a capacitor 
converts the MC1404 into a precision supply with one ampere 
current capability. At V+ = 15 V, the MC1404 can carry in excess 
of 14 mA of load current with good regulation. If the power 
transistor current gain exceeds 75, 
be realized. 


@ one ampere supply can 


FIGURE 12 — ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR 


Supply 


7(11) 


MC1723G 
{MC1723L or P) 


6(10)  Rgc 


© Vout 


0.001 uF 
Bib 
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MC1404,A, MC1504 


FIGURE 13 ~ 5.0 V, 6.0 AMP, 25 kHz SWITCHING REGULATOR WITH SEPARATE ULTRA-STABLE REFERENCE 


+10 to +30 In 


120 WH +5.0 Out 
2N5879 
{YY 200 mA to 
6.0 Amps 
+ + 
1000 uF 0.01 uF 33 5000 uF 0.01 HE 
TL sev 50 Vv 1N3889 6.8V Ceramic 
= Ceramic = (Low ESR) 
130 130 
11 Motorola 
TL495CN 
17 
Pulse Width ein 
2.2k 


Modulator 


MC1404U5 


0.001 uF 2.2k 


FIGURE 14 — HIGH SPEED 8-BIT D/A CONVERTER USING MC1404U10 
les is set t0 57.000 mA with Ri 


50.0 £2 
Transmission Line 


Vout = 1.25 V FS Settling Time, 
Typically 10 ns 


Inputs are 
MECL 10K 


Compatibie 
is) 12 


“15 Vv 
{12.5 to 40.0 V max? 


Allen 0.1 


Bractey MF 


Type RT = 
Cermet Trimpot 


or Equivalent 


MC1404U10 
10 Volt Reference 


*“R2 and RZ are 
50 ppm ics 


0.01 10 uF 
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MOTOROLA TL431,A 


= SEMICONDUCTOR xy Series 
TECHNICAL DATA 


PROGRAMMABLE 
PROGRAMMABLE PRECISION REFERENCES PRECISION REFERENCES 
The 7TL431,A integrated circuits are three-terminal program- SILICON MONOLITHIC 
mable shunt regulator diodes. These monolithic IC voltage ref- INTEGRATED CIRCUITS 
erences Operate as a low temperature coefficient zener which is 
programmable from Vref to 36 volts with two external resistors. 
These devices exhibit a wide operating current range of 1.0 to LP SUFFIX 
100 mA with a typical dynamic impedance of 0.22 2. The char- PLASTIC PACKAGE 
acteristics of these references make them excellent replacements CASE 29 
for zener diodes in many applications such as digital voltmeters, 
power supplies, and op amp circuitry. The 2.5 volt reference Pin 1 Reference 
makes it convenient to obtain a stable reference from 5.0 volt 2 (Amode 
logic supplies, and since the TL431,A operates as a shunt regu- Se RaUNOge 
lator, it can be used as either a positive or negative voltage P SUFFIX 
perererces PLASTIC PACKAGE 
@ Programmable Output Voltage to 36 Volts CASE 626 
® Voltage Reference Tolerance: + 1.0% (TL431A) 
® Low Dynamic Output Impedance, 0.22 {2 Typical (Top View) 
@ Sink Current Capability of 1.0 to 100 mA 
@ Equivalent Full-Range Temperature Coefficient of 50 ppm:°C eRe 


Typical 

@ Temperature Compensated for Operation over Full Rated 
Operating Temperature Range 

e@ Low Output Noise Voltage 


JG SUFFIX 
CERAMIC PACKAGE 
CASE 693 


rc 
Cathode Reisen al Cathode 
(K) 


O (K) 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SOP-8) 


Reference 
(R) 


PIN 1. CATHODE 5. N.C. 
2. ANODE 6. ANODE 
3. ANODE 7. ANODE 
4.NC. 8. REFERENCE 


SOP-8 is an internally modified SO-8 Package. Pins 
2, 3, 6 and 7 are electrically common to the die 
attach flag. This internal lead frame modification 
decreases package thermal resistance and 
increases power dissipation capability when 
appropriately mounted on a printed circuit board. 
SOP-8 conforms to all external dimensions of the 
standard SO-8 Package. 


O Anode (A) 


SYMBOL FUNCTIONAL BLOCK DIAGRAM 


Cathode (K) 


Reference o 


ORDERING INFORMATION 


Temperature 
Device Range Package 
TL431CLP,ACLP Plastic TO-92 
TL431CP,ACP Plastic DIP 
Oto +70°C ener | 
TL431CD,ACD SOP-8 
TL431CJG Ceramic DIP 
mh 4 
TL431ILP,AILP Plastic TO-92 
TL4311P,AIP —40 to +85°C | Plastic DIP 
INTERNAL SCHEMATIC Anode (A) TL5311JG Ceramic DIP 
Pempenent Ny alues ete nomena TL431MJG —55 to + 125°C | Ceramic DIP 
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TL431,A Series 


MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted.) 


-—————- 


Rating Symbol Value Unit 
Cathode To Anode Voltage VKA 37 | V 
Cathode Current Range, Continuous Ik - 100 to + 150 mA j 
ae SS Ne 

Reference Input Current Range, Continuous lref —0.05 to +10 mA 
Operating Junction Temperature Ty 150 °C 
Operating Ambient Temperature Range Ta °C 

TL431M —55 to +125 

TL4311, TL431A) —40 to +85 

TL431C, TL431AC Oto +70 

ae aE Saat 1 

Storage Temperature Range Al Tst -65 to +150 °C 
Total Power Dissipation @ Ta = 25°C Pp Ww 

Derate above 25°C Ambient Temperature 

D, LP Suffix Plastic Package 0.70 

P Suffix Plastic Package 1.10 

JG Suffix Ceramic Package 1,25 

+ mar oa ea + 

Total Power Dissipation «@ Tc = 25°C Pp w 

Derate above 25°C Case Temperature 

D, LP Suffix Plastic Package 1.5 

P Suffix Plastic Package 3.0 

JG Suffix Ceramic Package i 3.3 
THERMAL CHARACTERISTICS 

‘ 
O, LP Suffix P Suffix JG Suffix 


Characteristics 


Package Package package Unit 


Thermal! Resistance, Junction to Ambient 178 114 100 “CW 
| ee 


Thermal Resistance, Junction to Case 
| nie 
RECOMMENDED OPERATING CONDITIONS 
Condition/Value 
Cathode To Anode Voltage 


Cathode Current 


ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C unless otherwise noted) 


TL431M TL4311 TL431C 
Characteristic Symbol | Min | Typ | Max i Min | Typ | Max | Unit 
ef} 
Reference Input Voltage (Figure 1) Vref Vv 
VKA = Vref. IK = 10 mA 
Ta = +25°C 2.440 | 2.495 | 2.550} 2.440 2.550 | 2.440 | 2.495 | 2.550 
Ta = Tiow to Thigh (Note 1) | 2.396 12594 2.410} —_| 2-580 Sle DE _| 2.567 
Reference Input Voltage Deviation Over LVref _ 15 44 7.0 _— 3.0 17 mV 
Temperature Range (Figure 1, Note 1, 2, 4) 
VKA = Vref. kK = 10 mA 
Ratio of Change in Reference Input Voitage LV ref mvV'V 
to Change in Cathode to Anode Voitage AVKA 
Ik = 10 mA (Figure 2), AVKA = 10 V to Vret — |-14|-27 — |-1.4{-27 
AVKA = 36 V to 10 V — |-1.0; -2.0 — |{-1.0| -2.0 
Reference Input Current (Figure 2) lref uA 
Ik = 10 mA, R1 = 10k, R2 = x 
Ta = +25°C — 1.8 | 40 _ 1.8 | 4.0 
Ta = Tlow to Thigh (Note 1) _ — | 7.0 — — 5.2 
Reference Input Current Deviation Over Alref 1.0 | 3.0 _ 0.4) 1.2 | pA 
Temperature Range (Figure 2, Note 1, 4} 
Ik = 10mA,R1 = 10k, R2 = x 
Minimum Cathode Current For Regulation Imin — |}05)]107) — 0.5 | 1.0 —_ 0.5 | 1.0 | mA 
VKA = Vref (Figure 1) | ihe 2c 
Off-State Cathode Current (Figure 3) loff — | 2.6 11000) — | 2.6 |1000; — | 2.6 | 1000} nA 
VKA = 36 V, Vref = OV | | 
Dynamic Impedance (Figure 1, Note 3) Za! — |0.22/ 05 | — |0.22]) 05 | — |0.22] 0.5 Q 
VKa = Vref, Alk = 1.0 mA to 100 mA 
qi f <= 1.0 kHz E || 
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TL431,A Series 


ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C unless otherwise noted) 
TL431Al TLaziac Cid 


Characteristic Symbol Typ Max Min Typ Max Unit 
Reference Input Voltage (Figure 1) Vref Vv 
VKA = Vref. IK = 10 mA 


Ta = +25°C 2.495 | 2.52 2.47 | 2.495 | 2.52 
TA = Tlow to Thigh io eo th 2.55 | 2.453 —_— 2.537 | 
Reference Input Voltage Deviation Over AVref 7.0 30 = 3.0 17 mV 
Temperature Range (Figure 1, Notes 1, 2, 4) 
VKA = Vret. IK = 10 mA { 


Ratio of Change in Reference Input Voltage AV ref 
to Change in Cathode to Anode Voltage 

Ik = 10 mA (Figure 2), AVKA = 10 V to Vref 

AVKA = 36 Vto 10 V 


Reference input Current (Figure 2) 
Ik = 10 mA, R1 = 10k, R2 = =< 
Ta = +25°C 
TA = Tow to Thigh (Note 1) 


Reference Input Current Deviation Over Aref 
Temperature Range (Figure 2, Notes 1 and 4) 
Ik = 10 mA, R1 = 10k, R2 = *« 


—+ oe 
Minimum Cathode Current For Regulation Imin 0.5 1.0 mA 
Vv = Vref (Figure 1) 
KA ref g | { i aera | —_—_ 
Off-State Cathode Current (Figure 3) loff 2.6 1000 nA 
VKA = 36 V, Vref = OV ioe { 
Dynamic Impedance (Figure 1, Note 3) Zka 0.22 0.5 Q 
VKA = Vref, SIk = 1.0 mA to 100 mA 
f <= 1.0 kHz 
Note 1: 
Tlow - 85°C for TL431MJG Thigh = + 125°C for TL431MJG 
= 40°C for TL431AIP, TL431AILP, TL43 MIP, TL431ILP, TL4311UG ~ +86°C for TL431AIP, TL431AILP, TL431IP, TL431ILP, TL4311NG 
— O°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CJG, = +70°C fer TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CJG, 
TL431CD, TL431ACD TL431CD, TL431ACD 
Note 2: Note 4: 
The deviation parameter \V,ref¢ is defined as the differences between This test is not applicable to surface mount (D suffix) devices. 


the maximum and minimum vaiues obtained over the full operating 


ambient temperature range that applies. FIGURE 1 TEST CIRCUIT FOR Via = Vref 
a = Vre 


Vref Max “Veet = Vret Max Input VKA 
1) — Veet Min | IK 
Vee Min | STa=T2-Ty 


" ‘2 Vref 
AMBIENT TEMPERATURE { 
The average temperature coefficient of the reference input volt- = = 
age, a Vref. is defined as 
Aves ) FIGURE 2 — TEST CIRCUIT FOR Vxaq > Vref 
re 
pecs 6 
Input O OV 
Vv ppm Ge @ 25°C AVret x 106 ‘ - 

fe f —-— ee OOOO — 8 0 —n—n—n— woe 
ee 8G ATa ATA (Vret @ 25°C) 


aVref can be positive or negative depending on whether Vref 
Min or Vre¢ Max occurs at the lower ambient temperature. (Refer to 


ad 
Figure 6) R2 TU 


Example: AVre¢ = 8.0 mV and slope is positive, Vref @ 25°C = R1 
P ref peisp ref VAs Veet ( * Rp) * ret? RI 


2.495 V, ATa = 70°C Vref 
0.008 x 106 zs 
ee apo ager FIGURE 3 — TEST CIRCUIT FOR log¢ 
Note 3: AVKA Input VKA 


The dynamic impedance Zx, is defined as: |Z,4| = "7 loft 
Alk 


When the device is programmed with two external resistors, R1 
and R2, (refer to Figure 2) the total dynamic impedance of the 


circuitis defined as: R1 
IZka‘l ~1Z (0-3) fa 
ka ka R2 
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TL431,A Series 


FIGURE 4 — CATHODE CURRENT versus FIGURE 5 — CATHODE CURRENT versus 
CATHODE VOLTAGE CATHODE VOLTAGE 


-200 I 
=] 0 1.0 2.0 3.0 
Va. CATHODE VOLTAGE (Vi Vka. CATHODE VOLTAGE (V) 
FIGURE 6 — REFERENCE INPUT VOLTAGE versus FIGURE 7 — REFERENCE INPUT CURRENT versus 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
2600/;~ To 7 0 
Input mK VKA | ] | ' T 
| Vka = Vret . Pa | 
€ Vref Max = 2550 mV S 
Fie = 
o a2 
<< wa 
& & 
$ a 
kb e 
= 2500 Vret Typ = 2495 mv _ 5 
= 2 
Z Z 
7 S 
w S 
oc cs 
= S 
Pad 
— 
-55 -25 0 25 50 75 100 125 
Ta, AMBIENT TEMPERATURE (°C) Ta. AMBIENT TEMPERATURE (°C) 
FIGURE 8 — CHANGE IN REFERENCE INPUT FIGURE 9 — OFF-STATE CATHODE CURRENT 
VOLTAGE versus CATHODE VOLTAGE versus AMBIENT TEMPERATURE 
9 1K 4 + r 
Vka= 36V 
Vref = OV 


100/-— Input VKA + 
Hott 


lott, OFF-STATE CATHODE CURRENT (nA) 


0 10 20 30 40 -55 -25 0 25 50 75 100 125 
Via. CATHODE VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C) 


AWVreg. CHANGE IN REFERENCE INPUT VOLTAGE (mV) 


— eee 
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|Z,q]. DYNAMIC IMPEDANCE (0) 


Avot. OPEN LOOP VOLTAGE GAIN (dB} 


VOLTAGE SWING (V) 


TL431,A Series 


FIGURE 10 — DYNAMIC IMPEDANCE FIGURE 11 — DYNAMIC IMPEDANCE 
versus FREQUENCY versus AMBIENT TEMPERATURE 
ae os aw SS eee 0.320 T Tr 7 T 7 
Ta = 25°C KA = Vret 
Alx = 1.0 mA to 100 mA = Alx = 1.0 mA to 100 mA 
= 0.300 f< 1.0 kHz ah ea 
Qo 
2 
4 
2 0.280 
Qa 
= 
o 
= 0.260 
C4 
2 
> 
© 0.240 
o 
v 
0.220 
0.200: 
: -65 -25 0 25 50 75 100 125 
f, FREQUENCY (MHz) Ty. AMBIENT TEMPERATURE (°C) 
FIGURE 12 — OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY FIGURE 13 — SPECTRAL NOISE DENSITY 
Trt Tt t-I-f 
1K=10 mA Tp = 25°C 
= 
= 
ates: 
=> 
= 
2 | 
| 
ban 
: | 
> 
a 
oOo 
= | 
| 
10 100 1.0k 10k 100 k 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
FIGURE 14 — PULSE RESPONSE FIGURE 15 — STABILITY BOUNDARY CONDITIONS 
140 on OO ee Se a 
A Vka = Vret 
120 B Vxqa=5.0V@ik=10mA 
C Vkqa=10V@ k= 10 mA 
J ipo 2 YKA= 15 V@Ik= 10 mA 
e Ta = 25°C 
= , 
] 
f= 80 
c 
—_ 
Oo 
60 
oO 
= 
gs 40 r 
= 
20) V7 ny ‘ 
VA 
0 A | 
40 8.0 12 16 20 100 pf 1000 pf 0.01 yf 0.1 yf 1.0 uf 10 yf 
t, TIME (xs) Ci, LOAD CAPACITANCE 
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TL431,A Series 


FIGURE 16 — TEST CIRCUIT FOR CURVE A FIGURE 17 — TEST CIRCUIT FOR CURVES B, C, ANDO 
OF STABILITY BOUNDARY CONDITIONS OF STABILITY BOUNDARY CONDITIONS 
150 150 
| 10k | 
lle a 
V+ a CL V+ vas CL 
| | 


TYPICAL APPLICATIONS 


FIGURE 18 — SHUNT REGULATOR FIGURE 19 — HIGH CURRENT SHUNT REGULATOR 
V+ Vout 0 Vout 
R1 | 
Jb. 
va 
R2 | 
{ 
R14 
Vout= {1+ } Vref 
Vout = (: =) Vref 
FIGURE 20 — OUTPUT CONTROL OFA FIGURE 21 — SERIES PASS REGULATOR 
THREE-TERMINAL FIXED REGULATOR 
V+ Vout 
MC7805 
R1 
Vout = (1 ree 
Vour= (1 +) Vv out ~ ~~) ref 
out R2 ref 
Vout Min = Vref + 5.0 V Vout Min = ne + Vbe 
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TL431,A Series 


FIGURE 22 — CONSTANT CURRENT SOURCE 


Re 
V+ lout 
aS 
| _ Vref 
out ~ 
RCL 
FIGURE 24 — TRIAC CROWBAR 
V+ Vout 
R1 
R2 
R1 
Vouttrip) © 1+ R2 Vref 


FIGURE 26 — VOLTAGE MONITOR 


L.E.D. indicator is ‘on’ when V+ is between the 
upper and lower limits. 


Lower Limit = + Vv 
R2 ref 


L (; ae Vv 
Upper Limit = + ) 
RA ref 


FIGURE 28 — LINEAR OHMMETER 


FIGURE 23 — CONSTANT CURRENT SINK 


FIGURE 25 — SCR CROWBAR 


V+ Vout 
R1 
R2 
V (1 ti Vv 
= + 
out(trip) R2 ref 


FIGURE 27 — SINGLE-SUPPLY COMPARATOR WITH 
TEMPERATURE-COMPENSATED THRESHOLD 


V+ 
Vout 
Vin 


Vth = Vret 


FIGURE 29 — SIMPLE 400 mW PHONO AMPLIFIER 
38 VO 


Ty= 33002 to800 330 


q 


80 


*Thermalloy 
THM 6024 
Heatsink on LP 
Package 
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Vin = 10 to 20 V 


TL431,A Series 


FIGURE 30 — HIGH EFFICIENCY STEP-DOWN 


SWITCHING CONVERTER 
150 pH @ 2.0A 


53 mV 
25 mV 


(1.1%) 


Line Regulation 


nee Ip= 1.0 A 
=15V,lg=OAto1.0A 
Vin= 10 V, Ilp=1.0A 50 MVp.p P.A.R.D. 


Output Ripple Vin = 20 V, Ig=1.0A 100 mVp.p P.A.R.D. 


(0.5%) 


Load Regulation 


Output Ripple 
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Data Conversion 


Selector Guide 


In Brief... 


A-D Converters ...........0. eee 6-2 

Motorola's line of digital-to-analog and analog-to- D-A Converters .............00008: 6-3 
digital converters includes several well established 
industry standards, and many are available in various A-D/D-A Converters ............++: 6-3 
linearity grades so as to suit most any application. F eat 

The A/D converters have 7 and 8-bit flash converters Alphanumeric Listing ............... 6-4 
suitable for NTSC and PAL systems, CMOS 8 to 10- 
bit converters, as well as other high-speed digitizing Related Application Notes...... 6-4 
applications:..° °c. to he ge BU ER raat hse ga eae AUTRES a 

The D/A converters have 6 and 8-bit devices, video 
speed (for NTSC and PAL) devices, and triple video Data Sheets ... 2.22.52. eke eseeeenees 6-5 


DAC with on-board color pallette for color graphics 
applications. 
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Data Conversion 


The line of data conversion products which Motorola offers spans a wide spectrum of speed and resolution/accuracy. Features, 
including bus compatibility, minimize external parts count and provide easy interface to microprocessor systems. Various 
technologies, such as Bipolar and CMOS, are utilized to achieve functional capability, accuracy and production repeatability. 
Bipolar technology generally results in higher speed, while CMOS devices offer greatly reduced power consumption. 


A-D Converters 


Ye UDF OG Be Bis Peer ee 
8 MC145040 +1/2 LSB +5.0, +10% | —40°C to + 85°C P/738 Requires External 
FN/775 | Clock, 11-Ch MUX 
MC145041 Includes Internal 
__|Clock, 11-Ch MUX 
MC14442 P/710  |P Compatible 
FN/776 | 11-Channel MUX 
S.A.R. 
av + — + 
Mc14549B | successive approximation +3.0 to +18|—55°C to +125°C|_ L/620 | Compatible with 
MC14559B registers —40°C to +85°C} P/648 |MC1408 S.A.R. 
L ve if. Z| 8-bit D-A Converter 
8~-10 MC14443/47 +0.5% 300 us Variable +5.0to +18] -—40°Cto +85°C| P/648 | uP Compatible, 
Full Scale w/Supply DW/751G | Single Slope, 
__|6-Channei MUX 
3-1/2 Digit repre +0.05% 40 ms - +2.0V +5.0to +8.0 P/709 Dual Slope 
iL +1 Count +200 mV_ | —-2.8to —8.0 DW/751E 
Bipolar 
a0 = on : 
7 MC10321 +1/2 LSB 40 ns Oto 2.0Vp-p}) +5.0 V and o°C to + 70°C P/738 |Video Speed, 
Max —3.0 V to DW/751D | Grey Code 
| Ht ~6.0V TTL Outputs 
8 MC10319 +1LSB L/623 |Video Speed Flash 
P/709 Converter, Internal 
DW/751F | Grey Code 
Die Form | TTL Outputs 
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D-A Converters 
cmos 


+5.0to +15} O°C to +85°C 707 Serial input, Hex DAC, 
DW 751G 6 outputs 
MC144111 P 646 Serial input, Quad DAC, 
LL DW 751G 4 outputs 
Bipolar 
ai el od 
8 DAC-08 Q + 1/2 LSB 150 ns +4.5to +18] —55°C to + 125°C 620 High-Speed Multiplying 
AQ | +1/4 LsB | 135 ns 
T_ 0°C to +70°C 620 
Cc +1 150 
LSB ns 648 
E +1/2 LSB | D/751B 
H +1/4 LSB 135 ns | 
MC1408 L6/P6 | +2 LSB | 300 ns Typ +5.0, 0°C to +75°C 620 Multiplying 
L7P7 | +1 LSB =e te os 
L8/P8 | +1/2 LSB 
MC1508 L8 | —55°C to +125°C 620 | 
E tele —_____| 
MC10318 P +1/2 LSB| 10 ns Typ O°c to + 70°C 648 ECL input Logic Levels 
Video Applications 
MC10320 +1/4 LSB +5.0 or +5.0 733 125 MHz Color 
Graphics Triple DAC 
MC10320-1 90 MHz Color 
MC10322 +1/2 LSB - 40°C to + 85°C TTL 40 MHz Min 
MC10324 ECL 40 MHz Min 


A-D/D-A Converters 


CMOS — For Telecommunicati 


MC145402 


ons 


Digital signal pro- 
cessing (e.g., echo 
cancelling, high- 
speed modems, 
phone systems 
with conferencing) 
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DATA CONVERTERS 
A-D Converters 


Device Function 
MC10319 High Speed 8-Bit,D-to-A Flash Converter ..............0005 
MC10321 High Speed 7-Bit A-to-D Flash Converter .................. 


D-A Converters 


Device Function 

DAC-08 High Speed 8-Bit Multiplying D-to-A Converter ............. 
MC1408 8-Bit Multiplying D-to-A Converter ........... 0.000000. 0 00s 
MC1508 8-Bit Multiplying D-to-A Converter .......... 0.0.0.0 0c eee 
MC10318P High Speed 8-Bit D-to-A Converters ...............000 eae 
MC10320, 20-1 Triple 4-Bit Color Palette Video DAC................-..005. 
MC10322 8-Bit Video DAC with TTL Inputs ...... 0.0.0... eee 
MC10324 8-Bit Video DAC with ECL Inputs ........... 0.0... 0c eee 


RELATED APPLICATION NOTES 


Application 

Note Title 

EB-51 Successive Approximation BCD A-to-D Converter .......... 

AN702 High Speed Digital-To-Analog And Analog-To-Digital 
TeGhNiIQUES'. 3. nse. e ead ees vhtakek tale ohdew cha 

AN926 Techniques for Improving The Settling Time of a DAC and 


Op Amp Combination............ 0. cee eee eens 
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de a guna eM EE See as 6-27 


duing Sed Rawe & 6-75 


Related 
Device 


MC1408, MC1508 
General Information 


Various 


MOTOROLA 


= SEMICONDUCTOR xy 2 
TECHNICAL DATA DAC-08 


HIGH SPEED 
HIGH SPEED 8-BIT MULTIPLYING D-TO-A CONVERTER 8-BIT MULTIPLYING D-TO-A 
The DAC-08 series is a monolithic 8-bit high speed multiplying digital-to- CONVERTER 
analog converter, capable of settling to within 1/2 LSB (0.19%) in 85 ns. 
Monotonic multiplying performance is retained over a wide 40-to-1 reference SILICON MONOLITHIC 
current range. Full scale and reference currents are matched to within 1 LSB, INTEGRATED CIRCUIT 


therefore eliminating the need for full scale trim in most applications. 

Dual complementry current outputs with high voltage compliance provide 
added versatility and allow differential mode of operation to effectively dou- 
ble the peak-to-peak output swing. In many applications, output current-to- 
voltage conversion can be accomplished without requiring an external op 
amp. Noise-immune inputs permit direct interface with TTL and DTL levels 
when the logic threshold control, Vic, (Pin 1) is grounded. All other logic 
family thresholds are attainable by adjusting the voltage level of Pin 1. Per- 
formance characteristics are virtually unchanged over the entire +4.5 V to 
+18 V power supply range. Power consumption is typically 33 mW with 
+5.0 V supplies. 

The DAC-08 is available in several versions, with nonlinearity as tight as 
+0.1% (+ 1/4 LSB) over temperature. All versions are guaranteed monotonic 
over 8 bits. For an extra margin of performance, Motorola utilizes thin-film 
resistors permitting very accurate resistive values which are extremely stable 
over temperature. 

High performance characteristics along with low cost, make the DAC-08 
an excellent selection for applications such as CRT displays, waveform gen- 
eration, high speed modems, and high speed analog-to-digital converters. 
Fast Settling Time — 85 ns 


16 } 
Ar anil 
1 1 


Q SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


Threshold Control 
(VLC) 


lout VREF(-} 


16 
VREF(+) 
13) V+ 

22] B8 (LSB) 


16} Compensation 
2 


B7 

Full Scale Current Prematched to +1 LSB be 
Nonlinearity Over Temperature to +0.1% Max Es PS 
9) BS 


Differential Current Outputs 

High Voltage Compliance Outputs —10 V to +18 V 

Wide Range Multiplying Capability 

Inputs Compatable With TTL, DTL, CMOS, PMOS, ECL, HTL 
Low Full Scale Current Drift 

Wide Power Supply Range +4.5V to +18V 

Low Power Consumption 

Thin-Film Resistors 

Low Cost 


[3] B1 (MSB) 
D SUFFIX 


PLASTIC PACKAGE (Top View) 
CASE 751B 
(SO-16) 


EQUIVALENT CIRCUIT 
(MSB) {LSB) 
Vic B1 B2 B3 B4 B5 Bé6 B7 B8 
Oo oO e) @) @) Oo @) e) 
1 5 16 7 18 |9 110/11 412 
Ss a ee a ee a 
Bias Logic Buffers and Level Shifters 
Network 


ORDERING INFORMATION 


Ceramic 
Ceramic 


Ceramic 


Temperature 
Range 


— 55°C to 
+ 125°C 


Device Nonlinearity 
DAC-08AQ, +0.1% 


Current 


Switches] °|°4° | 24° | 94° [Pm | 4? | 4? | P49 


L 0 0 0 0 0 o oO Q 
2 
3 


Ceramic 


Ceramic 


RZ 2R¢E 2RZ 2RS 2Re 2RS 2RS 2R 
0°C to +70°C 


SO-16 


Plastic 


R RR RR R 


Lt 


O O 
Compensation V- 
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DAC-08 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating Value Unit 
V+ Supply to V-Supply 36 i Vv 
Logic Inputs V- to V- Plus 36 Vv 
Logic Threshold Control V- to V+ Vv 
Analog Current Outputs lout See Figure 7 mA 
| Reference Inputs (V14, V15) VREF V- to V+ Vv 
| Reference Input Differential Voltage (V14 to V15) VREF(D) +18 Vv i 
Reference Input Current (114) IREF 5.0 mA 
| Operating Temperature Range a6 
DAC-08AQ, Q -65 to +125 
DAC-08HQ, EQ, CQ, HP, EP, CP, ED, CD 0 to +70 _| 
Storage Temperature -65 to +150 °C 
| Power Dissipation 500 mw 
Derate above 100°C 10 mW/°C 


ELECTRICAL CHARACTERISTICS 


(Vg = +15 V, IREF = 2.0 MA, Ta = -55°C to +125°C, unless otherwise noted.) 


DAC-08A DAC-08 
Characteristic Symbol | Min | Typ | Max Min Typ Max Unit 
Resolution = 8 8 a | 8 8 | 8 Bits 
Monotonicity = 8 a 8 8 8 s | 8 Bits 
Nonlinearity, Ta = 0°C to +70°C NL = — | +04 = au +0.19 | %FS 
Settling Time to + 1/2 LSB, Figure 24 ts = 85 — aes a5 es ns 
(All Bits Switched On or Off, Ta = 25°C)(Note 1) | | | 
Propagation Delay, Ta = 25°C (Note 1) ns 
Each Bit tPLH — 35 a = 35 = 
All Bits Switched tPHE i = a8 pa sic Or 
Full Scale Tempco TCles A pease +10 i _ oa +10 — ppm /ec | 
Output Voltage Compliance Voc -10 | a +18 -10 | — +18 Vv 
Full Scale Current Change < 1/2 LSB. 
Rout > 20 megohm typ. 
Full Range Current ippa. (1.984, 1992 | 2.000 | 1.94] 199 | 204 mA 


| Full Range Symmetry (i¢Rg - IER?) 


(VREF = 10.000 V; R14, R15=5.000ki2, Ta = 25°C) + 


Zero Scale Current 


Output Current Range 
V-=-50V 
V-=-8.0V to -18V 


Logic Input Levels (V_c = 0 V) 
Logic 0” 
Logic "1" 


Logic input Current (Vic = 0 V) 


Logic Input 0” (Vin = -10 V to +0.8 V) 
Logic input “1° (Vin = +2.0 V to +18 V) 


Logic Input Swing, V- = -15 V 


Logic Threshold Range, Vg = +15 V 


Reference Bias Current 


Reference Input Slew Rate Figure 19 (Note 1) 


V+=45Vt0 18 V 
V-=-45Vto-18V 


Power Supply Sensitivity (IREF = 1.0 mA) 


Power Supply Current 
Vg =+5.0V, IREF=1.0mA 


Vg =+5.0V,~-15V, IREeF=2.0mA 


Vg =+15 V. IREF=2.0mA 


Power Dissipation 

Vs = 5.0 V, IREF= 1.0 mA 

Vg =+5.0V,-15 V, Inef= 2.0 mA 
L Vg =+15V, IREF=2.0mA 


Note 1. Parameter is not 100% tested; guaranteed by design. 
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DAC-08 


ELECTRICAL CHARACTERISTICS (Vs = +15 V, IREF = 2.0 mA, Ta = 0°C to 70°C, unless otherwise noted.) 


DAC-08H DAC-08E 
Characteristic Symbol | Min | Typ 


| Resolution | | 8 
| Monotonicity | | 
Nonlinearity, Ta = 0°C to +70°C | one [| — | 


Settling Time to + 1/2 LSB 
(All Bits Switched On or Off, 
(Ta = 25°C) Figure 24 (Note 1) 


Propagation Delay, Ta = 25°C (Note 1) 
Each Bit 
All Bits Switched 


Full Scale Tempco TCles =| +10 


Output Voltage Compliance 
Full Scale Current Change 

< 1/2 LSB, 

Rout > 20 megohm typ. 


z 
< 
GC 


It 
Oo 
» 


|| 
Ww 
ao 


| 
4 
ro) 


P= [=10 | — Popmec | 
+18 Vv 


Full Range Current 
(Vref = 10.000 V; 

R14, R15 = 5.000 kQ) 

Ta = 25°C 


Full Range Symmetry (lpRq - IFR2) 


nT 
Pe] 
wn 
| 
it 
oO 
o 
rs 
cS 
Oo 
rs 
a 
° 
+ 
Loe] 
oO 
| 
I+ 
N 
Oo 


Zero Scale Current 


Output Current Range 
V- -5.0V 
V- -8.0Vto -18V 


Logic Input Levels (Vic = 0 V) 
Logic “0” 
Logic “1” 


How 


Logic Input Current (Vic = 0 V) 
Logic Input “0” 

(Vin = —10 Vto +0.8 V) 
Logic input “1” 

(Vin = +2.0V to +18 V) 


ae 
_ 
bee 
a 


Power Supply Sensitivity 
(IREF = 1.0 mA) 

V+ 45 Vto 18V 

V- -45Vto -18V 


Power Supply Current 
Vs = +5.0 V, IREF = 1.0mA 


Vs = +5.0V, -15V, IREF = 2.0mMA 


Vs = +18V, IREF = 2.0 mA 
Power Dissipation 
Vg = +5.0V, IREF = 1.0mA 
Vs = +5.0V, -15V, IRef = 20mA 
Vs = +15 V, IREF = 2.0 mA 


Note 1. Parameter is not 100% tested; guaranteed by design. 
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DAC-08 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 — FULL SCALE CURRENT versus 
REFERENCE CURRENT 


a i 
ang fan} —— 
4 | [ 

44 


5 


Limit for 


v-=-18V 
: 


+ + 


st 
Limit for 
V-=-5. 
=the 


Ips, OUTPUT CURRENT (mA) 


2.0 
Iner. REFERENCE CURRENT (mA) 


3.0 40 


FIGURE 3 — REFERENCE INPUT FREQUENCY RESPONSE 
6.0 
4.0 
2.0 


es See 
RI4=RIS=1k0) 
RL < 500 9 
All Bits “On” 


~6.0 
-8.0 


RELATIVE QUTPUT (dB) 


0.5 
f, FREQUENCY (MHz) 


1.0 2.0 


Curve 1 — Cg, = 15 pF, Vin = 2.0 V p-p Centered at +1.0 V (Large-Signal) 
Curve 2 — C, = 15 pF, Vin = 50 mV p-p Centered at +200 mV (Smali-Signal) 


FIGURE 5 — LOGIC INPUT CURRENT versus 
INPUT VOLTAGE 


LOGIC INPUT CURRENT (,:A) 


8.0 
LOGIC INPUT VOLTAGE (V) 


4.0 


PROPAGATION DELAY (ns) 


Vt - Vic (VOLTS) 


OUTPUT CURRENT (mA) 


FIGURE 2 — REFERENCE AMP 
COMMON MODE RANGE 


- 


Bits “On” | 
= Tmin to Tmax 


= g +— a + + 


V-=-5.0V 


Inef = 2.0 mA 
4 


1.6 4 
1.2 os 

0.8 1.0 mA 

04 0.2 ma +4 


4 ____1 


10 14 


-10 2.0 


-6.0 
V15, REFERENCE COMMON MODE VOLTAGE (V} 
NOTE: Positive Common Mode Range is Always (V+) -1.5 V 


-2.0 6.0 18 


FIGURE 4 — LSB PROPAGATION DELAY versus IFg 


0 
0.005 0.01 0.02 005 01 02 05 1.0 


Ips, OUTPUT FULL SCALE CURRENT (mA) 


2.0 


FIGURE 6 — VtH - VLC versus TEMPERATURE 


TEMPERATURE (°C) 
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DAC-08 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 — OUTPUT CURRENT versus 
OUTPUT VOLTAGE 
(Output Voltage Compliance) 


3.2 T af T | T 


All Bits ‘On’ 
Ta = Tmin to Tmax 


QUTPUT CURRENT {mA} 
a 


-14 -10 -6.0 -2.0 2.0 60 10 14 18 
OUTPUT VOLTAGE (V} 


FIGURE 9 — BIT TRANSFER CHARACTERISTICS 


QUTPUT CURRENT (mA} 


-12-10-8.0-6.0-40-200 20406080 10 12 14 16 18 
LOGIC INPUT VOLTAGE (V) 

NOTE: B1-B8 have identical transfer characteristics. Bits are fully switched 
with less than 1/2 LSB error, atless than +100 mV from actual 
threshold. These switching points are guaranteed to lie between 
0.8 V and 2.0 V over operating temperature range (Vic = OV) 


FIGURE 11 — POWER SUPPLY CURRENT versus V- 


8.0 T i © 7 emmesy ( T T heat 
Bits May Be “High” or ‘Low’ a 
7.0 +————+ + + 1 ___ 
| ae with IRep = 2.0 mA 
6.0 


I- with IREF = 


40 


30 : . {- with Iper 


2.0 


POWER SUPPLY CURRENT (mA) 


O -20 -40 -6.0 -80 -10 -12 -14 -16 -18 -20 
V-, NEGATIVE POWER SUPPLY (Vdc) 


QUTPUT VOLTAGE {V) 


POWER SUPPLY CURRENT (mA} 


POWER SUPPLY CURRENT (mA) 


FIGURE 8 — OUTPUT VOLTAGE COMPLIANCE 


versus TEMPERATURE 


: Shaded Area indicates Permissable 
+ “Output Voltage Range for V- = -15 V.2:: 
cIper < 2.0 mA 


ol eed = 


0 25 50 76 
TEMPERATURE (°C} 


FIGURE 10 — POWER SUPPLY CURRENT versus V+ 


8.0 


70 


60 


5.0 


40 


30 


2.0 


0 20 


h’ or “Low” 


40 


60 80 10 12 14 16 18 20 
V+, POSITIVE POWER SUPPLY (Vdc) 


FIGURE 12 — POWER SUPPLY CURRENT 
versus TEMPERATURE 


8.0 T 


+ 
All Bits “High” or “Low” 


T = 


7.0 


+ + + 
InEF = 2.0 mA V-=-15V 


MOTOROLA LINEAR/INTERFACE DEVICES 


6-9 


0 25 50 75 
TEMPERATURE (°C) 


100 125 


DAC-08 


BASIC CIRCUIT CONFIGURATIONS 


FIGURE 13 — RECOMMENDED FULL SCALE 
ADJUSTMENT CIRCUIT 


DAC-08 


FIGURE 15 — NEGATIVE LOW IMPEDANCE 
OUTPUT OPERATION 


If complementry output (Negative Logic DAC) is desired, con- 
nect noninverting input of op amp to Io (Pin 2) and ground Io 
(Pin 4) 


FIGURE 17 — BASIC NEGATIVE REFERENCE 
OPERATION 


MSB LSB 
B2 B4 B6 B8 
9 B39 B57B77 


_| -VREF 255 
lFR =| ——-| « 
RREF 256 


NOTE: Rprer sets full scale current IpR; R15 is for bias current 
cancellation. 


FIGURE 14 — POSITIVE LOW IMPEDANCE 
OUTPUT OPERATION 


OtotleR RL 


epee eed 
FR~ Seq 'REF 


tf complementry output (Negative Logic DAC) operation ts 
desired, connect inverting input of op amp to Ig (Pin 2) and 
ground Ig (Pin 4) 


FIGURE 16 — BASIC POSITIVE REFERENCE 
OPERATION 


MSB LSB 
B2 B4 BE B8 


0 


19 +19 = IFR for 
all logic states 


*VREF 


lFR~ x 
RreF 286 


For fixed reference, TTL operation, typical values are 
Vref = +10.000 V Co = 0.01 uF 
Rrer = 5.000 k Vic = 0 V (Ground) 
R15 = Rrer 
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DAC-08 


BASIC CIRCUIT CONFIGURATIONS 


FIGURE 18 — ACCOMMODATING BIPOLAR REFERENCES 


DAC-08 


R15 
(Optional) 


= Rref= R15 +VReF must be above peak positive swing of Vin 
InEF = Peak Negative Swing of li, 


FIGURE 19 — PULSED REFERENCE OPERATION 


+VREF 
° 


‘ 
1 


Optional Resistor 
for Offset Inputs $ RREF 


Typical Values: Rin 5.0k, +Vin = 10V 


Full Range 
Half Scale +LSB 
Half Scale 
Half Scale -LSB 
Zero Scale + LSB 
Zero Scate 
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DAC-08 


BASIC CIRCUIT CONFIGURATIONS 


FIGURE 21 BASIC BIPOLAR OUTPUT OPERATION 


IREF o 
2.000 mA 


9920 +10.000 
9840 -9 920 
0080 +0 160 
0000 -0 080 
+0080 O 000 
*9920 9 840 
-10 000 9 920 


Pos Full Range 
Pos Full Range -LSB 
Zero Scale «LSB 

Zero Scale 

Zero Scale LSB 
Neg Full Scate «LSB 
Neg Full Scale 


FIGURE 22. OFFSET BINARY OPERATION 


10k 50k 


*10V 


MC1404U10 Eo 


Pos Full Range 
Zero Scale 
Neg Full Scale +1 LSB 
Neg Full Scale 
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DAC-08 


FIGURE 23 — INTERFACING WITH VARIOUS LOGIC FAMILIES 


15 V CMOS, HTL, HNIL 10 V CMOS 
VTH = 7.6V VTH = 5.0 V 


Qt15V 9 “10V 


gon 


5.0 V CMOS 


10K ECL 
VTH = 2.8V 


VTH = —1.29V 


1N4148 


1N4148 


-5.0Vto-10V 


NOTE Do not exceed negative logic input range of OAC 
VTH - Vic ~14V 
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DAC-08 


FIGURE 24 — SETTLING TIME MEASUREMENT CIRCUIT 


For Turn “On, VU=2.7V 
For Turn “Off”, VL=O0.7V 


Minimum Tk 
Capacitance 
MBD501 
Schottky Diodes 


Vic 
2N2222A 


~-+0.4V 
OV (Turn “On’’) 
at Vout Ov 
: (Turn “Off"’) 
‘i Dass 


+15V 


Waveforms 


NOTE: Oscilloscope bandwidth for settling time measurement 
2 50 MHz 
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MOTOROLA 
= SEMICONDUC?IO: aay MC1408 


TECHNICAL DATA MC1508 


EIGHT-BIT MULTIPLYING EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER DIGITAL-TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 


; h ; ; 
. . . designed for use where the output current is a linear product INTEGRATED CIRCUIT 


of an eight-bit digital word and an analog input voltage. 


@ Ejight-Bit Accuracy Available in Both Temperature Ranges 
Relative Accuracy: +0.19% Error maximum 
(MC1408L8, MC1408P8, MC1508L8) 


Seven and Six-Bit Accuracy Available with MC 1408 Designated 
by 7 or 6 Suffix after Package Suffix 
Fast Settling Time — 300 ns typical L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Noninverting Digital Inputs are MTTL and 
CMOS Compatible 


Output Voltage Swing — +0.4 V to -5.0 V 
High-Speed Multiplying Input 
Slew Rate 4.0 mA/us 
Standard Supply Voltages: +5.0 V and 
-5.0Vto-15V 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 6 


FIGURE 2 — 1A 
FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS csr tie Ak: 


MSB LSB 


Al A2 A3 Aa AS A6 A779 A8 
nance [5 {6 re fa to fr x2 
CONTROL 

10-4 Current Switches 


es | 


P 2R Ladder | Bias Circuit 


13 
Reference Voc 
Current 
= oa eae —" Amplifier 
jo 16 
; | 


COMPEN 


lg, OUTPUT CURRENT (mA) 


(00000000) (11111111) 
INPUT DIGITAL WORD Source Pair 


NPN Current 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Audio Digitizing and Decoding 
Successive Approximation A-to-D Converters 
2 1/2 Digit Pane! Meters and DVM’s 
Waveform Synthesis 

Sample and Hold 


Peak Detector 


Programmable Power Supplies 
Analog-Digital Multiplication 
Digitat-Digital Multiplication 
Analog-Digital Division 

Digital Addition and Subtraction 
Programmable Gain and Attenuation 
CRT Character Generation 


Speech Compression and Expansion 


Stepping Motor Drive 
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MC1408, MC15¢08 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Vdc 


Operating Temperature Range 
MC1508 -55 to +125 
MC 1408 Series Oto +75 


Vref 
ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = -15 Vde, a = 2.0mA, MC1508L8: Ta, = -55°C to +125°C. 


MC 1408L Series: Ta = 0 to +75°C unless otherwise noted. Ali digital inputs at high logic level.) 


Settling Time to within +1/2 LSB [includes tpy y](Ta-+25°C)See Note 2; 5 


Propagation Delay Time 5 tPLH.tPHL 
Ta = +25°C 


Output Full Scale Current Drift 


Characteristic 


Relative Accuracy (Error relative to full scale IQ) 
MC1508L8, MC1408L8, MC1408P8 
MC1408P7, MC1408L7, See Note 1 
MC1408P6, MC1408L6, See Note 1 


Digital Input Logic Levels (MSB) 
High Level, Logic ‘'1"’ 
Low Level, Logic ‘0” 

Digital Input Current (MSB) 
High Level, Vj} = 5.0 V 
Low Level, Vj_ = 0.8 V 


Reference Input Bias Current (Pin 15) 


Output Current Range 
Veg =-5.0V 
Vee = -15 V, Ta = 25°C 


Output Current 
Vref = 2.000 V, R14 = 1000 2 


w 


Output Current 
(All bits low) 


Output Voltage Compliance (E, < 0.19% at Ta = +25°C) 
Pin 1 grounded 
Pin 1 open, Veg below -10 V 


-0.55, +0.4 
~5.0, +0.4 


Reference Current Slew Rate 


Output Current Power Supply Sensitivity 

Power Supply Current 
(All bits tow) 

Power Supply Voltage Range 3 VccR +4.5 +5.0 +5.5 
(Ta = +25°C) VEER -4.5 -15 -16.5 


Power Dissipation 3 
All bits low 
Veg = -5.0 Vde 105 170 
Vee = -15 Vde 190 305 
All bits high 
VEE = -5.0 Vde 90 - 
Vee = -15 Vde 160 = 


Note 1. All current switches are tested to guarantee at least 50% of rated output current. 
Note 2. All bits switched. 


fa 
mo 
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TEST CIRCUITS 
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 


Typical Values) R14 = R15=1k 
Vref = +2.0V 
144 C = 15 pF Vand |; apply to inputs A1 


5 14 «— R14 thru A8& 
AIO4 Vret (+) "s 
A2 of) The resistor tied to pin 15 is to temperature compensate the 
A3 0 7 bias current and may not be necessary for all applications. 
8 
gs 4 
Digital J A4 Oj Al A2 A3. Aa A5 A6 A7~ AB 
Inputs ) AS O— lo=K — t+ — FH — $F Ht Ht 
10 v 2 4 8 16 32 64 128 256 
AG on oo 
11 utput 
ef 
te 12 where K = —<- 
AB o-4 R14 
— 


and Ay = ‘'1%4 if Ay is at high level 
AN = 0" if Any is at low level 


(See text for 
values of C) 


FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT 
MSsB 


12-Bit 
Aa D-to-A 

Converter 
(+0.02% 


error max) 


Oto +10 V Output 


AS 
AS A10 All A112 


50k 


Error (1 V = 1%) 


MC1556 


MC 1408 Series 
MC1508 


8-Bit Counter 


24Vv 
ein 
04av 
+2.0 Vde 
tPHL = TPLH S10 ns 
0.7 V — Internal Usa R_ to GND for 
f SETTLING TIME Clamp Level turn off 
P 01H @q for Figure 5 measurement (see text). 
e, For settling time d ' 
© measurement. ts = 300 ns typical 
(All bits switched to+1/2 LSB 
alt low to high) 
15 pF Co &25 pF J 
| TRANSIENT AL = 502 
RESPONSE pin 4 to GND 
a ~100 7 
= 1 I teLH PHL 
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TEST CIRCUITS (continued) 


FIGURE 6 — REFERENCE CURRENT SLEW 
RATE MEASUREMENT 


Vec 


at Se 90% 
dt Rui at 2.0mMA 
Slewing 
Time 
FIGURE 7 — POSITIVE Vre¢ 
Vec 
R14=R15 
Alo 
A2 (+) Vref J 


MC 1408 
Series 
MC 1508 


See text for values of C. 


Vee 


FIGURE 8 — NEGATIVE Vref 
Vec 


R14= R15 


See text for values of C 
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FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT 
CIRCUIT SCHEMATIC 


DIGITAL INPUTS 


13 : 
Veco — 
_JREFERENCE © 

CURRENT 
14 AMPLIFIER | 


Vret(+)O@— t= 


160 


COMPENSATION 


9OAS 


Vref(-) 


100A6 1VOAT 12948 49 


CURRENT 
SWITCHES +4 


CIRCUIT 
E don 


O03 O1 O2 
VEE OUTPUT GND 
RANGE 
CONTROL 


CIRCUIT DESCRIPTION 


The MC1408 consists of a reference current amplifier, an 
R-2R ladder, and eight high-speed current switches. For many 
applications, only a reference resistor and reference voltage need 
be added. 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 


a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. This current is shunted to ground, and the 
maximum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current source pair is perfectly matched. 
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GENERAL INFORMATION 


Reference Amplifier Drive and Compensation 


The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the jadder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current 114. For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate R15 with only’a small sacrifice 
in accuracy and temperature drift. Another method for bipolar 
inputs is shown in Figure 25. 

The compensation capacitor value must be increased with in- 
creases in R14 to maintain proper phase margin; for R14 values 
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to VEE as this in- 
creases negative supply rejection. 

A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown in Figure 8. 
A high input impedance is the main advantage of this method. 
Compensation involves a capacitor to Veg on pin 16, using the 
values of the previous paragraph. The negative reference voltage 
must be at least 3.0-volts above the Veg supply. Bipolar input 
signals may be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input Jevel at pin 15. 

When adc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5.0-V supply which drives 
logic is to be used as the reference, R14 should be decoupled by 
connecting it to +5.0 V through another resistor and bypassing 
the junction of the two resistors with 0.1 uF to ground. For 
reference voltages greater than 5.0 V, a clamp diode is recommen- 
ded between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods apply 
and the amplifier must be heavily compensated, decreasing the 
overall bandwidth. 


Output Voltage Range 


The voltage on pin 4 is restricted to a range of -0.55 to +0.4 
volts at +25°C, due to the current switching methods employed 
in the MC1408. When a current switch is turned “off’’, the posi- 
tive voltage on the output terminal can turn ‘‘on’’ the output 
diode and increase the output current level. When a current switch 
is turned ‘‘on’’, the negative output voltage range is restricted. 
The base of the termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe level will drive the low current 
device of the Darlington into saturation, decreasing the output 
current level. 

The negative output voltage compliance of the MC1408 may 
be extended to -5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more negative than -10 volts. 
Using a full scale current of 1.992 mA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output 
of 256 levels between 0 and -4.980 volts. Floating pin 1 does 
not affect the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
increased voltage swing. Values of Ry up to 500 ohms do not sig- 
nificantly affect performance, but a 2.5-kilohm load increases 
“worst case’ settling time to 1.2 us (when al! bits are switched on). 


Refer to the subsequent text section on Settling Time for more 
details on output loading. 

lf a power supply value between -5.0 V and -10 V is desired, 
a voltage of between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum allowable negative out- 
put swing. 


Output Current Range 


The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages typically more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 


Accuracy 


Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scale current drift. Relative accuracy is the 
measure of each output current level as a fraction of the full scale 
current. The relative accuracy of the MC1408 is essentially 
constant with temperature due to the excellent temperature track- 
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the MC1408 has a very low full 
scale current drift with temperature. 

The MC1408/MC1508 Series is guaranteed accurate to with- 
in +1/2 LSB at +25°C at a full scale output current of 1.992 mA. 
This corresponds to a reference amplifier output current drive to 
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 uA 
which is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA, 
allowing some mismatch in the NPN current source pair. The 
accuracy test Circuit is shown in Figure 4. The 12-bit converter 
is calibrated for a full scale output current of 1.992 mA. This is 
an optional step since the MC1408 accuracy is essentially the 
same between 1.5 and 2.5 mA. Then the MC1408 circuits’ full 
scale current is trimmed to the same value with R14 so that a zero 
value appears at the error amplifier output. The counter is activated 
and the error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurate D-to-A converter. 16-bit accuracy implies a total 
error of +1/2 of one part in 65, 536, or +0.00076%, which is much 
more accurate than the +0.19% specification provided by the 
MC1408x8. 


Multiplying Accuracy 


The MC1408 may be used in the multiplying mode with 
eight-bit accuracy when the reference current is varied over a range 
of 256:1. The major source of error is the bias current of the 
termination amplifier. Under ‘‘worst case’’ conditions, these eight 
amplifiers can contribute a total of 1.6 “A extra current at the 
output terminal. If the reference current in the multiplying mode 
ranges from 16 vA to 4.0 mA, the 1.6 “A contributes an error 
of 0.1 LSB. This is well within eight-bit accuracy referenced to 
4.0mA. 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
MC1408 is monotonic for all values of reference current above 
0.5mA. The recommended range for operation with a dc reference 
current is 0.5 to 4.0 mA. 


MOTOROLA LINEAR/INTERFACE DEVICES 


6-20 


MC1408, MC1508 


GENERAL INFORMATION (Continued) 


Settling Time 


The ‘‘worst case’’ switching condition occurs when all bits are The test circuit of Figure 5 requires a smaller voltage swing for 
switched ‘‘on’’, which corresponds to a low-to-high transition for the current switches due to internal voltage clamping in the MC- 
all bits. This time is typically 300 ns for settling to within +1/2 1408. A 1.0-kilohm load resistor from pin 4 to ground gives 
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and 6-bit a typical settling time of 400 ns. Thus, it is voltage swing and not 
accuracy. The turn off is typically under 100 ns. These times the output RC time constant that determines settling time for 
apply when Ri <500 ohms and Co <25 pF. most applications. 

The slowest single switch is the least significant bit, which turns Extra care must be taken in board layout since this is usually 
“on"' and settles in 250 ns and turns “‘off’’ in 80 ns. In applica- the dominant factor in satisfactory test results when measuring 
tions where the D-to-A converter functions in a positive-going settling time. Short leads, 100 uF supply bypassing for tow fre- 
ramp mode, the ‘‘worst case’ switching condition does not occur, quencies, and minimum scope lead length are all mandatory. 


and a settling time of less than 300 ns may be realized. Bit A7 
turns ‘‘on”’ in 200 ns and “‘off’’ in 80 ns, while bit A6 turns ‘‘on”’ 
in 150 ns and “‘off’’ in 80 ns. 


TYPICAL CHARACTERISTICS 
(Vcc = +5.0 V, Veg =-15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 11 — TRANSFER CHARACTERISTIC versus TEMPERATURE 
FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOL TAGE {A5 thru A8 thresholds tie within range for A1 thru A4) 


1.0 

= 
£ 
=> b 
= a 
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a = 
fe Ee 
2 = 
Oo i 
e D> 
=) oO 
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2 = 

2.0 3.0 f : 0 1.0 2.0 3.0 4.0 5.0 

Vj, LOGIC INPUT VOLTAGE (Vdc) Vi, LOGIC INPUT VOLTAGE (Vac) 
FIGURE 12 — OUTPUT CURRENT versus OUTPUT VOLTAGE FIGURE 13 — OUTPUT VOLTAGE versus TEMPERATURE 
(See text for pin 1 restrictions) (Negative range with pin 1 open is -5.0 Vde over full temperature range) 
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TYPICAL CHARACTERISTICS (continued) 
(Voc = +5.0 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 14 — REFERENCE INPUT FREQUENCY RESPONSE 


FIGURE 15 — TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE (all bits low) 


+8.0 
+6.0 
_ +40 s 
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t, FREQUENCY (MHz) T, TEMPERATURE (°C) 
FIGURE 16 - TYPICAL POWER SUPPLY CURRENT 
versus Veg (all bits low) 
Unless otherwise specified: 20 + r > ae T ] ‘ecueaae| 
R14= R15 = 10k [ | 
C= 15 pF, pin 16 to VEE ay 1G PE ee 4 ae + 4 
RL = 50 82, pin 4 to GND = 
Curve A: Large Signal Bandwidth 2 
Method of Figure 7 = 
Vret = 2.0 Vip-p) offset 1.0 V above GND = 
=) 
a 
Curve B: Small Signal Bandwidth 2 
Method of Figure? Ry = 250 $2 Zz 
Vref = 50 mV(p-p) offset 200 mV above GND « 
FS 
Curve C: — Large and Small Signal Bandwidth » 
Method of Figure 25 (no op-ampl, Ry = 50 82) 
Rg = $082 
Vref = 2.0V 
uSe. Ravin apcenterenal OY 0-20-60 60 860 -10  -12 -14 16-18 -20 
Vee, NEGATIVE POWER SUPPLY (Vdc) 
APPLICATIONS INFORMATION 
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION 
Vec Vref = 2.0 Vde 
R14 = R15 = 1.0 kN 
Ro = 5.0k0 
13 Theoretical Vo 
5 be ae Vv Al A2 A3. Ad AB AG AT AB 
MSB ALO +—o J — -@ Vref ¥Vo= sting |S eee Ses ID Ne NO NE tN: 
A20— 15 R14 2 4 8 16 32 64 128 256 
d 
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A5o—j Series , Ro 
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A6 Oo arid Vo=— (5k) ]=a+-+-+ a+ e+ 70+553'+1s 
agers ey O- TPM la +a* et 16° 327° ea’ T28 * 256 
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APPLICATIONS INFORMATION (continued) 


Voltage outputs of a larger magnitude are obtainable with this 
circuit which uses an external operational amplifier as a current 
to voltage converter. This configuration automatically keeps the 
output of the MC1408 at ground potential and the operational 
amplifier can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are primarily 
determined by the characteristics of the operational! amplifier. In 
addition, the operational amplifier must be compensated for unity 
gain, and in some cases overcompensation may be desirable. 

Note that this configuration results ina positive output voltage 
only, the magnitude of which is dependent on the digital input. 

The following circuit shows how the MLM301AG can be used 
in a feedforward mode resulting in a full scale settling time on 
the order of 2.0 us. 


FIGURE 18 


(To pina 
of MC1508L8) 


An alternative method is to use the MC1539G and input com- 
pensation. Response of this circuit is also on the order of 2.0 us. 
See Motoroia Application Note AN-459 for more details on this 
concept. 


FIGURE 19 


(To pina 
of MC1508L8) 


0.2 uF 


The positive voltage range may be extended by cascading the 
Output with a high beta common base transistor, Q1, as shown. 


FIGURE 20 — EXTENDING POSITIVE 
VOLTAGE RANGE 


(Resistor and 
diode optional, 
see text) 


MC1S508L8 


Ge 


The output voltage range for this circuit is 0 volts to BVcBO 
of the transistor. !f pin 1 is left open, the transistor base may be 
grounded, eliminating both the resistor and the diode. Variations 
in beta must be considered for wide temperature range applica- 
tions. An inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the collector of 
the transistor. Also, high-speed operation is possible with a large 
Output voltage swing, because pin 4 is held at a constant voltage. 
The resistor (R) to VEE maintains the transistor emitter voltage 
when ail bits are ‘off’ and insures fast turn-on of the least 
significant bit. 


Combined Output Amplifier and Voltage Reference 


For many of its applications the MC1408 requires a reference 
voltage and an operational amplifier. Normally the operational 
amplifier is used as a current to voltage converter and its output 
need only go positive. With the popular MC1723G voltage regula- 
tor both of these functions are provided in a single package with 
the added bonus of up to 150 mA of output current. See Figure 
21. The MC1723G uses both a positive and negative power supply. 
The reference voltage of the MC1723G is then developed with 
respect to the negative voltage and appears as a common-mode 
signal to the reference amplifier in the D-to-A converter. This 
allows use of its output amplifier as a classic current-to-voltage 
converter with the non-inverting input grounded. 

Since +15 V and +5.0 V are normally available in a combina- 
tion digital-to-analog system, only the -5.0 V need be developed. 
A resistor divider is sufficiently accurate since the allowable range 
on pin 5 is from -2.0 to -8.0 volts. The 5.0 kilohm pulldown 
resistor on the amplifier output is necessary for fast negative 
transitions. 

Full scale output may be increased to as much as 32 volts by 
increasing Ro and raising the +15 V supply voltage to 35 V maxi- 
mum. The resistor divider should be altered to comply with the 
maximum limit of 40 volts across the MC1723G. Cag may be 
decreased to maintain the same RQCo product if maximum speed 
is desired. 
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APPLICATIONS INFORMATION (continued) 


Programmable Power Supply FIGURE 22 — BIPOLAR OR NEGATIVE OUTPUT 
The circuit of Figure 21 can be used as a digitally programmed VOLTAGE CIRCUIT 

Power supply by the addition of thumbwheel switches and a BCD- 

to-binary converter. The output voltage can be scaled in several 

ways, including 0 to +25.5 volts in 0.1-volt increments, +0.05 volt; 

or 0 to 5.1 volts in 20 mV increments, +10 mV. 


FIGURE 21 — COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 


MC1408 Series 
MC 1508 


Ro 5k 
Veco +5 Vv 
13 
MSB SS 
A102 MC1723G | 
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8 5k 
“ MC1408 Series v Al A2 A3 Aa AS AGB AT 
A A? as] v 
ae MC1508 VG = (RG) | at aot a bare ay _ Srehiag) 
R14 2 4 8 16 32 64 128 256| Rg 
AB +15 V 
a7 oll 
A8 
LsB 


FIGURE 23 — BIPOLAR OR INVERTED NEGATIVE 
OUTPUT VOLTAGE CIRCUIT 


A 
c——, 


A1A2 A3A4A5A6A7 AB 
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Vee -15 V 


MC1408 Series 


Ro MC1508 


Vo = Vret a aia {A} 


Settling time for a 10-voit step = 1.0 us MC1741G 


or Equiv Vo 


For A = 00000000 
bit configuration 


Vo = -Vret 
For a+5.0 volt output range: 
Vref = -5.00 volts 


-15V R14 = R15 = 2.5k2 
+S V ~Vret C = 37 pF (min) 
Ro = 8k 


Bipolar or Negative Output Voltage 


The circuit of Figure 22 is a variation from the standard volt- 
age output circuit and will Produce bipolar output signals. A Decrease Ro to 2.5 k®2 for a0 to -5.0-volt output range. 
Positive current may be sourced into the summing node to offset This application provides somewhat lower speed, as previously 
the output voltage in the negative direction. For example, if discussed in the Output Voltage Range section of the General 
approximately 1.0 mA is used a bipolar output signal results which Information. 
may be described as a 8-bit ‘’1’s’’ complement offset binary. Vref 
may be used as this auxiliary reference. Note that Ro has been 
doubled to 10 kilohms because of the anticipated 20 V(p-p) 
output range. 
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APPLICATIONS INFORMATION (continued) 


Polarity Switching Circuit, 8-Bit Magnitude 
Plus Sign D-to-A Converter 


Bipolar outputs may also be obtained by using a polarity switch- 
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus 
asign bit. [In this configuration the operational amplifier is switched 
between a gain of +1.0 and -1.0. Although another operational 
amplifier is required, no more space is taken when a dual operational! 
amplifier such as the MC1558G is used. The transistor should be 
selected for a very low saturation voltage and resistance. 


FIGURE 24 — POLARITY SWITCHING CIRCUIT 
(8-Bit Magnitude Plus Sign D-to-A Converter) 


Vo=VoP VoP 


1/2 MC 1558G 
or Equiv 


Polarity or Equiv 


Control Bit 


Programmable Gain Amplifier or Digital Attenuator 


When used in the multiplying mode the MC1408 can be 
applied as a digital attenuator. See Figure 25. One advantage of 
this technique is that if Rg = 50 ohms, no compensation capacitor 
is needed. The small and large signal bandwidths are now identical 
and are shown in Figure 14. 


The best frequency response is obtained by not allowing !44 
to reach zero. However, the high impedance node, pin 16, is 
clamped to prevent saturation and insure fast recovery when the 
current through R14 goes to zero. Rg can be set for a +1.0 mA 
variation in relation toly4. 144 can never be negative. 

The output current is always Unipolar. The quiescent dc output 
current level changes with the digital word which makes ac coupling 
necessary. 


FIGURE 25 — PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 
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Panel Meter Readout 


The MC1408 can be used to read out the status of BCD or 
binary registers or counters in a digital control system. The current 
output can be used to drive directly an analog panel meter. Ex- 
ternal meter shunts may be necessary if a meter of less than 2.0 
mA full scale is used. Full scale calibration can be done by adjust- 
ing R14 or Veet 


FIGURE 26 — PANEL METER READOUT CIRCUIT 


Digital Word From Counter or Register 


mse“ isp 


MC 1408 Series 
MC1508 


Observe internal meter 
resistance (for pin 4 
voltage swing). 


FIGURE 27 — DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 
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APPLICATIONS INFORMATION (continued) 


FIGURE 36 — TWO-DIGIT BCD CONVERSION 


VYec 


MC1408L7 
MC1408P7 


Most Significant 
BCD Word 


Least Significant 
BCD Word 


Two 8-bit, D-to-A converters can be used to build a two digit 
BCD D-to-A or A-to-D converter. If both outputs feed the virtual 
ground of an operational amplifier, 10:1 current scaling can be 
achieved with a resistive current divider. !f current output is de- 
sired, the units may be operated at full scale current levels of 


MC1741 
or Equiv 


$200 0.5% 


te 


4.0mA and 0.4 mA with the outputs connected to sum the currents. 
The error of the D-to-A converter handling the least significant 
bits will be scaled down by a factor of ten and thus an MC1408L6 
may be used for the least significant word. 


FIGURE 37 — DIGITAL QUOTIENT OF TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 


The circuit shown is a simple counter- 
ramp converter, 
and dual threshold comparator can be 
used to provide faster operation and con- 
tinuous conversion. 
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TECHNICAL DATA 


HIGH SPEED 
HIGH SPEED 8-BIT DIGITAL-TO-ANALOG 
8-BIT DIGITAL-TO-ANALOG CONVERTER CONVERTER 
The MC10318 is a high-speed D/A converter capable of data SILICON MONOLITHIC 
conversion rates in excess of 25 MHz. The digital inputs are com- INTEGRATED CIRCUIT 


patible with MECL 10,000 Series Logic. Complementary current 
outputs provide up to 56 mA full scale capability. The MC10318 
is 8-bit accurate, and over temperature to meet the requirements 
of many applications, including: high-speed instrumentation and 
test equipment, storage oscilliscopes, display processing, radar 
systems, and digital video systems (broadcast and receiver 
applications). 

Fast Settling Time — 10 ns (Typ to + 0.19%) 

8-Bit Accurate (0.19%) 

Inputs MECL 10,000 Compatible 

Complementary Current Outputs 

Output Compliance: —1.3Vto +2.5V 

Single MECL Supply: —5.2 V 

Standard 16-Pin Dual-In-Line Package 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


BLOCK DIAGRAM 


Digital Inputs 


PIN CONNECTIONS 
(TOP VIEW) 


(MSB) D7 D6 D5 D4 D3 D2 D1D0 (LSB) 
0 


Current 


Switches 
! | 1 
| | t 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) 


Reference Amplifier Differential Inputs 


Operating Temperature Range | ta | 


Storage Temperature Range 


Rating Value Unit 
Power Supply Voltage -6.0 to +0.5 i Vde 
| Digital Input Voltage Vi 0 to VEE | Vdc | 
Applied Output Voltage Vo +5.0 to VEE Vde 
Reference Current lref(12) 5.0 mA 
Output Current les -75 mA 
Reference Amplifier Input Range Vref ~0.5 to VEE 


Junction Temperature +130 jc | 
Thermal Resistance, Still Air 67 CW 
Junction to Ambient With 500 LFPM 50 


DC CHARACTERISTICS (Vege = —5.2 V, +5% Ta = 0°C to + 70°C after thermal equilibrium is reached.) 


Characteristics Fig. | Symbol Min Typ Max Unit 
Nonlinearity (integral) (Pin 14 or 15) —_— _— —_— +0.19 IFS 
( (@ Ips = 51 mA, 25.5 mA) tf 
Zero Scale Output Current (Pin 14 or 15) (Ta = 25°C) 10 Izs — 5.0 50 uA 
Zero Scale Output Current Temperature Drift (Pin 14 or 15) IZS/AT nArC 
0 < Ta < 25°C — +17 — 
25°C < Ta < 70°C sore +2.0 —_ 
=] 
Full Scale Output Current (Pin 14 or 15) 10 IFS 46 51 56 mA 
(lref = 3.2 mA, DO-D7 = 1) 
Full Scale Output Current Temperature Drift (Pin 14 or 15) | AlFs°c ppm°C 
0< Tas < 25°C — +50 _ 
25°C < Ta < 70°C | = +10 a 
Full Scale Output Sensitivity to Power Supply Variations l|ESpss — +0.005 | +0.02 %ol% 
(Pin 14 or 15) 
(-4.94 V < Veg < —5.46 V) al 
Full Scale Symmetry (leg — IFS) | 10 lFSS — +21 +100 BA 
Output Voltage Compliance (Pin 14 or 15) Voc -1.3 —_ +25 Vv 
Full Scale Current Change < 1/2 LSB 
(Specified Nonlinearity) (Ta = 25°C) _| 
Output Resistance (Pin 14 or 15) (Ta = 25°C) al 12 Ro = 69 = kQ 
Reference Amplifier Offset Voltage (Ta = 25°C) 4 VIO — +3.2 — mV 
Reference Amplifier Offset Voltage Temperature Drift AVIO/AT uVIeC 
0< Tas < 25°C —_ +10 — 
25°C < Ta < 70°C = +40 _— 
“I 
Reference Amplifier Bias Current (Pin 10) iB _ 15 pA 
(lref = 3.2 mA) 
Reference Amplifier Bias Current Temperature Drift (lref = 3.2 mA) ANB/AT nArc 
0< Ta < 25°C — —40 — 
26°C < Ta < 70°C 
Reference Amplifier Common Mode Range VICR = +£1.15 _ Vv 
(VEE = ~5.2 V) (Ta = 25°C) 
Reference Amplifier Common Mode Rejection Ratio VICMRR dB 
L (Ta = 25°C) (lref = 3.2 mA, VicR = 0 to —2.0V, Pins 1-8 = Logic 1) 
Reference Amplifier Input Impedance M2) 
(Pin 10) (Ta = 25°C) 
Power Supply Current Ab mA 
(Pins 1 thru 8 Open, lref = 3.2 mA, Includes lg + Io) 
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AC CHARACTERISTICS (Ta = 25°C, Veg = -5.2 V,"£5%) 


Characteristics Fig. Symbol! Min Typ Max Unit 
Feedthrough Current — All Bits Off i] IFC BA p-p 
f = 10 kHz _— 2.0 _— 
f = 100 kHz — 18 _— 
Distortion — ((@ Io) . % 
(Sinewave applied to reference amplifier Input, DO-D7 = Logic 1) 
C = 0.01 pF, f = 20 kHz THD —_— 1.0 —_— 
C = 0.01 uF, f = 65 kHz THD —_— 5.0 — 
C = 0.001 pF, f = 340 kHz THD _ 1.0 —_— 
C = 0.001 uF, f = 600 kHz THD — 2.0 — 
C = 240 pF, f = 600 kHz THD — 0.8 — 
+ 4+ 
Reference Amplifier Slew Rate (Step change at Pin 10, all bits on) 13 mA BS 
C = 0.01 pF = 0.5 =2 
C = 0.001 pF =a 5.0 = 
C = 240 pF — 20 = 
+ 
Settling Time (to +0.19% of Full Scale) 1,22 ts ns 
1 LSB Change _ 7.0 — 
All Bits Switched _ | 10 _— 
fe T 
Propagation Delay 2 tp _ 5.0 — ns 
Output Glitch Energy (with De-Skewing Capacitors) —_ 50 _— LSB-ns 
(Input Change: 01111111 —~ 10000000) 
Glitch Duration — 5.9 — ns 
DIGITAL INPUT VOLTAGE LEVELS ie 9) The power supply pin. VEE is neminal 5.2 V, 
- °. 


Volts (See Note) 


Gnd (Pin 16) The ground pin. This line should be as noise-free 


ViHAmin as possible in order to obtain a noise-free output. 


Vitamax 


— 1.151 1.868 
~ 0.810 | ~ 1.105 ~ 1.605 1.850 NOTE Veg = —5.2V. =5% Inputs are MECL 10,000 compatible within 
~ 1.052 1.480 1.830 4 the temperature and power supply ranges listed See MECL System 


Design Handbook for further details See Fig 19 in this data sheet 


FUNCTIONAL PIN DESCRIPTION FIGURE 1 — SETTLING TIME 


DO-D7 (Pins 1-8) The eight ECL digital inputs compatible with 
MECL 10,000 series devices. Logic ‘0’ is nominally 1.8 V, DO-D7 -09V 
and Logic ‘‘1"' is nominally - 0.9 V. Inputs -18V 


Vref. (Pin 10) The high impendance input of the reference 


OmA 
amplifier. This input is normally grounded, but may be used \ 
for ac applications involving modulation, digitally controlled \ ¥ 
gain, etc. Normal operating range is from ground to Veg ~ 2.9 p 


V (nominally — 2.3 V). —51 mA 7 1 LSB 
Vret. (Pin 12) The noninverting input of the reference ampli- ae | {Expanded 
fier. The inverted output of the reference amplifier is internally Scale) 


fed back to this input, thus causing it to track Pin 10. A nominal FIGURE 2 — PROPAGATION DELAY 
3.2 mA is to be supplied to this pin from an external (stable 
and noise free) voltage source and current setting resistor. 


Comp. (Pin 11) A nominal 0.01 uF capacitor is connected to DO-D7 -09V 
this pin and to ground to stabilize the reference amplifier. Inputs -1.8V 
Lower values of capacitor may be used if a good PC board OmA 


layout is used, where frequencies higher than 10 kHz are ap- 
plied to the reference amplifier. 


lo, Ig (Pins 14,15) The complementary current outputs. Current 
flow is into the DAC and varies linearily with lef and the digital —51mA 
input code. loyt increases as the digital input increases. Output <~ ty 
compliance range is —1.3V to +2.5V. 
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N 


RELATIVE CURRENT GA! 


RELATIVE CURRENT GAIN (dB) 


RELATIVE CURRENT GAIN (dB) 


MC10318P 


REFERENCE AMPLIFIER RESPONSE : 
Inverting input (V-e¢_) Noninverting Input (Vre¢ .) 


Test Circuit of Fig. 14 Test Circuit of Fig. 11 
FIGURE 3 — FREQUENCY RESPONSE : FIGURE 6 — FREQUENCY RESPONSE 
0 tr | 180 
2.0 q i Tt 
oe ~20 - +4444) 160 
~ 40 _ w-40 tty i 
60 @ 2-60 HHH 140 2 
x <-80 tot 
8.0 i = — 10 ae +120 8 
~ 10 i 2-12 t rH 
a 5 S-14 FH od 
OB w-16 44  @ 
~14 = E- 18 Leg = 
~16 } - w—20 ~ rH +4 
a ie oe hae acme 
~ 18 i 5 ae) (Coe Coreen coco Gece Ce . pit| Fee Cope {44 
—~20 t 100 Torn 
1.0k 2.0k 10k 20k 100k 1.0k 10k 100k 
f, FREQUENCY (Hz) f, FREQUENCY {Hz} 


FIGURE 7 — FREQUENCY RESPONSE 


T (DEGREES) 


F 


SHI 


C = 0.001 wrt 44 
———+>- —+ - +++ T 


f, FREQUENCY (Hz f, FREQUENCY (Hz) 


FIGURE 5 — FREQUENCY RESPONSE FIGURE 8 — FREQUENCY RESPONSE 


: | 
os a 
6.0 = ian + } 
Gain + +4 
=12 o 4 4 
4+—-.+—f + + + 
: ae 


100 k 1M 10M 100 k 1M 10M 
f, FREQUENCY (Hz) f, FREQUENCY (Hz) 
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PHASE SHIFT (DEGREES) 


PHASE SHIFT (DEGREES) 


MC10318P 


TEST CIRCUITS 
FIGURE 9 — FEEDTHROUGH MEASUREMENT FIGURE 10 — ZERO/FULL SCALE CURRENT 
Logic ‘0’ Logic ; for Zero Scale lo 
+10.56 V po ——-——— D7 41056V “Dont oe D7 1 for Full Scale Ig 


Signal Generator Conditions: Oto 1 V p-p Sinewave 


FIGURE 11 — GAIN/PHASE MEASUREMENT 


1.0k 1) 201) 


Signal Generator Conditions: Oto 2V pp Sinewave 


Reference dB Level: See Text See Figures 6-8 


FIGURE 13 — REFERENCE AMPLIFIER SLEW RATE 


Signal Generator Conditions: 0 to - 2 V p-p Square Wave, 1 kHz 


FIGURE 12 — OUTPUT RESISTANCE 


= 3.8V 
Output Ro = TRIE 
° 


FIGURE 14 — GAIN/PHASE MEASUREMENT 


Signal Generator Conditions: 0 to - 2 V p-p.Sinewave 


Reference dB Level: See Text. See Figures 3-5 
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OPERATIONAL INFORMATION 


Typical DAC Operation 
The MC10318 is designed to be operated with an Ire¢ 
(Pin 12) of 3.2 mA, resulting in a full scale output current 
(lo) of 51 MA when DO through D7 are at a Logical ‘1’ 
{-0.9 V}. The transfer equation for Ig is therefore: 
A 
lo = lref X 16 X 5 
("A” is the binary value of the digital input). 


Typically Vref (Pin 10) is connected to Ground, and 
lref is supplied to Vre¢. (Pin 12) by means of an external 
supply V, (see Figure 15). A resistor inserted between 
Pin 10 and Ground will minimize temperature drift, and 
should have a value equivalent to that connected to Pin 
12. Any noise or ripple present on the reference current 
will be present on the output current, and the stability 
of the reference directly affects the output current’s sta- 
bility. The ground connection for Vref should be cho- 
sen with care so as not to pick up noise (digital or 
otherwise). 

The complementary outputs (lp and ig) are high 
impedance current sources having a compliance range 
of 3.8V(-1.3 to -2.5 V). lg increases with increasing 
digital input, while le decreases. Their sum is aconstant 
equal to 15.94 x |ra¢. Neither output can be left open 
— an unused output must be connected to ground or 
a load resistor. Typically both outputs should be loaded 
similarly for best speed and accuracy performance. A 
compensation capacitor must be connected between 
Pin 11 and Ground to stabilize the amplifier. A 0.01 uF 
ceramic is satisfactory for most applications, and should 
be located physically close to the device. The ground 
side of the capacitor should be noise-free. When op- 
erated as above, the outputis) will be controlled by the 
digital inputs, and the MC10318 can be used for various 
functions such as waveform generation, process con- 
trol, ADC conversion, and others. 


FIGURE 15 — TYPICAL OPERATION 


Digital Signal “A” (ECL Level) 


Common Mode Range — AC Operation 
The reference amplifier inputs (Pins 10 and 12) may 
be used to contro! the output current in conjunction 


with the digital inputs for applications such as digitally 
controlled gain of an ac signal, digitally controlled am- 
plitude modulation, and others. Either the positive or 
negative input of the reference amplifier may be used, 
depending on the application. There are, however, dif- 
ferences in the manner in which an ac signal is to be 
applied. 

1) When applying a signal to the Vre¢ (Pin 10) input 
(See Figure 16), the signal must be kept within the range 
of Oto - 2.3 V. The input has a high impedance (typically 
1 Megohm). The Vre¢. pin (Pin 12) will track this signal, 
causing I;ef to vary, in turn causing Ig and Ig to vary. 
The ac component of Ig (and Ig) will be in phase with 
the applied signal. The ac gain of the circuit shown is: 


4 Vout 
A Vin 


Ax Ri 
16x Rr 


Applying the above to the test circuit of Figure 14 
yields a gain of 0.0966, which is the 0 dB reference level 
for the curves of Figures 3-5. 


FIGURE 16 — AC OPERATION, NONINVERTING 


Digital Input “A” 


ac Signal 
(0 > Vin > -2.3) 


tf the peak values of the applied ac signal cannot be 
kept within the above mentioned voltage range, an al- 
ternate circuit is shown in Figure 17. 


FIGURE 17 — AC OPERATION, NONINVERTING (ALTERNATE) 


Digital Input “A” 
Vref 


ye O-2y ak 


vac Signal (p-p < 2 V} 
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The compensation capacitor (Pin 11) of Figures 16 
and 17 is to be nominally 0.01 «F for best overall sta- 
bility. If frequencies higher than 10 kHz are to be applied 
to the reference input, a smaller value capacitor will be 
necessary as indicated by Figures 3-5. However, greater 
care will be necessary in the breadboarding and PC 
layout to prevent instabilities caused by unintended 
feedback paths. 

2) When applying a signa! to the Vref. (Pin 12) input 
(see Figure 18), the effect is a direct modulation of the 
reference current supplied by Vref. Pin 12 is a virtual 
ground, and therefore the current l-e¢ is equal to: 


_ Vref a Vj 


lref 
: Rref Rj 


Ig and Ig will vary with the reference current, but the 
ac component will be 180° out of phase with the applied 
signal. The ac gain of the circuit shown is: 


A Vout re -AxRy 
AV; 16 x Rj 


Applying the above to the test circuit of Figure 11 
yields a gain of — 0.3188, which is the 0 dB reference 
level for the curves of Figures 6-8. 

The reference current !ref must always flow into Pin 
12, requiring that the values of Vref, Reef, Rj, and V; be 
chosen so as to guarantee this 


FIGURE 18 — AC OPERATION, INVERTING 


Digital Input “A” 


The compensation capacitor (Pin 11) of Figure 18 is 
to be nominally 0.01 uF for best overall stability. If fre- 
quencies higher than 4 kHz are to be applied, a smaller 
value capacitor will be necessary as indicated by Figures 
6-8. However, greater care will be necessary in the 
breadboarding and PC layout to prevent instabilities 
caused by unintended feedback paths. 


DIGITAL INTERFACE 


The digital inputs (Pins 1-8) are compatible with 
MECL 10,000 series devices over the temperature and 
VeE range listed on page 3. Standard MECL 10,000 de- 


sign guidelines apply, and should be implemented, 
Maximum speed response requires careful PC board 
layout and choice of components. See Motorola’s MECL 
System Design Handbook for a complete explanation 
of specifications and characteristics. Figure 19 shows 
atypical ECL interconnection with recommended values 
for optimum speed performance. Other values of Ry 
and VtT may be used, but at a slight increase in overall 
propagation delay. Unused inputs should not be left 
open, but should be connected to a Logic 0 ( 1.8 V), 
ora Logic 1(- 0.9 V). Resistors Rt should be connected 
at the receiving end of the interconnection, i.e. physi- 
cally located adjacent to the MC10318 inputs, for best 
speed performance. 


FIGURE 19 — STANDARD MECL INTERFACE 


Device 


Interfacing a TTL system to the MC10318 is easily 
accomplished by the use of two MC10124 devices (see 
Figure 20). 


FIGURE 20 -— TTL INTERFACE 


TTL Digital Input 


OUTPUT CHARACTERISTICS 


The MC10318 DAC has been designed specifically for 
high speed operation by incorporating ECL structured 
inputs, bit switching circuits which are small in size and 
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simple in operation, and high-current complementary 
outputs (which permits current steering rather than on- 
off switching). In this manner, very short propagation 
delays and settling times are possible. 


Output Glitch 

All DAC’s will produce a glitch at the output when 
various bits are switched in opposite directions, due to 
differences in transition times of the switching transis- 
tors. During the switching period, typically the output 
current will momentarily seek a value other than the 
desired final value, and then return to and settle at the 
final value. This glitch can be several LSBs in magni- 
tude, but of a very short duration (5-6 ns). In some 
instances, the output current may overshoot, and then 
undershoot before reaching the final value, resulting in 
a “glitch doublet.” 

The glitch is most apparent when switching the higher 
order bits, and in the case of the MC10318, the maxi- 
mum glitch generally occurs when switching bit D5 and 
the lower 5 bits (typically 85 LSB-ns). Switching bit D6 
and the lower 6 bits produces a similar but slightly re- 
duced glitch. Switching bit D7 and the seven lower bits 
(major carry transition) results in a glitch of typically 50 
LSB-ns, with an amplitude of 17 LSBs. Switching of 
lower order bits while maintaining the higher ones con- 
stant produces glitches typically of less than 1 LSB in 
magnitude, and less than 10 ns in duration, and are 
generally not considered to be of significance. 


Glitches can be removed from the output by filtering, 
or by using a sample-and-hold circuit on the output, or 
by using de-skewing capacitors on the higher order bits. 


Output glitch is generally specified in terms of glitch 
energy, which is the area under the curve of the wave- 
form. Most glitches appear as a triangle, and so the area 
is simply Ye x t x Al, where t is the duration of the 
glitch, and Al is the amplitude normalized in terms of 
LSBs. In the case of a glitch doublet, having both pos- 
itive and negative amplitude, the areas are summed 
algebraically. It is possible, therefore to have a glitch 
with zero energy, although having amplitudes of several 
LSB’s. 

In applications where the output glitch is of concern, 
steps can be taken to minimize its magnitude. The two 
main factors to consider are: 1) That the 8 bits of data 
reach the MC10318 simultaneously; and 2) that the PC 
board layout prevent noise from reaching the MC10318. 

It is obvious that if the updated 8 bits are not received 
by the DAC simultaneously, even an ideal DAC will not 
produce an ideal waveform. Where simultaneous trans- 
mission by the sending device(s) cannot be guaranteed 
(such as two cascaded counters), latches should be used 
ahead of the MC10318. The latches should then be 
clocked after their inputs have settled. Suggested latches 
are the MC10133/MC10153/MC10168 at the ECL level, 
and the SN74LS273 at the TTL level. 


FIGURE 21 — PRECISION HIGH-SPEED MEASUREMENTS 


Clock 


-2.0V 
(Scope 
Trigger) 


NOTE: Use Buffer 
or FET probe be- 
tween MSB and 
Scope Trigger 


Nonlinearity 


Integral nonlinearity has been specified, rather than 
differential nonlinearity, as this is a better indicator of 
the maximum error to be expected. Integral nonlinearity 
is measured by comparing the actual output (at each 
digital value) with the expected ideal value. The 
expected values lie along a straight line between zero 
and the full scale output current. The MC10318 will not 
differ from the ideal value by more than the specified 
nonlinearity. 


PC Board Layout 


A proper PC board layout is very important in order 
to obtain the full benefits of the MC10318’s high-speed 
characteristics. Each of the current paths (lo, |g, IEE, lref, 
etc.) must be carefully considered to avoid interference, 
and isolation from other circuits on the board (partic- 
ularly digital) is essential. Bypassing of all supplies is, 
of course, necessary, and in some cases, bypassing to 
VEE may be more beneficial than bypassing to Ground. 
Sockets should be avoided as the extra pin-to-pin capac- 
itance can slow down the ECL edges and/or the output 
settling time. PC board layout should include the fol- 
lowing guidelines: 


1) A dedicated ground track from the power supply 
to Pin 16 (Gnd); 

A single dedicated ground track from the power 
supply to the two load resistors associated with 
lo and Ig — this results in a constant dc current 
in this track; 

A separate ground for the circuitry associated 
with Vre¢., Vref_, and Comp (Pins 10-12). Any 
noise on this ground will feed through the ref- 
erence amplifier and show up on the output; 
The compensation capacitor must be physically 
adjacent to Pin 11; 

Bypass Veg (Pin 9) with a 0.1 uF to the ground 
line feeding the load resistors; 

Provide proper terminations at the inputs — the 
suggested values for R7 and V7_ will provide best 
speed response; 


2 


3) 


4 


~— 


5) 


6) 
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7) Bypass V77 to Veg and to Ground with 0.1 pF 
capacitors; 

If the power supplies are not on the same PC 
board with the MC10318, bypass Veg and VTT to 
Ground with (minimum) 10 wF and 0.1 pF where 
the supply voltages enter the PC board; 

Use of a ground plane is mandatory in all high 
speed applications; 

Keep all TTL circuitry tracks separate from the 
MC10318 by means of ground tracks and/or 
ground planes. 


8) 


9) 


10) 


Many of the above points have to do with isolating 
the device from all other circuitry, since most applica- 
tions involve using the MC10318 (which is 50% analog) 
in a (noisy) digital circuit. If the output voltage swing 


is typically 1 volt, then 1 LSB is approximately 4 mV. 
Since TTL circuitry can easily generate 50 mV noise on 
the ground line, the need for isolation is apparent. 


The above points are not the only ones to be consid- 
ered by the designer, as each application will have its 
own individual additional requirements. 


Propagation Delay 

The propagation delay is measured from the 50% 
point of the input transition to the 50% point of the 
output transition. Since the typical propagation delay 
is on the order of 5 ns, see Figure 21 and the information 
in Settling Time if this parameter is to be measured. 
Switching 1 LSB or all of the bits simultaneousty pro- 
duces no significant difference in propagation delay. 


FIGURE 22 — SETTLING TIME MEASUREMENT 


Pulse 
Gen. 1.0k 1.0 k (R2) 
Scope O +25V 
510 7 rigger 10 pF 
DO aanaand 07 see 1.0 k 
V Scope 
° 
10 pF 
75 om 
3.3 k 3.3 k ie 1.3075 V 
ae pF Scope 
—_ O O a ‘aang 
re Nag -5.2V 7 = 
O 
+2.5V 
2.0k 2.0k 4 (R1) 
© 
+2.5V 
MC1403 
620 0 
200 0 LM301A 
NOTES: 


1) Pulse generator outputs ~—0.9 V to — 1.8 V, ty and t¢ = 2 ns. 
Adjust Vref for full scale output at Va = — 1.3000 V. 
Adjust R1 for — 1.3075 V at input of lower comparator. 
Adjust R2 for — 1.2925 V at input of upper comparator. 

R1, R2 are 20 turn trimpots. 


supplies, grounds, signal lines, etc. 


to the comparators. 
Comparators are high-speed devices, such as AM687ADL. 


Account for comparator offset when setting reference values. 


Keep all wiring as short, tidy as possible — isolate all digital and analog 


Heavily bypass all supplies at each device, and reference (—) inputs 
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Settling Time 

The settling time is defined as the time from the 50% 
point of the input transition to the point at which the 
Output enters into and stays within + %2LSB (the error 
band) of the final value. Minimum settling time occurs 
when the output enters the error band at the maximum 
slew rate. and then settles out within the band. In ac- 
tuality, however, the output’s slew rate will lessen prior 
to entering the error band, and then may exit and enter 
the band once or twice as it settles to its final value. The 
settling time is determined by the last time the output 
enters the error band. See Figure 1. 


When testing for settling time, the measurement tech- 
nique used will have an effect on the result. Simply 
connecting scope probes to an input and output is gen- 
erally not satisfactory due to the capacitive loading (typ- 
ically 10-20 pF) of the probes. The rise (fall) time of an 
ECL input can be significantly increased by such a 
probe, with the result that the inputs of the MC10318 
may be skewed from each other, which, in turn, affects 
the output. However, probes with low input capaci- 
tance, on the order of 2 pF or less (such as FET probes), 
can be used with very little degradation of the wave- 
forms. The overal! propagation delay of the probe (from 
tip to scope input) must be taken into account, as this 
can be on the order of 10 ns. 


When attempting to view the output on a scope, sev- 
eral factors need to be considered. If the output swing 
is a full scale transition (e.g., 1.0 V), 1 LSB is 3.9 mV. 
The scope’s amplifier must then be set at a sensitive 
range (5 mV‘cm or 10 mV’cm), with the result that the 
scope’s amplifier will be saturated when the MC10318’s 
output is at the initial value. When the device inputs are 
switched, the output approaches the final value, but the 
scope’s amplifier will require some time to come out 
of saturation, and then may overshoot, causing a false 
indication. In order to overcome this problem, the 
MC10318 was tested for settling time by connecting the 
output to a dual high-speed comparator configured as 
a window detector. The window is 1 LSB wide, centered 
about the final value. The outputs of the comparators 
are then monitored on a scope, as they indicate when 
the MC10318 output is settled within the error band. 
Propagation delays of the comparators, scope probes, 
and cable lengths are taken into account. See Figure 22. 
This method of monitoring the DAC’s output, although 
indirect, does not cause changes to the output wave- 
form because of probe loading, characteristics of the 
scope, or noise which the probe (and cable) may pick 
up. 


APPLICATIONS 


Voltage Output 

There are two methods of converting the current out- 
put of the MC10318 to voltage outputs, depending on 
the voltage swing desired. For a limited range 
(<3.8 V p-p) the circuit of Figure 23 can be used. 


FIGURE 23 — VOLTAGE OUTPUT 


Digital Input “A” 


MC1404AU 10 


Adjust Vo 
3.1k 
=_52V 
[vs | Re Vo Vo 

OV | 25.5] Oto -13V -1.3Vto0V y Vref x A AL 
+25] 49 +25to0V Oto +25V ~ "Rrepx 16" ¥S 
+25] 74.5] +25to -13V |] -13t0 +25V 
+10] 39 | +1.0to -10V | -10to +1.0V 


Where a larger voitage swing is required, an op amp 
is required at the output. The choice of op amp will be 
based on whether accuracy or speed is of primary im- 
portance. Where repeatable and stable accuracy is re- 
quired, the op amp characteristics to consider are open- 
loop gain, offset voltage, bias current, and temperature 
drift. Where speed is paramount, a wideband amplifier 
should be used. Slew rate, propagation delay, and set- 
tling time of the op amp are the primary factors to eval- 
uate. The PC board should be designed for high fre- 
quency operation, possibly using Microstrip or Stripline 
techniques. See Figure 24 for a suggested circuit. 


FIGURE 24 — VOLTAGE OUTPUT 


MC1404AU 10 : 
Digital Input “A” 


MC10318 


Full Scale 
Adjust 
3.1k 
-5.2V 

Rrot_| Ft | Vs | Rt | Ae Vo 
3125 | 20 0 |1.0k/5.0k Oto +5 __Vref A Re-Re Vs Re 
3125 | 20 o |10k/ 10k | Oto +10 On Rref 16-(R1 + AL) (RT + RL) 
3125 40 | +1.02/ 20k] 10k -§to +5 
3125 40 | +1.02] 2.0k| 20k -10 to +10 


Connecting Ig and Ig as shown in the above figures 
places a constant dc load (51 mA) on the Vg supply, 
thus facilitating its design. The Gain Adjust resistor 
should be a 20 turn trimpot, as this will result in one 
turn equaling approximately 1 LSB of adjustment (for 
the recommended values in the figure). All of the re- 
sistors should have similar temperature coefficients for 
best temperature stability. 
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WAVEFORM GENERATION 
FIGURE 25 — SAWTOOTH GENERATOR FIGURE 26 — TRIANGLE GENERATOR 


(Negative Slope) 
(Positive Slope) 


MC10124 


: CB 
a 


zt 

N 
8 2 
S ° > 
= 5 $ 
g 2 
S fea = £& s) 
(eo 5 out "512 -2.0V 2 

t 
our” 266 -2.0V = 


FIGURE 28 — OUTPUT CONNECTED TO 75 {? LINE 


Logic Inputs 


Address | Output [aseross] Output | +Vrefp /D0-—-—--——-— 
T 00 10 | 8 
ae 
a1 on H 8c 
i 03 I; 2 88 | Rref Vo 
eo |) 33 AS 
+ + 
MCM10133 oA, 14 | 80 
32 x 8 PROM 4 oft! 15 BC 
1s ‘| 16 H ce 
te Sts 
0 q [ i; 1s oa | - 
MC 10136 [| z |; 1s | e2 | ref 
csiszco } | crszsic 3.1; «A is 
ji=see [a] 
ry | toa tc 16 a 
ul) LO I 5B i 1D | FA = 
4 ia ea See) NOTE: Terminating Resistors and Zg must be matched to within 0.4% 
jE ea Te to keep initial reflection below 1/2 LSB in magnitude. 
FIGURE 29 — OUTPUT CONNECTED TO 50 {2 LINE FIGURE 30 — DIGITAL MULTIPLICATION 


Logic Inputs 


v 
TSF Digital Input At 


a 


Rri ease eee 


Digital Input A2 


+ Mc10318 


Suggested 

Values Al x A2 x Vref * ALI * Riz 

Vo = - Ari * Raz * 256 = -K x Al x A2 
(With suggested values, 

Vo range is Oto - 1.0 V) 


NOTE: Terminating Resistors and Zg must be matched to 
within 0.4% to keep initial reflection below 1/2 LSB in 
magnitude. 


* 3.0 k Resistor + 100 1 Trimpot 


NOTES: 

1) When generating waveforms at low frequencies, filtering the output 
is recommended to smooth out the steps. 

2) In many applications, bipolar voltage output may be obtained by mon- 
itoring the differential voltage at Pins 14 and 15 (with equal load 
resistors). 

3) When connecting the outputs to transmission lines (See Figures 28 
and 29}, proper transmission line theory and techniques must be used 
for optimum performance. 
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FIGURE 31 — MC10318 EQUIVALENT CIRCUIT 


not « 


2nd MSB 


Detail A — 8 Times 


VEE 
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= SEMICONDUCTOR oy 
TECHNICAL DATA 


HIGH SPEED 
8-BIT ANALOG-TO-DIGITAL CONVERTER 


The MC10319 is an 8-bit high speed parallel flash A/D converter. 
The device employs an internal Gray Code structure to eliminate 
large output errors on fast slewing input signals. It is fully TTL 
compatible, requiring a +5.0 V supply and a wide tolerance neg- 
ative supply of —3.0 to —6.0 V. Three-state TTL outputs allow 
direct drive of a data bus or common I/O memory. 

The MC10319 contains 256 parallel comparators across a pre- 
cision input reference network. The comparator outputs are fed 
to latches and then to an encoder network, to produce an 8-bit 
data byte plus an overrange bit. The data is latched and converted 
to 3-state LS-TTL outputs. The overrange bit is always active to 
allow for either sensing of the overrange condition or ease of 
interconnecting a pair of devices to produce a 9-bit A/D converter. 

Applications include Video Display and Radar processing, high 
speed instrumentation and TV Broadcast encoding. 


@ Internal Gray Code for Speed and Accuracy, Binary Outputs 
® 8-Bit Resolution/9-Bit Typical Accuracy 

® Easily Interconnected for 9-Bit Conversion 

e 


3-State LS-TTL Outputs with True and Complement Enable 
Inputs 


25 MHz Sampling Rate 

Wide Input Range: 1.0-2.0 Vp.) Between +2.0 V 

Low Input Capacitance: 50 pF 

Low Power Dissipation: 618 mW 

No Sample/Hold Required for Video Bandwidth Signals 
Single Clock Cycle Conversion 


BLOCK DIAGRAM 


r 
' 
t 
l 
I 
! 
I 
| 
{ 


! 

1 256 Differential 
Comparators Latch 

1 1 


r-------> 


Enable Enable 


HIGH SPEED 
8-BIT ANALOG-TO-DIGITAL 
FLASH CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751E 
SO-24L 


PIN DIAGRAM 
(L and P only) 


ORDERING INFORMATION 
Temperature Range| Package 


MC10319DW SO-24L 
MC10319L 0° to + 70°C Ceramic 
MC10319P Plastic 
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ABSOLUTE MAXIMUM RATINGS 


MC10319 


[ Parameter Symbol Value _| Unit 

Supply Voltage VeciA),(D) +7.0 Vdc 

VEE -7.0 
Positive Supply Voltage Differential Vec(D)- -0.3 to +0.3 Vde | 
VCCIA) Ie : 

Digital Input Voltage (Pins 18-20) VD) —0.5to +7.0 Vdc 

Analog Input Voltage (Pins 1, 14, 23, 24) VI(A) -2.5to +2.5 

Reference Voltage Span (Pin 24-Pin 23) 23. 

Applied Output Voltage (Pins 4-10, 21 in 3-State) —0.3 to +7.0 

Junction Temperature 

Storage Temperature —65 to +150 


Devices should not be operated at these values. The ‘Recommended Operating Limits’’ provide guidelines for actual 


device operation. 


RECOMMENDED OPERATING LIMITS 


—_— 


_ 
[ Parameter Symbol [ Min Typ [ Max _| Unit 
Power Supply Voltage (Pin 15) VCC(A) +45 + 5.0 +5.5 Vde 
Pins 11, 17 Vv 
L ( ) CC(D) t 4 + | 
VCC(D) = VCCI(A) AVcc | —0.1 0 +0.1 Vdc 
P S Vv i Vv — 6.0 ~5.0 ~3. 
ower Supply Voltage (Pin 13) iii EE ae |, 3.0 { Vdc 
Digital Input Voltages (Pins 18-20) VI(D) 0 —_ +5.0 Vde 
Analog Input (Pin 14) L VI(A) —2.1 mi _ +2.1 Vdc 
Voltage @ Vpt (Pin 24) [ver [| -10 [| — [ +21 | vac 
Voltage @ Vrp (Pin 23) | VRB -2.1 _— +1.0 Vdc 
7 
Vert — VRB AVR +1.0 — +2.1 Vde 
Vrp — VEE 4} — 1.3 = — Vde 
+ | 
Applied Output Voltage (Pins 4-10, 21 in 3-State) Vo 0 — 5.5 Vde 
—T + —— 4 
Clock Pulse Width — High tCKH 5.0 20 = ns 
Low tCKL 15 20 — 
Clock Frequency | folk at 0 sl: — 25 | MHz 
Operating Ambient Temperature TA 0 — +70 °C 
ELECTRICAL CHARACTERISTICS (0° < Ta < 70°C, Vcc = 5.0 V, Vee = -5.2 V, VAT = +1.0 V, Vag = —1.0 V, except 
where noted.) 
_ . 
Parameter Symbol Min | Typ Max Unit 
TRANSFER CHARACTERISTICS (fcK_ = 25 MHz) 
Resolution N — _ 8.0 | Bits 
Monotonicity | MON Guaranteed Bits 
—— =) 
Integral Nonlinearity INL +1/4 +1.0 LSB 


Differential Nonlinearity 


DP 


1.0 


Deg 


Power Supply Rejection Ratio 
(4.5 V < Vcc < 5.5 V, Veg = —5.2 V) 
(—6.0 V < Veg < -3.0V, Vcc = +5.0 V) 


L 


= 


PSRR 


0.1 
0 


Differential Phase (See Figure 16) . ‘ 
| Differential Gain (See Figure 16) | DG | io 1.0 _— % 


LSB/V 
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ELECTRICAL CHARACTERISTICS — continued (0° < Ta < 70°C, Vcc = 5.0 V, Veg = —5.2V, VaT = +1.0V, 
VRB = —1.0 V, except where noted.) 


| Parameter Symbol! Min Typ Max L_unit | 
ANALOG INPUT (PIN 14) 

[ input Current @ Vin = Vpp (See Figure 5) INL 

| Input Current @ Vin = Vrt (See Figure 5) lINH — 60 150 
Input Capacitance (VpT — VRB = 2.0 V, See Figure 4) Cin ee a |___ 36 _— 
Input Capacitance (V—T — Vrp = 1.0 V, See Figure 4) Cin _ 55 _ 
Bipolar Offset Error Vos — 0.1 ff _— 
REFERENCE 
Ladder Resistance (VpT to Vag, Ta = 25°C) Rref 
Temperature Coefficient Tc 
Ladder Capacitance (Pin 1 open) Cref 


ENABLE INPUTS (Vcc = 5.5 V) (See Figure 6) 


Input Voltage — High (Pins 19-20) 2.0 = | = Vv 
Input Voltage — Low (Pins 19-20) VILE _— ~ 0.8 Vv 
Input Current @ 2.7 V tHE | _— 0 20 I BA 
Input Current @ 0.4 V @ EN (0 < EN < 5.0 V) Niu |__~400 — 100 _— pA 
Input Current G@ 0.4 V @ EN (EN = 0V) 

Input Current @ 0.4 V @ EN (EN = 2.0 V) 

Input Clamp Voltage (IK = —18 mA) 


CLOCK INPUT (Vee = 5.5 V) 


Input Voltage Low ViLC 


input Current @ 0.4 V (See Figure 7) YiLe | -400 | 


Input Current @ 2.7 V (See Figure 7) 


Input Clamp Voltage (ljK = —18 mA) 


DIGITAL OUTPUTS 

High Output Voltage (lIo47 = —400 vA, Vcc = 4.5 V, See Figure 8) 
Low Output Voltage (lo_ = 4.0 mA, See Figure 9) 
Output Short Circuit Current* (Vcc = 5.5 V) 


Output Leakage Current (0.4 < Vo < 2.4 V, See Figure 3, 
Vcc = 5.5 V, DO-D7 in 3-State Mode) 


} 
Output Capacitance (DO-D7 in 3-State Mode) 
*Only one output is to be shorted at a time, not to exceed 1 second. 


POWER SUPPLIES 


Vccia) Current (4.5 V < Vcc(a) < 5.5 V) (Outputs unloaded) ICC(A) | 10 
Vecip) Current (4.5 V < Vecip) < 5.5 V) (Outputs unloaded) \CC(D) | 50 
Vee Current (—6.0 V < Veg < —3.0 V) lEE -14 


Power Dissipation (Vat — VRB = 2.0 V) (Outputs unloaded) — 
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TIMING CHARACTERISTICS (Ta = 25°C, Vcc = +5.0V, Veg = —5.2V, Vat = +1.0V. Vag = —1.0V, 


See System Timing Diagram.) 


Parameter Le Symbol Min Typ Max Unit 
INPUTS 
Min Clock Pulse Width — High “| tek = 5.0 = ns 
Min Clock Pulse Width — Low tCKL — 15 — ns 
eeeae ares Onkers sae tes 4 
Max Clock Rise, Fall Time tRF | oe 100 | _ ns 
Clock Frequency | fCLK 0 30 25 MHz 
OUTPUTS 
New Data Valid from Clock Low t —_ 19 —_ ns 
CKDV | 5 4 
Aperture Delay taD ~~ 4.0 —_ ns 
Hold Time tH — 6.0 _ ns 
| Data High to 3-State from Enable Low* | tEHZ — 27 — [ns 
Data Low to 3-State from Enable Low* tELZ — 18 _ ns 
a ——aT- + el 
: z =o inne _ 
Data High to 3-State from Enable High tEHZ | 32 {ns 
Data Low to 3-State from Enable High* tELZ _ 18 — ns 
Valid Data from Enable High (Pin 20 = 0 V)* tEpv = 15 — ns 
Enahlo ami, 
[valid Data from Enable Low (Pin 19 = 5.0 V)* tEpv _ 16 _— ns 
Output Transition Time* (10%-90%) ttr _ 8.0 — ns 


*See Figure 2 for output loading. 


PIN DESCRIPTIONS 


15 OLO6 
eee is 


Reference to analog ground. 


Pin 
Symbol | L,P Suffix | DW Suffix | Description 
VRM 1 1 The midpoint of the reference resistor ladder. Bypassing can 
be done at this point to improve performance at high 
frequencies. 
GND 2,12 2, 13,17 | Digital ground. The pins should be connected directly together, 
16, 22 18, 25, 26 | and through a low impedance path to the power supply. 
OVR 3 3 Overrange output. Indicates Vin is more positive than VRT 1/2 
LSB. This output does not have 3-state capability. 4 
eae Hee 
D7-D@ 4-10,21 | 4-10, 24 | Digital Outputs. D7 (Pin 4) is the MSB. D@ (Pin 21 or 24) is the 
| | LSB. LSTTL compatible with 3-state capability. 
Veci(D) 11,17 11,12 Power supply for the digital section. +5.0 V, +10% required. 
19, 20 Reference to digital ground. | 
VEE 13 14 Negative Power supply. Nominally —5.2 V, it can range from 
~3.0to —6.0 V, and must be more negative than Vpp by >1.3 V. 
Reference to analog gnd. 
Vin 14 15 Signal voltage input. This voltage is compared to the reference 


to generate a digital equivalent. Input impedance is nominally 
16-33K in parallel with 36 pF. 


Power supply for the analog section. +5.0 V, + 10% required. 


— 


4 


18 21 Clock input. TTL compatible. 
Vk iy Sine —— — 

EN 19 22 Enable input. TTL compatible, a logic 1 (and EN at a logic 0) 
enables the data outputs. A logic 0 puts the outputs in a 3-state 
mode. 

= —— ——— =| 

EN 20 | 23 Enable input. TTL compatible, a logic 0 (and EN at a logic 1) 
enables the data outputs. A logic 1 puts the outputs in a 3-state 
mode. 

VRB 23 27 The bottom (most negative point) of the internal reference 
resistor ladder. 

VRT The top (most positive point) of the internal reference resistor 


ladder. 


MOTOROLA LINEAR/INTERFACE DEVICES 


6-42 


MC10319 


FIGURE 1 — SYSTEM TIMING DIAGRAM 


Sample 1 Sample 2 


ty be 
07-00, on TY ois 8 YY y}WAWW02..:«W WS. Es? 


tCKDV and ty measured at output levels of 0.8 and 2.4 volts. 


High Data 
Output 
Low Data 
Output 
Outputs 
Active 
FIGURE 2 — DATA OUTPUT TEST CIRCUIT FIGURE 3 — OUTPUT 3-STATE LEAKAGE CURRENT 
Vcc 
1.0 ka = 
= 
DO-D7 a 
e 
> 
Oo 
ws 
C1 3.0 kN < 
= 
4 
Diodes = 1N914 or equivalent, C1 ~ 15 pF —10 0 1.0 20 3.0 40 5.0 60. 7.0 


APPLIED VOLTAGE (VOLTS) 
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FIGURE 4 — INPUT CAPACITANCE @ Vin (PIN 14) 


C, CAPACITANCE (pF) 


Vin, INPUT VOLTAGE (VOLTS) 


FIGURE 6 — INPUT CURRENT @ ENABLE, ENABLE 


Pin 19 (Pin 20 = 0 V) 
Pin 20 (0 < Pin 19 < 5.0 V) 


in 19 Current 
0 V<Pin 20<5. 


liny INPUT CURRENT (2A) 


VoH, OUTPUT VOLTAGE (VOLTS) 


Igy. OUTPUT CURRENT (2A) 


lin, INPUT CURRENT (A) 


lin. INPUT CURRENT (2A) 


FIGURE 5 — INPUT CURRENT @ Vix (PIN 14) 


2 


Vin. INPUT VOLTAGE (VOLTS) 


FIGURE 7 — CLOCK INPUT CURRENT 


0 1.0 2.0 3.0 40 5.0 6.0 
Vin. INPUT VOLTAGE (VOLTS) 


FIGURE 9 — OUTPUT VOLTAGE versus OUTPUT CURRENT 


VoL, OUTPUT VOLTAGE (VOLTS) 


0.5 


md 
— 


So 
w& 


ad 
tS 


So 
= 


0 2.0 4.0 6.0 8.0 
lo_, OUTPUT CURRENT (mA) 


MOTOROLA LINEAR/INTERFACE DEVICES 


6-44 


MC10319 


FIGURE 10 — SUPPLY CURRENT versus TEMPERATURE FIGURE 11 — SUPPLY CURRENT versus TEMPERATURE 
Pay 12 
£ 
+ 110 =< 
2 Ein 
+ 2 
= z 
D 108 ke 
a m 
= ww _ 19 
ie & 
= 106 Go 
>; are 
a. 
5 104 pet 
n uw 
8 
102 ~8 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C} 
FIGURE 12 — DIFFERENTIAL LINEARITY ERROR FIGURE 13 — INTEGRAL LINEARITY ERROR 
T 5 a i 
12 12 
LSBy | T tT LSB = 4 


Vet = 2.0 V, Vag = 
Fs = 25 Mhz 


128 160 192 224 


T 


VaT = 2.0 V, Vap = 0V Vet = 2.0V, Vag = 0V 
Fe = 12.5 MHz F, = 12.5 MHz 


128 160 192 224 
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DESIGN GUIDELINES 


INTRODUCTION 


The MC10319 is a high-speed, 8-bit, parallel (““Flash’’) 
type analog-to-digital converter containing 256 com- 
parators at the front end. See Figure 17 for a block dia- 
gram. The comparators are arranged such that one in- 
put of each is referenced to evenly spaced voltages, 
derived from the reference resistor ladder. The other 
input of the comparators is connected to the input signal 
(Vin). Some of the comparator’s differential outputs will 
be “true,” while other comparators will have “not true” 
outputs, depending on their relative position. Their out- 
puts are then latched, and converted to an 8-bit Grey 
code by the Differential Latch Array. The Grey code en- 
sures any input errors due to cross talk, feed-thru, or 
timing disparaties, result in glitches at the output of only 
a few LSBs, rather than the more traditional 1/2 scale 
and 1/4 scale glitches. 

The Grey code is then translated to an 8-bit: binary 
code, and the differential levels are translated to TTL 
levels before being applied to the output latches. EN- 
ABLE inputs at this final stage permit the TTL outputs 
(except Overrange) to be put into a high impedance 
(3-state) condition. 


ANALOG SECTION 


SIGNAL INPUT 


The signal voltage to be digitized (Vin) is applied 
simultaneously to one input of each of the 256 com- 
parators through Pin 14. The other inputs of the com- 
parators are connected to 256 evenly spaced voltages 
derived from the reference ladder. The output code de- 
pends on the relative position of the input signal and 
the reference voltages. The comparators have a 
bandwidth of >50 MHz, which is more than sufficient 
for the allowable (Nyquist theory) input frequency of 
12.5 MHz. 

The current into Pin 14 varies linearly from 0 (when 
Vin = VRB) to ~60 nA (when Vin = VR). If Vin is taken 
below Vpp or above Vpz, the input current will remain 
at the value corresponding to Vrp and Vp»)zq respectively 
(see Figure 5). However, Vj, must be maintained within 
the absolute range of +2.5 volts (with respect to 
ground) — otherwise excessive currents will result at 
Pin 14, due to internal clamps. 

The input capacitance at Pin 14 is typically 36 pF if 
[VRt — VRB] is 2.0 volts, and increases to 55 pF if [VRT 
— VRp] is reduced to 1.0 volt (see Figure 4). The ca- 
pacitance is constant as Vj, varies from Vat down to 
~0.1 volt above V_p. Taking Vin to VRB will show an 
increase in the capacitance of ~50%. If Vin is taken 
above VpT, or below Vprpg, the capacitance will stay at 
the values corresponding to VpT and Vrpp, respectively. 

The source impedance of the signal voltage should 
be maintained below 100 © (at the frequencies of in- 
terest) in order to avoid sampling errors. 


REFERENCE 


The reference resistor ladder is composed of a string 
of equal value resistors so as to provide 256 equally 
spaced voltages for the comparators (see Figure 17 for 
the actual configuration). The voltage difference be- 
tween adjacent comparators corresponds to 1 LSB of 
the input range. The first comparator (closest to Vag) 
is referenced 1/2 LSB above Vpp, and the 256th com- 
parator (for the overrange) is referenced 1/2 LSB below 
VrT. The total resistance of the ladder is nominally 130 
0, + 20%, requiring 15.4 mA @ 2.0 volts, and 7.7 MA @ 
1.0 volt. There is anominal warm-up change of ~ + 9.0% 
in the ladder resistance due to the +0.29%/°C temper- 
ature coefficient. 

The minimum recommended span [V_T — Vppl is 
1.0 volt. A lower span will allow offsets and nonlinear- 
ities to become significant. The maximum recom- 
mended span is 2.1 volts due to power limitations of 
the resistor ladder. The span may be anywhere within 
the range of —2.1 to + 2.1 volts with respect to ground, 
and Vpyg must be at least 1.3 volts more positive than 
VEE. The reference voltages must be stable and free of 
noise and spikes, since the accuracy of a conversion is 
directly related to the quality of the reference. 

In most applications, the reference voltages will re- 
main fixed. In applications involving a varying reference 
for modulation or signal scrambling, the modulating 
signal may be applied to VptT, or Vrp, or both. The out- 
put will vary inversly with the reference signal, intro- 
ducing a nonlinearity into the transfer function. The ad- 
dition of the modulating signal and the dc level applied 
to the reference must be such that the absolute voltage 
at VRT and Vpp are maintained within the values listed 
in the Recommended Operating Limits. The RMS value 
of the span must be maintained <2.1 volts. 

VRM (Pin 1) is the midpoint of the resistor ladder, 
excluding the Overrange comparator. The voltage at 
VRM Is: 

1/2 LSB 


In most applications, bypassing this pin to ground (0.1 
BF) is sufficient to maintain accuracy. In applications 
involving very high frequencies, and where linearity is 
critical, it may be necessary to trim the voltage at the 
midpoint. A means for accomplishing this is indicated 
in Figure 18. 


POWER SUPPLIES 


Vcc{A) is the positive power supply for the compar- 
ators, and Vcc(p) is the positive power supply for the 
digital portion. Both are to be +5.0 volts, + 10%, and 
the two are to be within 100 millivolts of each other. 
There is indirect internal coupling between Vccip) and 
Vcc(A): If they are powered separately, and one supply 
fails, there will be current flow through the MC10319 to 
the failed supply. 
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Iec(a) is nominally 17 mA, and does not vary with 
clock frequency or with Vin. It does vary linearly with 
VCC{A)- Icc(D) is nominally 90 mA, and is independent 
of clock frequency. It does vary, however, by 6-7 mA 
as Vin is changed, with the lowest current occuring 
when Vin = VRt. It varies linearly with Vcc(p). 

VEE is the negative power supply for the comparators, 
and is to be within the range —3.0 to —6.0 volts. Ad- 
ditionally, Veg must be at least 1.3 volts more negative 
than Vpg. leg is anominal — 10 mA, and is independent 
of clock frequency, Vin, and VEE. 

For proper operation, the supplies must be bypassed 
at the IC. A 10 uF tantalum, in parallel with a 0.1 pF 
ceramic is recommended for each supply to ground. 


DIGITAL SECTION 


CLOCK 


The Clock input is TTL compatible with a typical fre- 
quency range of 0 to 30 MHz. There is no duty cycle 
limitations, but the minimum low and high times must 
be adhered to. See Figure 7 for the input current 
requirements. 

The conversion sequence is shown in Figure 19, and 
is as follows: 

@ On the rising edge, the data output latches are latched 
with old data, and the comparator output latches are 
released to follow the input signal (Vjp). 


e@ During the high time, the comparators track the input 
signal. The data output latches retain the old data. 


e On the falling edge, the comparator outputs are 
latched with the data immediately prior to this edge. 
The conversion to digital occurs within the device, 
and the data output latches are released to indicate 
the new data within 20 ns. 


@ During the clock low time, the comparator outputs 
remain latched, and the data output latches remain 
transparent. 


A summary of the sequence is that data present at 
Vin just prior to the Clock falling edge is digitized and 
available at the data outputs immediately after that 
same falling edge. 


' The comparator output latches provide the circuit 
with an effective sample-and-hold function, eliminating 
the need for an external sample-and-hold. 


ENABLE INPUTS 


The two Enable inputs are TTL compatible, and are 
used to change the data outputs (D7—D0) from active to 
3-state. This capability allows cascading two MC10319s 
into a 9-bit configuration, flip-flopping two MC10319s 
into a 50 MHz configuration, connecting the outputs 
directly to a data bus, multiplexing multiple converters, 
etc. See the Applications Information section for more 
details. For the outputs to be active, Pin 19 must be a 
Logic ‘1,’ and Pin 20 must be a Logic “0.” Changing 
either input will put the outputs into the high impedance 
mode. The Enable inputs affect only the state of the 
outputs — they do not inhibit a conversion. The input 
current into Pins 19 and 20 is shown in Figure 6, and 
the input — output timing is shown in Figure 1 and 20. 
Leaving either pin open is equivalent to a Logic “1,” 
although good design practice dictates that an input 
should never be left open. 

The Overrange output (Pin 3) is not affected by the 
Enable inputs as it does not have 3-state capability. 


OUTPUTS 


The data outputs are TTL level outputs with high 
impedance capabilility. Pin 4 is the MSB (D7), and Pin 
21 is the LSB (DO). The eight outputs are active as long 
as the Enable inputs are true (Pin 19 = high, Pin 20 = 
low). The timing of the outputs relative to the Clock 
input and the Enable inputs is shown in Figures 1 and 
20. Figures 8 and 9 indicate the output voltage versus 
load current, while Figure 3 indicates the leakage cur- 
rent when in the high impedance mode. 

The output code is natural binary, depicted in the table 
below. 

The Overrange output (Pin 3) goes high when the in- 
put, Vin, is more positive than Vay — 1/2 LSB. This 
output is always active — it does not have high imped- 
ance capability. Besides being used to indicate an input 
overrange, it is additionally used for cascading two 
MC10319s to form a 9-bit A/D converter (see Figure 27). 


[ Vet. VRB (volts) Output | 

Input 2.048 V,0 V +1.0V, -1.0V +1.0V,0V Code Overrange | 
>Vr_tT — 1/2 LSB >2.044 V >0.9961 V >0.9980 V FFy 1 

Vet -— 1/2 LSB 2.044 V 0.9961 V 0.9980 V FFH 0-1 

VaT - 1 LSB 2.040 V 0.992 V 0.9961 V FFH 0 
VrT — 1-1/2 LSB 2.036 V 0.988 V 0.9941 V FEW < FFY 0 
Midpoint 1.024 V 0.000 V 0.5000 V 80H 0 
Vrp + 1/2 LSB 4.0 mV — 0.9961 V 1.95 mV 00H < 01 0 
|_<VRB L <OV <-1.0V <0 V ail 00H 0 
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APPLICATIONS INFORMATION 


POWER SUPPLIES, GROUNDING 


The PC board layout, and the quality of the power 
supplies and the ground system at the IC are very im- 
portant in order to obtain proper operation. Noise, from 
any source, coming into the device on Vcc, VEE, or 
ground can cause an incorrect output code due to in- 
teraction with the analog portion of the circuit. At the 
same time, noise generated within the MC10319 can 
cause incorrect operation if that noise does not have a 
clear path to ac ground. 

Both the Vcc and Vege power supplies must be 
decoupled to ground at the IC (within 1” max) with a 10 
uF tantalum and a 0.1 «F ceramic. Tantalum capacitors 
are recommended since electrolytic capacitors simply 
have too much inductance at the frequencies of interest. 
The quality of the Vcc and Veg supplies should then 
be checked at the IC with a high frequency scope. Noise 
spikes (always present when digital circuits are present) 
can easily exceed 400 mV peak, and if they get into the 
analog portion of the IC, the operation can be disrupted. 
Noise can be reduced by inserting resistors and/or in- 
ductors between the supplies and the IC. 

if switching power supplies are used, there will usu- 
ally be spikes of 0.5 volts or greater at frequencies of 
50-200 kHz. These spikes are generally more difficult to 
reduce because of their greater energy content. In ex- 
treme cases, 3-terminal regulators (MC78LO5ACP, 
MC7905.2CT), with appropriate high frequency filtering, 
should be used and dedicated to the MC10319. 

The ripple content of the supplies should not allow 
their magnitude to exceed the values in the Recom- 
mended Operating Limits. 

The PC board tracks supplying Vcc and Veg to the 
MC10319 should preferably not be at the tail end of the 
bus distribution, after passing through a maze of digital 
circuitry. The MC10319 should be close to the power 
supply, or the connector where the supply voltages en- 
ter the board. If the Vcc and Veg lines are supplying 
considerable current to other parts of the boards, then 
it is preferable to have dedicated lines from the supply 
or connector directly to the MC10319. 

The four ground pins (2, 12, 16, 22) must be connected 
directly together. Any long path beween them can cause 
stability problems due to the inductance (@25 MHz) of 
the PC tracks. The ground return for the signal source 
must be noise free. 


REFERENCE VOLTAGE CIRCUITS 


Since the accuracy of the conversion is directly related 
to the quality of the references, it is imperative that ac- 
curate and stable voltages be provided to V_T and Vprp. 
If the reference span is 2 volts, then 1/2 LSB is only 3.9 
millivolts, and it is desireable that VaT and Vpp be ac- 
curate to within this amount, and furthermore, that they 


do not drift more than this amount once set. Over the 
temperature range of 0 to 70°C, a maximum tempera- 
ture coefficient of 28 ppm/°C is required. 

The voltage supplies used for digital circuits should 
preferably not be used as a source for generating VRT 
and Vrp, due to the noise spikes (50-400 mV) present 
on the supplies and on their ground lines. Generally 
+15 volts, or + 12 volts, are available for analog circuits, 
and are usually clean compared to supplies used for 
digital circuits, although ripple may be present in vary- 
ing amounts. Ripple is easier to filter out than spikes, 
however, and so these supplies are preferred. 

Figure 21 depicts a circuit which can provide an 
extremely stable voltage to VpT at the current required 
(the maximum reference current is 19.2 mA @ 2.0 volts). 
The MC1403 series of reference sources has very low 
temperature coefficients, good noise rejection, and a 
high initial accuracy, allowing the circuit to be built with- 
Out an adjustment pot if the VpT voltage is to remain 
fixed at one value. Using 0.1% wirewound resistors for 
the divider provides sufficient accuracy and stability in 
many cases. Alternately, resistor networks provide high 
ratio accuracies, and close temperature tracking. If the 
application requires VpT to be changed periodically, the 
two resistors can be replaced with a 20 turn, cermet 
potentiometer. Wirewound potentiometers should not 
be used for this type of application since the pot’s slider 
jumps from winding to winding, and an exact setting 
can be difficult to obtain. Cermet pots allow for a 
smooth continuous adjustment. 

In Figure 21, R1 reduces the power dissipation in the 
transistor, and can be carbon composition. The 0.1 uF 
Capacitor in the feedback path provides stability in the 
unity gain configuration. Recommended op amps are: 
LM358, MC34001 series, LM308A, LM324, and LM11C. 
Offset drift is the key parameter to consider in choosing 
an op amp, and the LM308A has the lowest drift of those 
mentioned. Bypass capacitors are not shown in Figure 
21, but should always be provided at the input to the 
2.5 volt reference, and at the power supply pins of the 
op amp. 

Figure 22 shows a simpler and more economical cir- 
cuit, using the LM317LZ regulator, but with lower initial 
accuracy and temperature stability. The op amp/current 
booster is not needed since the LM317LZ can supply the 
current directly. In a well controlled environment, this 
circuit will suffice for many applications. Because of the 
lower initial accuracy, an adjustment pot is a necessity. 

Figure 23 shows two circuits for providing the voltage 
to Vpp. The circuits are similar to those of Figures 21 
and 22, and have similar accuracy and stability. The 
output transistor is a PNP in this case since the circuit 
must sink the reference current. 
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VIDEO APPLICATIONS 


The MC10319 is suitable for digitizing video signals 
directly without signal conditioning, although the stan- 
dard 1 volt p-p video signal can be amplified to a 2.0 
volt p-p signal for slightly better accuracy. Figure 24 
shows the input (top trace) and reconstructed output of 
a standard NTSC test signal, sampled at 25 MSPS, con- 
sisting of a sync pulse, 3.58 MHz color burst, a 3.58 MHz 
signal in a Sin2x envelope, a pulse, a white level signal, 
and a black level signal. Figure 25 shows a Sin2x pulse 
that has been digitized and reconstructed at 25 MSPS. 
The width of the pulse is ~450 ns at the base. Figure 26 
shows an application circuit for digitizing video. 


9-BIT A/D CONVERTER 


Figure 27 shows how two MC10319s can be con- 
nected to form a 9-bit converter. In this configuration, 
the outputs (D7—D0) of the two 8-bit converters are par- 
alleled. The outputs of one device are active, while the 
outputs of other are in the 3-state mode. The selection 
is made by the Overrange output of the lower MC10319, 
which controls Enable inputs on the two devices. Addi- 
tionally, this output provides the 9th bit. 

The reference ladders are connected in series, pro- 
viding the 512 steps required for 9 bits. The input volt- 
age range is determined by VpT of the upper MC10319, 
and Vpp of the lower device. A minimum of 1.0 volt is 
required across each converter. The 500 2 pot (20 turn 
cermet) allows for adjustment of the midpoint since the 
reference resistors of the two MC10319s may not be 
identical in value. Without the adjustment, a non-equal! 
voltage division would occur, resulting in a nonlinear 


conversion. lf the references are to be symmetrical 
about ground (e.g., + 1.0 volt), the adjustment can be 
eliminated, and the midpoint connected to ground. 

The use of latches on the outputs is optional, de- 
pending on the application. 


50 MHz, 8-BIT A/D CONVERTER 


Figure 28 shows how two MC10319s can be con- 
nected together in a flip-flop arrangement in order to 
have an effective conversion speed of 50 MHz. The 
74F74 D-type flip-flop provides a 25 MHz clock to each 
converter, and at the same time, controls the ENABLES 
so as to alternately enable and disable the outputs. The 
Overranges do not have 3-state capability, and so can- 
not be paralleled. Instead they are OR’d together. The 
use of latches is optional, and depends on the appli- 
cation. Data should be latched, or written to RAM (in 
a DMA operation), on the high-to-low transition of the 
50 MHz clock. 


NEGATIVE VOLTAGE REGULATOR 


In the cases where a negative power supply is not 
available — neither the — 3.0 to —6.0 volts, nor a higher 
negative voltage from which to derive it — the circuit 
of Figure 29 can be used to generate —5.0 volts from 
the +5.0 volts supply. The PC board space required is 
small (~2.0 in2), and it can be located physically close 
to the MC10319. The MC34063 is a switching regulator, 
and in Figure 29 is configured in an inverting mode of 
operation. The regulator operating specifications are 
also given. 


FIGURE 16 — DIFFERENTIAL PHASE AND GAIN TEST 
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t Video Input Signal 
— Input waveform: 571.4 MVp.p sine wave ( 3.579545 MHz, dc 


levels as shown above. 


— MC10319 clock at 14.31818 MHz (4x) asynchronous to input. 
— Differential gain: p-p output @ each IRE level compared to 


that at 0 IRE. 
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FIGURE 17 — MC10319 
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FIGURE 18 — ADJUSTING Vay FOR IMPROVED LINEARITY 
+5.0V0 
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FIGURE 20 — ENABLE TO OUTPUT CRITICAL TIMING 
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FIGURE 21 — PRECISION Vat VOLTAGE SOURCE 


R1 = 1002 for +5.0 V 
620 0 for +15 V 


0+5.0to +40 V 


2.5V 
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(See Table) 
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FIGURE 22 — Vat, VOLTAGE SOURCE 
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FIGURE 23 — Vpg VOLTAGE SOURCES 
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FIGURE 24 — COMPOSITE VIDEO WAVEFORM 
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FIGURE 26 — APPLICATION CIRCUIT FOR DIGITIZING VIDEO 
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FIGURE 27 — 9-BIT A/D CONVERTER 
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FIGURE 28 — 50 MHz 8-BIT A/D CONVERTER 
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FIGURE 29 — —5.0 VOLT REGULATOR 


Line Regulation |4.5V < Vjn < 5.5 V, 0.16% 
lout = 10 mA 


Vin 
(+ 4.5 to +5.5 V) 


Vout 


MOTOROLA LINEAR/INTERFACE DEVICES 


6-55 


MC10319 


GLOSSARY 


APERTURE DELAY — The time difference between the 
sampling signal (typically a clock edge) and the actual 
analog signal converted. The actual signal converted 
may occur before or after the sampling signal, depend- 
ing on the internal configuration of the converter. 


BIPOLAR INPUT — A mode of operation whereby the 
analog input (of an A-D), or output (of a DAC), includes 
both negative and positive values. Examples are — 1.0 
to +1.0 V, -5.0 to +5.0 V, —2.0 to +8.0 V, etc. 


BIPOLAR OFFSET ERROR — The difference between the 
actual and ideal locations of the 00}, to 01} transition, 
where the ideal location is 1/2 LSB above the most neg- 
ative reference voltage. 


BIPOLAR ZERO ERROR — The error (usually expressed 
in LSBs) of the input voltage location (of an A-D) of the 
80} to 81} transition. The ideal location is 1/2 LSB above 
zero volts in the case of an A-D setup for a symmetrical 
bipolar input (e.g., —1.0 to +1.0 V). 


DIFFERENTIAL NONLINEARITY — The maximum de- 
viation in the actual step size (one transition level to 
another) from the ideal step size. The ideal step size is 
defined as the Full Scale Range divided by 29 (n = num- 
ber of bits). This error must be within + 1 LSB for proper 
operation. 


ECL — Emitter coupled logic. 


FULL SCALE RANGE (ACTUAL) — The difference be- 
tween the actual minimum and maximum end points 
of the analog input (of an A-D). 


FULL SCALE RANGE (IDEAL) — The difference between 
the actual minimum and maximum end points of the 
analog input (of an A-D), plus one LSB. 


GAIN ERROR — The difference between the actual and 
expected gain (end point to end point), with respect to 
the reference, of a data converter. The gain error is usu- 
ally expressed in LSBs. 


GREY CODE — Also known as reflected binary code, it 
is a digital code such that each code differs from adja- 
cent codes by only one bit. Since more than one bit is 
never changed at each transition, race condition errors 
are eliminated. 


INTEGRAL NONLINEARITY — The maximum error of 
an A-D, or DAC, transfer function from the ideal straight 
line connecting the analog end points. This parameter 
. is sensitive to dynamics, and test conditions must be 
specified in order to be meaningfull. This parameter is 
the best overall indicator of the device’s performance. 


LSB — Least Significant Bit. It is the lowest order bit of 
a binary code. 


LINE REGULATION — The ability of a voltage regulator 
to maintain a certain output voltage as the input to the 
regulator is varied. The error is typically expressed as 
a percent of the nominal output voltage. 


LOAD REGULATION — The ability of a voltage regulator 
to maintain a certain output voltage as the load current 
is varied. The error is typically expressed as a percent 
of the nominal output voltage. 


MONOTONICITY — The characteristic of the transfer 
function whereby increasing the input code (of a DAC), 
or the input signal (of an A-D), results in the output never 
decreasing. 


MSB — Most Significant Bit. It is the highest order bit 
of a binary code. 


NATURAL BINARY CODE — A binary code defined by: 
N = An20 +... + Ag23 + Ag22 + A421 + Ag29 


where each “A” coefficient has a value of 1 or 0. Typ- 
ically, all zeroes correspond to a zero input voltage of 
an A-D, and all ones correspond to the most positive 
input voltage. 


NYQUIST THEORY — See Sampling Theorem. 


OFFSET BINARY CODE — Applicable only to bipolar in- 
put (or output) data converters, it is the same as Natural 
Binary, except that all zeroes correspond to the most 
negative input voltage {of an A-D), while all ones cor- 
respond to the most positive input. 


POWER SUPPLY SENSITIVITY — The change in a data 
converter’s performance with changes in the power 
supply voltage(s). This parameter is usually expressed 
in percent of full scale versus AV. 


QUANTITIZATION ERROR — Also known as digitization 
error or uncertainty. It is the inherent error involved in 
digitizing an analog signal due to the finite number of 
steps at the digital output versus the infinite number of 
values at the analog input. This error is a minimum of 
+ 1/2 LSB. 


RESOLUTION — The smallest change which can be dis- 
cerned by an A-D converter, or produced by a DAC. It 
is usually expressed as the number of bits, n, where the 
converter has 2" possible states. 


SAMPLING THEOREM — Also known as the Nyquist 
Theorem. It states that the sampling frequency of an 
A-D must be no less than 2x the highest frequency (of 
interest) of the analog signal to be digitized in order to 
preserve the information of that analog signal. 


UNIPOLAR INPUT — A mode of operation whereby the 
analog input range (of an A-D), or output range (of a 
DAC), includes values of a signal polarity. Examples are 
Oto +2.0V,0to —5.0V, +2.0to +8.0 V, etc. 


UNIPOLAR OFFSET ERROR — The difference between 
the actual and ideal locations of the 00} to 01}; tran- 
sition, where the ideal location is 1/2 LSB above the 
most negative input voltage. 


i 
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HIGH SPEED 7-BIT ANALOG-TO-DIGITAL 
FLASH CONVERTER 


The MC10321 is a 7-bit high speed parallel flash A/D converter, 
which employs an internal Grey Code structure to eliminate large 
Output errors on fast slewing input signals. It is fully TTL com- 
patible, requiring a +5.0 voit supply, and a negative supply 
between —3.0 and —6.0 volts. Three-state TTL outputs allow 
direct connection to a data bus or common 1/0 memory. 

The MC10321 contains 128 parallel comparators wired along a 
precision input reference network. The comparator outputs are 
fed to latches, and then to an encoder network which produces 
a 7-bit data byte, plus an overrange bit. The data is latched and 
converted to three-state LSTTL levels. Enable inputs permit set- 
ting the outputs to a three-state condition. The overrange bit is 
always active to allow for sensing of the overrange condition, and 
to ease the interconnection of two MC10321s into an 8-bit 
configuration. 

The MC10321 is available in a 20-pin standard plastic and SOIC 
packages. 

Applications include Video displays (digital TV, picture-in- 
picture, special effects), radar processing, high speed instru- 
mentation, and TV broadcast. 


@ Internal Grey Code for Speed and Accuracy 
25 MHz Sampling Rate 

7-Bit Resolution with 8-Bit Accuracy 

Easily Cascadable into an 8-Bit System 


Three-State LSTTL Outputs with True and Complement 
Enable Inputs 


Low Input Capacitance: 25 pF 

No Clock Kick-Out Currents on Input or Reference 

Wide Input Range: 1.0-2.1 Volts within a +2.1 Volt Range 
No Sample and Hold Required for Video Applications 


Edge Triggered Conversion — No Pipeline Delay 

True and Complement Enable inputs for Three-State Control 
Standard DIP and Surface Mount Packages Available 
Operating Temperature Range: — 40° to + 85°C 


HIGH SPEED 
7-BIT ANALOG-TO-DIGITAL 
FLASH CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 738 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751D 
(SO-20) 


PIN CONNECTIONS 


(Top View) 


ORDERING INFORMATION 


Temperature 
Device Range Package 


MC10321P doienee Plastic DIP 
—40° to +85° 
MC10321DW [S020 | 
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BLOCK DIAGRAM 


Veci(A)O OVeEE Vecip) Y Y Gnd 


(Analog In) Vino 
MC10321 


Latches 
and 
ECL-TTL 
Converters 


(3-State 


Differentiat 

Latch Array 
Grey Code 
Translator 


Enable O O ENABLE 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 


Value 


+7.0 
-7.0 


~0.3, +0.3 Vde 
-05,+7.0 | Vde 


—2.5, +2.5 


Vec(ay Vec(D) Vde 


VEE 
Vecib)-Vec(a) 


Positive Supply Voltage Differential 


Digital Input Voltage (Pins 13-15) 


Analog Input Voltage (Pins 5, 6, 7) 


Reference Voltage Span (Pin 7-Pin 5) 
Applied Output Voltage (DO-D6 in 3-State) 


Junction Temperature 


+150 
—65, +150 


Devices shouid not be operated at these values. The “Recommended Operating Limits’ provide guidelines for actual 
device operation. 


RECOMMENDED OPERATING LIMITS 


Parameter 


Storage Temperature 


Power Supply Voltage (Pin 9) 
Power Supply Voltage (Pins 10, 16) 


Vec(D)~ Vec(A) 

Power Supply Voltage (Pin 8) 
Digital Input Voltages (Pins 13-15) 
Analog [Input (Pin 6) 

Voltage @ Vpat (Pin 7) 


@ Vpp (Pin 5) 


Clock Pulse Width — High 
— Low 


All limits are not necessarily functional concurrently. 
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ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc = 5.0 V, Veg = —5.2V, VRT = +1.0V, Vag = —1.0V, 
except where noted) 


[__hareeeroie «dS (Smt | in te || ie | 


TRANSFER CHARACTERISTICS (fox, = 25 MHz) 
|Resoation Tats] 


Monotonicty—=—SSSCSC~—~‘“‘“‘“~*~“‘“‘“~*~*~rtCSMON Carat di 
Integral Nonlinearity INL +14 +1.0 LSB 
Differential Nonlinearity DNL — +1.0 
Differential Phase (See Figure 11) Deg. 
Differential Gain (See Figure 11) %o 

= fe |e — 


Power Supply Rejection Ratio 
(4.5 V <Vcc < 5.5 V, Veg = —5.2 V) 
(-—6.0 V < Veg < -3.0V, Vcc = +5.0 V) 


ANALOG INPUT (Pin 6) 


Input Current @ Vin = VRB — 0.1 V (See Figure 4) 
@ Vin = Vat + 0.1 V (See Figure 4) 


Input Current @ 2.4 Volts (See Figure 5) 
@ 0.4 Volts (See Figure 5) 


Input Current @ 0.4 V (See Figure 6) 
@ 2.7 V (See Figure 6) 


DIGITAL OUTPUTS 
High Output Voltage (IoH = —400 nA @ D6-DO, OR, VoOH 
Vcc = 4.5 V, See Figure 7) 
Low Output Voltage (Io, = 4.0 mA @ D6-DO, OR, VoL 
Vcc = 4.5 V, See Figure 8) 
Output Short Circuit Current* (D6-D0, OR, Vcc = 5.5 V) | 35 | 
Output Leakage Current (0.4 < Vg < 2.4 V, IK 
See Figure 3, Vcc = 5.5 V, DO-D6 in 3-State Mode) 
Output Capacitance (DO-D6 in 3-State Mode) | 50 | 
*Only one output to be shorted at a time, not to exceed 1 second. 
POWER SUPPLIES 


Vec(a) Current (4.5 V < Vcc(a) < 5.5 V, Outputs Unloaded) 
Veci(p) Current (4.5 V < Vec(p) < 5.5 V, Outputs Unloaded) 


Vee Current (—6.0 V < Veg < —3.0 V) 
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TIMING CHARACTERISTICS (Ta = 25°C, Vcc = +5.0V, Veg = -5.2V, VaT = +1.0V, VRB = —1.0V, 
See System Timing Diagram) 
i: Parameter Symbol L_ Min | Typ Max | Units | 
INPUTS 
= 
Min Clock Pulse Width — High teen i es 5.0 = ns 
— Low tCKL L _ I 15 — 
Max Clock Rise, Fall Time ae ee ve ns 
Clock Frequency fCLK 0 30, 25 MHz 
OUTPUTS 
f <T 
[ New Data Valid from Clock Low tCKDV {- — = 22 _ | ns 
Aperture Delay tap _— 3.0 — iL ns | 
Hold Time t — a 6.0 _ ns 
a 77 ~—— 
Data High to 3-State from Enable Low* tEHZ — | 22 —_— ns 
—t +— 
Data Low to 3-State from Enable Low* tELZ — 17 _ ns 
| uae +— 
Data High to 3-State from ENABLE High* te'uz = 27 = mi ns_| 
ENABLE Hi i [== 
Data Low to 3-State f NABLE High* te’ _— 19 — 

a ow to 3-State ans is igh E'LZ ts ns 
Valid Data from Enable High (Pin 14 = 0 V)* teov, | | 13 _| aes | ns 
Valid Data from ENABLE Low (Pin 13 = 5.0 V)* tE'DV — 20 _ ns 

aS 4+— | 5 4 
[ Output Transition Time (10%-90%)* ttr — 6.0 — ns | 
*See Figure 2 for output loading. 
TEMPERATURE CHARACTERISTICS 
Typical Value > il Typical Change 
Parameter @ 25°C —40 to +85°C 
Icc (+ 5.0 V Supply Current) 73 mA — 100 pA/°C 
leg (—5.2 V Supply Current) —13 mA +7.0 pA/°C 
Ladder Resistance 140 0 +0.29%/°C 
Vot (Output Low Voltage @ 4.0 mA) 0.3 V +8.0 2V/°C 
VOH (Output High Voltage @ — 400 uA) 3.0 V 2.1 mV/°C 
Differential Nonlinearity _ — 0.0008 LSB/°C 
Integral Nonlinearity 0.25 LSB —0.001 LSB/°C 


PIN DESCRIPTIONS 


11,17 | Power supply ground. The two pins should 
be connected directly together, and 
through a low impedance path to the 


power supply. 


Overrange output. Indicates Vjp is more 
positive than VRqT-1/2 LSB. This output 
does not have 3-state capability, and there- 
fore is always active. 


D6-DO | 1-4, { Digital Outputs. D6 (Pin 4) is the MSB, DO 
18-20] (Pin 18) is the LSB. LSTTL compatible with 


3-state capability. 


Vec(D) Power supply for the digital section. 
+5.0 V, +10% required. 


Negative Power supply. Nominally —5.2 V, 
it can range from —3.0to —6.0 V, and must 
be more negative than Vrp by >1.3 V. 


Signal voltage input. This voltage is com- 
pared to the reference to generate a digital 
equivalent. Input impedance is nominally 
16-33 kf (See Figure 4) in parallel with 22 


PIN DESCRIPTIONS 


Clock input, TTL compatible, and can 
range from dc to 25 MHz. Conversion 
occurs on the negative edge of the clock. 


Enable input. TTL compatible, a Logic ‘1 
(and Pin 14 a Logic 0’) enables the data 
outputs. A Logic ‘‘0" sets the outputs 
(except Overrange) to a 3-state mode. 


ENABLE input. TTL compatible, a Logic 
“O" (and Pin 13 a Logic 1") enables the 
data outputs. A Logic “1” sets the outputs 
(except Overrange) to a 3-state mode. 


The bottom (most negative point) of the 
internal reference resistor ladder. The lad- 
der resistance is typically 140 © to Vt. 


VAT 7 The top (most positive point) of the inter- 
nal reference resistor ladder. ; 


Pin assignments are the same for the standard DIP package and the 
surface mount package. 
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FIGURE 1 — SYSTEM TIMING DIAGRAM 


Sample 2 


High Data 
Output 


tELZ 
Low Data 


Output 


Outputs 
Active 


FIGURE 2 — DATA OUTPUT TEST CIRCUIT 


Diodes = 1N914 or equivalent, C1 ~ 15 pF 
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FIGURE 3 — OUTPUT 3-STATE LEAKAGE CURRENT FIGURE 4 — INPUT CURRENT @ Vin 
80 
ae ae a a ee 
_ 0 pf 
q q a ae ae ws 
: pe an) (Sed (Se Fa ae 
e = ie eae ee Poe ee 
3 So ee ee ee ee ee 
3 = ae ee Soe ae ae ee 
i ms yi] | | | 
: ! —25 VRB Vat * +25 
APPLIED VOLTAGE (VOLTS) Vin, INPUT VOLTAGE (VOLTS) 
FIGURE 5 — INPUT CURRENT AT ENABLE, ENABLE FIGURE 6 — CLOCK INPUT CURRENT 
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a 50 io 
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z 13 (EN z 
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0 1.0 2.0 6.0 
Vin, INPUT VOLTAGE {VOLTS} INPUT VOLTAGE (VOLTS) @ Pin 15 
FIGURE 7 — OUTPUT VOLTAGE versus OUTPUT CURRENT FIGURE 8 — OUTPUT VOLTAGE versus OUTPUT CURRENT 


2.0 0.4 


OUTPUTS LOADED INDIVIDUALLY OUTPUTS LOADED INDIVIDUALLY 
OR SIMULTANEOUSLY OR SIMULTANEOUSLY 
+45< Vee < +55V 0.3 +45 <Vec< +55V 


an 


Vec-VoH, OUTPUT VOLTAGE 
DIFFERENCE (VOLTS) 
Qo 


0 ~ 100 — 200 — 300 — 400 0 2.0 4.0 6.0 8.0 
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FIGURE 9 — INTEGRAL LINEARITY ERROR IN LSBs 
versus CODE 
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ERROR IN LSBs 


FIGURE 10 — DIFFERENTIAL LINEARITY ERROR 
IN LSBs versus LOWER CODE 
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DESIGN GUIDELINES 


INTRODUCTION 

The MC10321 is a high speed, 7-bit parallel (‘‘Flash’’) 
type Analog-to-Digital converter containing 128 com- 
parators at the front end. See Figure 12 for a block dia- 
gram. The comparators are arranged such that one 
input of each is referenced to evenly spaced voltages, 
derived from the reference resistor ladder. The other 
input of each of the comparators is connected to the 
input signal (Vj;). Some of the comparator’s differential 
outputs will be “true,”” while other comparators will 
have “not true’’ outputs, depending on their relative 
position. Their outputs are then latched, and converted 
to a 7-bit Grey code by the Differential Latch Array. The 
Grey code ensures that errors caused at the input stage, 
due to cross talk, feed-thru, or timing disparaties, result 
in glitches at the output of only a few LSBs, rather than 
the more traditional 1/2 scale and 1/4 scale glitches. 

The Grey code is then translated to a 7-bit binary code, 
and the differential levels are translated to TTL levels 
before being applied to the output latches. ENABLE 
inputs (EN and EN) at this final stage permit the TTL 
outputs (except Overrange) to be put into a high imped- 
ance (3-state) condition. 


ANALOG SECTION 


SIGNAL INPUT 

The signal voltage to be digitized (Vj,) is applied 
simultaneously to one input of each of the 128 com- 
parators through Pin 6. The other inputs of the com- 
parators are connected to 128 evenly spaced voltages 
derived from the reference ladder. The output code 
depends on the relative position of the input signal to 
the reference voltages. The comparators have a 
bandwidth of >50 MHz, which is more than sufficient 
for the allowable (Nyquist theory) input frequency of 
12.5 MHz. 

The current into Pin 6 varies linearly from 0 (when 
Vin = Vrp) to ~60 pA (when Vin = VRT). If Vin is taken 
below Vrpg or above VAT, the input current will remain 
at the value corresponding to Vpg and Vrq respectively 


(see Figure 4). However, Vij, must be maintained within 
the absolute range of +2.5 volts (with respect to 
ground) — otherwise excessive currents will result at 
Pin 6. 

The input capacitance at Pin 6 is typically 22 pF, and 
is constant as Vin varies from VrtT to Vrp. 

The source impedance of the signal voltage should 
be maintained below 100 2 (at the frequencies of inter- 
est) in order to avoid sampling errors. 


REFERENCE 

The reference resistor ladder is composed of a 
string of equal value resistors so as to provide 128 
equally spaced voltages for the comparators (see Fig- 
ure 12 for the actual configuration). The voltage dif- 
ference between adjacent comparators corresponds 
to 1 LSB of the input range. The first comparator (clos- 
est to Vrp) is referenced 1/2 LSB above Vrp, and the 
128th comparator (for the overrange) is referenced 1/ 
2 LSB below Vprrt. The total resistance of the ladder is 
nominally 140 0, + 25%, requiring 14.3 mA @ 2.0 volts 
and 7.14 mA @ 1.0 volt. There is a nominal warm up 
change of ~ + 8.0% in the ladder resistance due to the 
+0.29%/°C temperature coefficient. 

The minimum recommended span [V_yT - VRgl is 1.0 
volt. A lower span will allow offsets and nonlinearities 
to become significant. The maximum recommended 
span is 2.1 volts due to power limitations of the resistor 
ladder. The span may be anywhere within the range of 
~—2.1 to +2.1 volts with respect to ground, and Vrg 
must be at least 1.3 volts more positive than Veg. The 
reference voltages must be stable and free of noise and 
spikes, since the accuracy of a conversion is directly 
related to the quality of the reference. 

In most applications, the reference voltages will 
remain fixed. In applications involving a varying refer- 
ence for modulation or signal scrambling, the modu- 
lating signal may be applied to Vet, or Vrp, or both. 
The output will vary inversely with the reference signal, 
introducing a nonlinearity into the transfer function. The 
addition of the modulating signal and the dc level 
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applied to the reference must be such that the absolute 
voltage at VRT and Vpp are maintained within the val- 
ues listed in the Recommended Operating Limits. The 
RMS vaiue of the span must be maintained <2.1 volts. 


POWER SUPPLIES 


Vcc{a) (Pin 9) is the positive power supply for the 
comparators, and Vcc(p) (Pins 10, 16) is the positive 
power supply for the digital portion. Both are to be + 5.0 
volts, + 10%, and the two are to be within 100 millivolts 
of each other. There is indirect internal coupling 
between Vcci(p) and Vcc(A). If they are powered sep- 
arately, and one supply fails, there will be current flow 
through the MC10321 to the failed supply. 

ICC(A) is nominally 13 mA, and does not vary with 
clock frequency or with Vip, but does vary slightly with 
VCC(A): ICC(D) is nominally 60 mA, and is independent 
of clock frequency. It does vary, however, by 4-5 mA 
as Vin is varied from Vprt to VRp, and varies directly 
with Vcc(D)- 

Veg is the negative power supply for the comparators, 
and is to be within the range — 3.0 to —6.0 volts. Addi- 
tionally, Veg must be at least 1.3 volts more negative 
than Vpp. leg is anominal ~ 13 mA, and is independent 
of clock frequency, Vin and Veg. 

For proper operation, the supplies must be bypassed 
at the IC. A 10 uF tantalum, in parallel with a 0.1 uF 
ceramic is recommended for each supply to ground. 


DIGITAL SECTION 


CLOCK 

The Clock input (Pin 15) is TTL compatible with a 
typical frequency range of 0 to 30 MHz. There is no duty 
cycle limitation, but the minimum low and high times 
must be adhered to. See Figure 6 for the input current 
requirements. 

The conversion sequence is shown in Figure 13, and 
is as follows: 


— On the rising edge, the data output latches are 
latched with old data, and the comparator output 
latches are released to follow the input signal (Vjp). 

~— During the high time, the comparators track the 
input signal. The data output latches retain the old data. 

— On the falling edge, the comparator outputs are 
latched with the data immediately prior to this edge. 
The conversion to digital occurs within the device, and 
the data output latches are released to indicate the new 
data in ~22 ns. 

— During the clock low time, the comparator outputs 
remain latched, and the data output latches remain 
transparent. 


TABLE 1 


A summary of the sequence is that data present at 
Vin just prior to the Clock falling edge is digitized and 
available at the data outputs immediately after that 
same falling edge. The minimum amount of time the 
data must be present prior to the clock falling edge 
(aperture delay) is 2.0-6.0 ns, typically 3.0 ns. 

The comparator output latches provide the circuit 
with an effective sample-and-hold function, eliminating 
the need for an external sample-and-hold. 


ENABLE INPUTS 

The two Enable inputs (Pins 13, 14) are TTL compat- 
ible, and are used to change the data outputs (D6—D0) 
from active to 3-state. This capability allows cascading 
two MC10321s into an 8-bit configuration, connecting 
the outputs directly to a data bus, multiplexing multiple 
converters, etc. See the Applications Information sec- 
tion for more details. For the outputs to be active, Pin 
13 must be Logic ‘’1,” and Pin 14 must be a Logic “0.” 
Changing either input will put the outputs into the high 
impedance mode. The Enable inputs affect only the 
state of the outputs — they do not inhibit a conversion. 
Both pins have a nominal threshold of ~1.2 volts, their 
input currents are shown in Figure 5, and their input- 
output timing is shown in Figure 1 and 14. Leaving 
either pin open is equivalent to a Logic ‘'1,’”’ although 
good design practice dictates that an input should never 
be left open. 

The Overrange output (Pin 12) is not affected by the 
Enable inputs as it does not have 3-state capability. 


OUTPUTS 

The data outputs (Pins 1-4, 12, 18-20) are TTL level 
outputs with high impedance capability (except Over- 
range). Pin 4 is the MSB (D6), and Pin 18 is the LSB (DO). 
The seven outputs are active as long as the Enable 
inputs are true (EN = high, EN = low). The timing of 
the outputs relative to the Clock input and the Enable 
inputs is shown in Figures 1 and 14. Figures 7 and 8 
indicate the output voltage versus load current, while 
Figure 3 indicates the leakage current when in the high 
impedance mode. 

The output code is natural binary, depicted in Table 1. 


The Overrange output (Pin 12) goes high when the 
input, Vjn, is more positive than Vaz — 1/2 LSB. This 
output is always active — it does not have high imped- 
ance capability. Besides used to indicate an input 
overrange, it is additionally used for cascading two 
MC10321s to form an 8-bit A/D converter (see Figure 
21). 


Vet. Vrp (Volts) 


sj 


Output 


+1.0V, -10V 


>VrT — 1/2 LSB 
VeaT — 1/2 LSB 


>2.040 V 
2.040 V 
2.032 V 
2.024 V 
1.024 V 
8.0 mV 

<8.0 mV 


> 


VRT — 1LSB 
Vet — 11/2 LSB 
Midpoint 

Vrp + 1/2 LSB 
< Vag + 1/2 LSB 


<e 


0.9922 V 
0.9922 V 
0.9844 V 
0.9766 V 

0.000 V 
0.9922 V 
0.9922 V 


+1.0V,0V 


>0.9961 V 
0.9961 V 
0.9922 V 
0.9883 V 
0.5000 V 

3.9 mV 
<3.9 mV 


Overrange 
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APPLICATIONS INFORMATION 


POWER SUPPLIES, GROUNDING 

The PC board layout, and the quality of the power 
supplies and the ground system at the IC are very 
important in order to obtain proper operation. Noise, 
from any source, coming into the device on Vcc, VEE, 
or ground can cause an incorrect output code due to 
interaction with the analog portion of the circuit. At the 
same time, noise generated within the MC10321 can 
cause incorrect operation if that noise does not have a 
clear path to ac ground. 

Both the Vcc and Veg power supplies must be decou- 
pled to ground at the IC (within 1” max) with a 10 uF 
tantalum and a0.1 pF ceramic. Tantalum capacitors are 
recommended since electrolytic capacitors simply have 
too much inductance at the frequencies of interest. The 
quality of the Vcc and Veg supplies should then be 
checked at the IC with a high frequency scope. Noise 
spikes (always present when digital circuits are present) 
can easily exceed 400 mV peak, and if they get into the 
analog portion of the IC, the operation can be disrupted. 
Noise can be reduced by inserting resistors and/or 
inductors between the supplies and the IC. 

If switching power supplies are used, there will usu- 
ally be spikes of 0.5 volts or greater at frequencies of 
50-200 kHz. These spikes are generally more difficult to 
reduce because of their greater energy content. In 
extreme cases, 3-terminal regulators (MC78LO5ACP, 
MC7905.2CT), with appropriate high frequency filtering, 
should be used and dedicated to the MC10321. 

The ripple content of the supplies should not allow 
their magnitude to exceed the values in the Recom- 
mended Operating Limits. 

The PC board tracks supplying Vcc and V_g to the 
MC10321 should preferably not be at the tail end of the 
bus distribution, after passing through a maze of digital 
circuitry. The MC10321 should be close to the power 
supply, or the connector where the supply voltages 
enter the board. If the Vcc and Veg lines are supplying 
considerable current to other parts of the boards, then 
it is preferable to have dedicated lines from the supply 
or connector directly to the MC10321. 

The two ground pins (11, 17) must be connected 
directly together. Any long path between them can 
cause stability problems due to the inductance (@ 25 
MHz) of the PC tracks. The ground return for the signal 
source must be noise free. 


REFERENCE VOLTAGE CIRCUITS 

Since the accuracy of the conversion is directly related 
to the quality of the references, it is imperative that 
accurate and stable voltages be provided to Vat and 
Vrp. if the reference span is 2.0 volts, then 1/2 LSB is 
only 7.8 millivolts, and it is desireable that VpT and Vag 
be accurate to within this amount, and furthermore, that 
they do not drift more than this amount once set. Over 


the temperature range of —40 to +85°C, a maximum 
temperature coefficient of 31 ppm/°C is required. 

The voltage supplies used for digital circuits should 
preferably not be used as a source for generating VRT 
and Vpp, due to the noise spikes (up to 500 mV) present 
on the supplies and on their ground lines. Generally 
+ 15 volts, or + 12 volts, are available for analog circuits, 
and are usually clean compared to supplies used for 
digital circuits, although ripple may be present in vary- 
ing amounts. Ripple is easier to filter out than spikes, 
however, and so these supplies are preferred. 

Figure 15 depicts a circuit which can provide an 
extremely stable voltage to VpT at the current required 
(the maximum reference current is 20 mA @ 2.0 volts). 
The MC1403 series of references have very low tem- 
perature coefficients, good noise rejection, and a high 
initial accuracy, allowing the circuit to be built without 
an adjustment pot if the Vp_t voltage is to remain fixed 
at one value. Using 0.1% wirewound resistors for the 
divider provides sufficient accuracy and stability in 
many cases. Alternately, resistor networks provide high 
ratio accuracies, and close temperature tracking. If the 
application requires VpT to be changed periodically, the 
two resistors can be replaced with a 20 turn, cermet 
potentiometer. Wirewound potentiometers should not 
be used for this type of application since the pot’s slider 
jumps from winding to winding, and an exact setting 
can be difficult to obtain. Cermet pots allow for a 
smooth continuous adjustment. 

In Figure 15, R1 reduces the power dissipation in the 
transistor, and can be carbon composition. The 0.1 uF 
capacitor in the feedback path provides stability in the 
unity gain configuration. Recommended op amps are: 
LM358, MC34001 series, LM308A, LM324, and LM11C. 
Offset drift is the key parameter to consider in choosing 
an op amp, and the LM308A has the lowest drift of those 
mentioned. Bypass capacitors are not shown in Figure 
15, but should always be provided at the input to the 
2.5 volt reference, and at the power supply pins of the 
op amp. 

Figure 16 shows a simpler and more economical cir- 
cuit, using the LM317LZ regulator, but with lower initial 
accuracy and temperature stability. The op amp/current 
booster is not needed since the LM317LZ can supply 
the current directly. In a well controlled environment, 
this circuit will suffice for many applications. Because 
of the lower initial accuracy, an adjustment pot is a 
necessity. 

Figure 17 shows two circuits for providing the voltage 
to Vrp. The circuits are similar to those of Figures 15 
and 16, and have similar accuracy and stability. The 
MC1403 reference is used in conjunction with an op amp 
configured as an inverter, providing the negative volt- 
age. The output transistor is a PNP in this case since 
the circuit must sink the reference current. 


MOTOROLA LINEAR/INTERFACE DEVICES 


6-65 


MC10321 


VIDEO APPLICATIONS 

The MC10321 is suitable for digitizing video signals 
directly without signal conditioning, although the stan- 
dard 1.0 volt p-p video signal can be amplified to a 2.0 
volt p-p signal for slightly better accuracy. Figure 18 
shows the input (top trace) and reconstructed output of 
a standard NTSC test signal, sampled at 25 MSPS, con- 
sisting of a sync pulse, 3.58 MHz color burst, a 3.58 MHz 
signal in a Sin2x envelope, a pulse, a white level signal, 
and a black level signal. Figure 19 shows a Sin2x pulse 
that has been digitized and reconstructed at 25 MSPS. 
The width of the pulse is ~225 ns at the base. Figure 
20 shows an application circuit for digitizing video. 


8-BIT A/D CONVERTER 

Figure 21 shows how two MC10321s can be con- 
nected to form an 8-bit converter. In this configuration, 
the outputs (D6—D0O) of the two 7-bit converters are par- 
alleled. The outputs of one device are active, while the 
outputs of other are in the 3-state mode. The selection 
is made by the OVERRANGE output of the lower 
MC10321, which controls Enable inputs on the two 
devices. Additionally, this output provides the 8th bit. 

The reference ladders are connected in series, pro- 
viding the 256 steps required for 8 bits. The input volt- 
age range is determined by VrT of the upper MC10321, 
and Vrp of the lower device. A minimum of 1.0 volt is 
required across each converter. The 500 2 pot (20 turn 
cermet) allows for adjustment of the midpoint since the 
reference resistors of the two MC10321s may not be 
identical in value. Without the adjustment, a nonequal 


voltage division could occur, resulting in a nonlinear 
conversion. If the references are to be symmetrical 
about ground (e.g., + 1.0 volt or + 2.0 volts), the adjust- 
ment can be eliminated, and the midpoint connected to 
ground. 

The use of latches on the outputs is optional, depend- 
ing on the application. If latches are required, 
SN74LS173As are recommended. 


50 MHz, 7 BIT A/D CONVERTER 

Figure 22 shows how two MC10321s can be con- 
nected together in a flip-flop arrangement in order to 
have an effective conversion speed of 50 MHz. The 
74F74D-type flip-flop provides a 25 MHz clock to each 
converter, and at the same time, controls the SELECT 
input to the MC74F257 multiplexers to alternately select 
the outputs of the two converters. A brief timing dia- 
gram is shown in the figure. 


NEGATIVE VOLTAGE REGULATOR 

In the cases where a negative power supply is not 
available — neither the — 3.0 to — 6.0 volts, nor a higher 
negative voltage from which to derive it — the circuit 
of Figure 23 can be used to generate —5.0 volts from 
the +5.0 volts supply. The PC board space required is 
small (~2.0 in2), and it can be located physically close 
to the MC10321. The MC34063 is a switching regulator, 
and in Figure 23 is configured in an inverting mode of 
operation. The regulator operating specifications are 
given in the figure. 


GLOSSARY 


APERTURE DELAY — The time difference between the 
sampling signal (typically a clock edge) and the actual 
analog signal converted. The actual signal converted 
may occur before or after the sampling signal, depend- 
ing on the internal configuration of the converter. 


BIPOLAR INPUT — A mode of operation whereby the 
analog input (of an A-D), or output (of a DAC), includes 
both negative and positive values. Examples are — 1.0 
to +1.0 V, —5.0 to +5.0 V, —2.0 to +8.0 V, etc. 


BIPOLAR OFFSET ERROR — The difference between the 
actual and ideal locations of the O0Y to 01, transition, 
where the ideal location is 1/2 LSB above the most neg- 
ative reference voltage. 


BIPOLAR ZERO ERROR — The error (usually expressed 
in LSBs) of the input voltage location (of a 7-bit A/D) of 
the 40y to 41} transition. The ideal location is 1/2 LSB 
above zero volts in the case of an A/D set up for a 
symmetrical bipolar input (e.g., —1.0 to +1.0 V). 


DIFFERENTIAL NONLINEARITY — The maximum devia- 
tion in the actual step size (one transition level to 


another) from the ideal step size. The ideal step size is 
defined as the Full Scale Range divided by 29 (n = 
number of bits). This error must be within +1 LSB for 
proper operation. 


FULL SCALE RANGE (ACTUAL) — The difference 
between the actual minimum and maximum end points 
of the analog input (of an A-D). 


FULL SCALE RANGE (IDEAL) — The difference between 
the actual minimum and maximum end points of the 
analog input (of an A-D), plus one LSB. 


GAIN ERROR — The difference between the actual and 
expected gain (end point to end point), with respect to 
the reference of a data converter. The gain error is usu- 
ally expressed in LSBs. 


GREY CODE — Also known as reflected binary code, it 
is a digital code such that each code differs from adja- 
cent codes by only one bit. Since more than one bit is 
never changed at each transition, race condition errors 
are eliminated. 
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INTEGRAL NONLINEARITY — The maximum error of 
an A/D, or DAC, transfer function from the ideal straight 
line connecting the analog end points. This parameter 
is sensitive to dynamics, and test conditions must be 
specified in order to be meaningfull. This parameter is 
the best overall indicator of the device’s performance. 


LSB — Least Significant Bit. It is the lowest order bit of 
a binary code. 


LINE REGULATION — The ability of a voltage regulator 
to maintain a certain output voltage as the input to the 
regulator is varied. The error is typically expressed as 
a percent of the nominal output voltage. 


LOAD REGULATION — The ability of a voltage regulator 
to maintain a certain output voltage as the load current 
is varied. The error is typically expressed as a percent 
of the nominal output voltage. 


MONOTONICITY — The characteristic of the transfer 
function whereby increasing the input code (of a DAC), 
or the input signal (of an A/D), results in the output never 
decreasing. 


MSB — Most Significant Bit. It is the highest order bit 
of a binary code. 


NATURAL BINARY CODE — A binary code defined by: 
N = Ap29 +... + Ag23 + Ag22 + Aq21 + Ag20 


where each “A” coefficient has a value of 1 or 0. Typ- 
ically, all zeroes corresponds to a zero input voltage of 
an A/D, and all ones corresponds to the most positive 
input voltage. 


NYQUIST THEORY — See Sampling Theorem. 


OFFSET BINARY CODE — Applicable only to bipolar 
input (or output) data converters, it is the same as Nat- 
ural Binary, except that all zeroes corresponds to the 
most negative input voltage (of an A/D), while all ones 
corresponds to the most positive input. 


POWER SUPPLY SENSITIVITY — The change in a data 
converters performance with changes in the power sup- 
ply voltage(s). This parameter is usually expressed in 
percent of full scale versus AV. 


QUANTITIZATION ERROR — Also known as digitization 
error or uncertainty. It is the inherent error involved in 
digitizing an analog signal due to the finite number of 
steps at the digital output versus the infinite number of 
values at the analog input. This error is a minimum of 
+1/2 LSB. 


RESOLUTION — The smallest change which can be dis- 
cerned by an A/D converter, or produced by a DAC. It 
is usually expressed as the number of bits, n, where the 
converter has 2" possible states. 


SAMPLING THEOREM — Also known as the Nyquist 
Theorem. It states that the sampling frequency of an 
A/D must be no less than 2x the highest frequency (of 
interest) of the analog signal to be digitized in order to 
preserve the information of that analog signal. 


UNIPOLAR INPUT — A mode of operation whereby the 
analog input range (of an A/D), or output range (of a 
DAC), includes values of a single polarity. Examples are 
Oto +2.0V, 0 to —5.0V, +2.0to +8.0 V, etc. 


UNIPOLAR OFFSET ERROR — The difference between 
the actual and ideal locations of the 00}; to 01}; tran- 
sition, where the ideal location is 1/2 LSB above the 
most negative input voltage. 


FIGURE 11 — DIFFERENTIAL PHASE AND GAIN TEST 


Vid 
Dae MCc10321 


signal Latch 
certo LS 
Clock 


285.7 mV 


VIDEO INPUT SIGNAL 


HDS-1250 
12 Bit D/A 


1.024 
Vp-p 
to 


Analyser — Input waveform: 571.4 mV 


p-p sine wave @ 3.579545 
MHz, dc levels as shown. 

— MC10321 clock at 14.31818 
MHz (4x) asynchronous to 
input. 

— Differential gain: p-p output 
@ each IRE level 
compared to that at 0 IRE. 

— Differential phase: Phase @ 
each IRE level compared 
to that @ 0 IRE. 


VRT 
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FIGURE 12 — MC10321 


Vec{a) (+5.0 V) Vecip) (+ 5.0 V) 


VRB 


VRT F— WT 
33 


DRO RRR eNO Te OR 
| 
Vin ECL to TTL 
at F Converter 
E and -~ 
4 Latches | 
VRB N 3 
Hi S 
t 
. A 
L T 
E 
L 
A c 
as | 
. R 
Hl C 
U 
. ! 
R T 
R 
A 
Y 
Reference 
Resistor 
Ladder 
140 0 
R= 108 
= 1.094 0 


Clock ENABTE 
Vege (-3.0 to —6.0 Volts) (0-25 MHz} Enable ENABLE 


TTL 
Outputs 


LZEOLOIN 


MC10321 


FIGURE 13 — CONVERSION SEQUENCE 


era 


| Comparator Outputs Latched 
(Valid Data Available After tcxpv) 


Latches Comparator Outputs, 
Opens Data Output Latches 


Data Outputs Latched, Releases Comparator Latches 


FIGURE 14 — ENABLE TO OUTPUT CRITICAL TIMING FIGURE 15 — PRECISION Vat VOLTAGE SOURCE 


+5.0 to +40 V 
R1 = 9120 for +5.0V 


560 0 for +15 V 


2.5V 
Reference 
3-State (See Table) 


2N2222A 


2.5 References | Mc1403U | MC1403AU _ 
Line Regulation 
Timing @ D6-DO measured where waveform starts TC (ppm/°C) max } 4a | 2 
to change. Indicated time values are typical | AVout for 0-70°C | 7.0mv | 44mv_ | 
AV, for 0-70°C 7.0 mV 4.4 mV 
@ 25°C, and are in ns. out Tor s = 
Initial Accuracy 


FIGURE 16 — Vat VOLTAGE SOURCE 


+5.0 to +40V © 


LM317LZ 
Line Regulation 
TC (ppm/°C) max | 6 | 


AVout for 0-70°C 
Initial Accuracy 
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MC10321 


FIGURE 17 — Vag VOLTAGE SOURCES 


+5.0 to +40V 


To 


~1.25to -2.0V VRB 
LM337MT 


R1 = 910 for -50V 
560 1 for —15 V 


Reference LM337MT 


Line Regulation 1.0 mV 


TC (ppm/°C) max 
AVout for 0-70°C 


| Initial Accuracy 


FIGURE 18 


Output 


FIGURE 19 


"2936086" 


Input 


Output 
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MC10321 


FIGURE 20 — APPLICATION CIRCUIT FOR DIGITIZING VIDEO 


VeciA) VeciD) 


2 


2N2222A 
MC1403AU ; 
, MC10321 
+1.0V 


MC34080 i 


1.0 uF i 
Waccee a 25 MC34080 NOTES: 1) Bypass capacitors required at 
: Pa power supply pins of ALL IC’s. 


(Note 4) 350.0 2) Ground plane required over all 
parts of circuit board. 
3) Al = MC34002. 
4) These resistors can be changed 
to match signal source impedance. 
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FIGURE 21 — 8-BIT A/D CONVERTER 


MC10321 


500 2 VeciD) VectA) 
(Optional 
See Text) 


Vee Vcc(D) VcciA) 


3X 74LS173A 
Latches 
(Optional) 
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MC10321 


FIGURE 22 — 50 MHz 7 BIT A/D CONVERTER 


50 MHz Clock 


MC10321 
(#1) 


MC74F257 


MC10321 
(#2) 


MC74F257 


DO-D6 #1 


boos 42 OK , Uldést$thttttttt 
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MC10321 


FIGURE 23 — —5.0 VOLT REGULATOR 


1 
(+4.5 to +5.5 V) 100 
Tor 


3.0 kQ 1.0 kQ ~5.0 V/20 mA 


Load Regulation Vin = 5.0 V, 8.0 MA < igut < 20 MA 
Output Ripple Vin = 5.0 V, lout = 20 mA 2.0 mV p-p 
Short Circuit lout | Vin = 5.0 V, RL = 0.12 140 mA 


Efficiency Vin = 5.0 V, lout = 50 mA 
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MOTOROLA 


m= SEMICONDUCTOR oy 
TECHNICAL DATA 


Product Preview 


8-BIT VIDEO DAC 


8-BIT VIDEO DAC WITH TTL INPUTS WITH TTL INPUTS 
The MC10322 is a 40 MegaSample Per Second (MSPS) 8-bit SILICON MONOLITHIC 
video DAC capable of directly driving a 75 ohm cable with appro- INTEGRATED CIRCUIT 


priate terminations to ElA-170 and EIA-343-A video levels. The 
logic inputs (data and controls) are TTL compatible. Input buffers 
negate the need for external latches, unless the transparent mode 
is selected. 

Video controls (Force High, Blank, Bright, and Sync) permit an 
easy interface to standard video systems. The Clock (Convert) 
inputs can be differential or single-ended. Complementary out- 
puts are provided for custom displays or special effects. 

The MC10322 is fabricated with Motorola’s MOSAIC process 
which provides high speed with low power consumption. The 
MC10322 is available in a 24 pin plastic DIP package. 


@ 40 MSPS Minimum Conversion Rate 


TTL Compatible Inputs 

ake : P SUFFIX 
8-Bit Linearity PLASTIC PACKAGE 
Latched Data and Video Control Inputs, or Transparent Mode CASE 649 


Video Controls: Force High, Blank, Bright, Sync. 
Differential Current Outputs Can Each Drive 0-60 Ohms 
Modulation Capability (Multiplying Mode) 

PSRR >60 dB PIN CONNECTIONS 
Operates from +5.0 and —5.2 V Power Supplies 
Power Dissipation: Typically 359 mW 

Available in 24 Pin Plastic DIP Package 


BLOCK DIAGRAM 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. Specifications listed are target specifications only. 


(Top View) 
MOSAIC is a trademark of Motorola, Inc. 
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MOTOROLA 


m= SEMICONDUCTOR xox 
TECHNICAL DATA 


Product Preview 


8-BIT VIDEO DAC WITH TTL INPUTS 8-BIT VIDEO DAC 
WITH ECL INPUTS 

The MC10324 is a 40 MegaSample Per Second (MSPS) 8-bit 
video DAC capable of directly driving a 75 ohm cable with appro- SILICON MONOLITHIC 
priate terminations to EIA-170 and E!A-343-A video levels. The INTEGRATED CIRCUIT 


logic inputs (data and controls) are ECL compatible. Input buffers 
negate the need for external latches, unless the transparent mode 
is selected. 

Video controls (Force High, Blank, Bright, and Sync) permit an 
easy interface to standard video systems. The Clock (Convert) 
inputs can be differential or single-ended. Complementary out- 
puts are provided for custom displays or special effects. 

The MC10324 is fabricated with Motorola’s MOSAIC process 
which provides high speed with low power consumption. The 
MC10324 is available in a 24 pin plastic DIP package. 


@ 40 MSPS Minimum Conversion Rate 
ECL Compatibility 
8-Bit Linearity 

P SUFFIX 
Latched Data and Video Control Inputs, or Transparent Mode PLASTIC PACKAGE 
Video Controls: Force High, Blank, Bright, Sync. CASE 649 
Differential Current Outputs Can Each Drive 0-60 Ohms 
Modulation Capability (Multiplying Mode) 
PSRR >60 dB 
Operates from —5.2 V Power Supply PIN CONNECTIONS 
Power Dissipation: Typically 348 mW 
Available in 24 Pin Plastic DIP Package 
Pin Compatible with TRW’s TDC1018 


BLOCK DIAGRAM 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. Specifications listed are target specifications only. 


MOSAIC is a trademark of Motorola, Inc. 


{Top View) 
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Interface Circuits 


Selector Guide 


In Brief... Magnetic Read/Write Interface 
and Control................005- 7-2 7 
Described in this section is Motorola’s line of inter- Microprocessor Bus Interface. .... 7-4 
face circuits, which provide the means for interfacing . . 
microprocessor or digital systems to the external world, Single-Ended Bus Transceivers... 7-5 
or to other systems. . A i 
included are devices for reading and writing to a Line Receivers irre teers TS 
floppy disk or tape drive system, devices which eee Line Drivers ........... Seiad aks arate. 220 
a microprocessor to communicate with its own array o : A 
memory and peripheral I/O circuits. Line Transceivers................ 7-6 
The line drivers, receivers, and transceivers permit Peripheral DriverS........ccceceee 7-7 
communications between systems over cables of sev- 
eral thousand feet in length, and at data rates of up to . ae 
several megahertz. The common EIA data transmis- Alphanumeric Listing Bi cael etm ae ey Sea 7-8 
sion standards, several European standards, : 
IEEE-488, and IBM 360/370 are addressed by these Related Application Notes.......... 7-9 
devices. 
The peripheral drivers are designed to handle high Data Sheets 7-10 


current loads such as relay coils, lamps, stepper 
motors, and others. Input levels to these drivers can 
be TTL, CMOS, High Voltage MOS, or other user 
defined levels. The display drivers are designed for 
LCD, LED, incandescent and other types of displays, 
and provide various forms of decoding. 


Interface Circuits 


Magnetic Read/Write 
Interface and Control 


Motorola‘s line of circuits in this category are well 
established industry standards for reading and writing in 
a floppy disk system. The write circuits are designed for 
both straddle erase and tunnel erase heads, and provide 


Floppy Disk Write 
Controllers 


Straddle Erase Controller 
MC3469P — Ta = 0° to +70°C, Case 648 


Designed to provide the entire interface between 
floppy disk heads and the head control and write data 
signals for straddle-erase heads. 

Provisions are made for selecting a range of accu- 
rately controlled write currents and for head selection 
during both read and write operation. Additionally, pro- 
visions are included for externally adjusting degauss 
period and inner/outer track compensation. 


Tunnel/Straddle Erase Controller 
MC3471P — Ta = 0° to +70°C, Case 738 


Provides the entire interface between the write data 
and head control signals and the heads (write and erase) 
for either tunnel or straddle-erase floppy disk systems. 

Has provisions for external adjustment of degauss 
period, inner/outer track compensation, and the delay 
from write gate to erase turn-on and turn-off. 


both the writing and erasing functions. The read circuits 
include all circuitry for peak detection, filtering, wave 
shaping, and guaranteed peak shift specifications. 


RW1 R'W2 


Write Toggle 
Data Select = 
4 Write 
—O 
Gate 
Erase 0 
Erase 1 


Select 
IRW Enable 


Select ° 


Current 
Select 


Center Tap 0 


Center Tap 1 


O 
VRef_ 'Ref Head 
Select 
RW1 RW2 
O 7 6 
Write 0 D1 
Data © D2 
Erase 0 
Erase 1 
IRW Center Tap 0 
Select 


Center Tap 1 
O Inhibit 
Head 

Select 


VRef 'Ref Write 


Gate 
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Floppy Disk Read 
Amplifier System 


5.0V 12V Gnd 
1 [ve 5 
Em foo Le — 2 x —-y7y--O Cr 
! I 
1 7 imc 
patel 
Magnetic | Filt Pulse | One ! “D , Pulse ag 
Head mere Gen. | Shot | Flop | Gen. Digital 
2 16. __ _,15 | Output 
Gain uy Peak Time Domain 
Stage ! Detector Filter 


t 


Gain Differentiator Mono 1 Mono 2 
Select Network RC RC 


ae vive nee 


MC3470P,AP — Ta = 0° to + 70°C, Case 707 


Designed as monolithic Read Amplifier System for 
obtaining digital information from floppy disk storage. 
These devices accept differential ac signals produced 
by the magnetic head and provides a digital output 
pulse that corresponds to each peak of the input signal. 
A gain stage amplifies the input waveform and applies eo sh. ] 
it to an external filter network, enabling the active dif- LL ee 
ferentiator and time domain filter to produce the desired a SRR E th 
output. These devices provide all the active circuitry to in Max | 
perform the floppy disk Read amplifier function, and 80 130 
guarantee to have a maximum peak shift of 5.0%, eee emcee 
adjustable to zero, for the MC3470P and 2.0%, adjust- 
able to zero, for the MC3470AP. 


TAPE AMPLIFIER SYSTEM 


mupeo 


Magnetic Tape 

41 Electronic Gain 
Sense Amplifier ag te 
MC3467P — Tp = 0° to + 70°C, Case 707 


The MC3467 provides three independent preampili- 
fiers with individual electronic gain control, optimized 
for use in 9-track magnetic tape memory systems where 
low noise and low distortion are paramount objectives. 

The electronic gain control allows each amplifier's 
gain to be set anywhere from essentially zero to a max- 
imum of approximately 100 V/V. Minimum small-signal 
bandwidth is 10 MHz, and Common-Mode Input Voltage 
range is 1.5 V min. 
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Microprocessor Bus Interface 


Motorola offers a spectrum of line drivers and re- 
ceivers which provide interfaces to many industry 
standard specifications. Many of the devices add key 


Address and Control Bus Extenders 


operational features, such as hysteresis, short circuit 
protection, clamp diode protection, or special control 
functions. 


These devices are designed to extend the drive capabilities of today’s standard microprocessors. All devices are 


Te 


Hex 3-State Buffers/Inverters — Ta = 0° to +75°C 


These devices differ in that the noninverting MC8T95/ 
MC6885 and inverting MC8T96/MC6886 provide a two- 
input Enable which controls all six buffers, while the 
noninverting MC8T97/MC6887 and inverting MC8T98/ 


MC8T95/MC6885# — Noninverting 
MC8T96/MC6886# — Inverting 
Two-input Enable controls all six buffers. 


*Add inverter for 
MC6886/MC8T96. 


fabricated with Schottky TTL technology for high speed. 


MC8T95/ L/620_ | Noninverting 
MC6885 P/648 


MC8T96/ L/620 ‘| inverting 
MC6886 P/648 


MC8T97/ L/620 
MC6887 P/648 
MC8T98/ L/620 
MC6888 P/648 


MC6888 provide two Enable inputs — one controlling four 
buffers and the other controlling the remaining two 
buffers. 


#These devices may be ordered by either of the paired numbers. 


MC8T97/MC6887# — Noninverting 

MC8T98/MC6888# — Inverting 

Two Enable inputs, one controlling four buffers and the 
other controlling the remaining two buffers. 


Enable 4 |p 


Input A [2 (15| Enable 2 
Output A [3] 14] Input F 
Input B [4| 113] Output F 
Output B [| 5} Input E 
Input C [ 6} Output E 
Output C 110] Input D 
Gnd [8| | 9] Output D 
*Add inverter for 
MC6888/MC8T98. 


17 17 MC8T28 P/648 | Noninverting Logic 
(MC6889) L/620 
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Single-Ended Bus Transceivers 


For Instrumentation Bus, Meets GPIB/IEEE Standard 488 
Driver Characteristics Receiver Characteristics) 


MC3446A MOS Compatible, Input Hysteresis 
[ 48 30 50 MC3447 P3:724 | Input Hysteresis, Open Collector, 3-State 
L623 | Outputs with Terminations 
P-649 
48 17 25 4 MC3448A P'648 Input Hysteresis, Open Collector, 3-State 
D.751B_ | Outputs with Terminations 
L620 | 
100 30 30 4 MC3440A P'648 | Input Hysteresis, Enable for 3 Drivers 
MC3441A Common Enable, Input Hysteresis 
For High-Current Party-Line Bus for Industrial and Data Communications 
T T 
100 15 15 4 MC26S10 P'648 |Open Collector, Outputs, Common 
0-751B_ ‘| Enable 
L620 


Line Receivers 
General- aE UrpOse 


4 MC3453 Quad version of 


MC3450 


MC3452 MC75107/8 
MC75107 MC75S110 | Dual version of 
MC75108 MC3450/2 
MC3437 Input Hysteresis 


A Ra —L ii alia i st i as ac 
360/370 I/O Interface 
Ss TP 30 Yes No +5 MC75125 P‘648 7 MC3481 Schottky 
MC75127 L/620 MC3485 Circuitry 
iS) TP 30 Yes Yes +5 MC75128 P’738 8 MC3481 Active high strobe 
MC75129 L‘732 | MC3485 | Active low strobe 


*OC = Open Collector, TP = Totem-pole output 


EIA Standard 


MC1489 D:751A MC 1488 EtA-232-D 
MC1489A P'648 
L632 
= | 
S, D TP 30 Yes Yes +5 AM26LS32 P/648 4 AM26LS31 | ElIA-422/423 
S,D TP 30 Yes Yes +5 MC3486 D/751B 4 MC3487 
L/620 
S,D TP 35 Yes Yes +5 SN75173 /648 4 $N75172 EIA-422/423/485 
S, D TP 35 Yes Yes +5 SN75175 D/751B 4 SN75174 
J/620 a a 


*R = Resistor Pull-up, TP = Totem-pole output 
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Line Drivers 


General Purpose 


MC3450 Quad version of 
MC3452 MC75S110 
MC75107 Dual version of a 


MC75108 MC3453 


360/370 I/O Interface 


60 45 Ss Yes Yes +5  |MC3481 P/648 4 MC75125 [Short Circuit _—| 
| L620 | MC75127 _| Fault Flag 


60 45 Ss Yes Yes +5 MC3485 P/648 4 pes 28 Short Circuit 
L/620 


MC75129_—‘| Fault Flag 


se Standard 


SN751 72 N/648 4 $N75173 EIA-485 
SN75174 J/620 4 $N75175 


85 35 D Yes es 
85 35 D Yes 
48 20 D Yes +5 |mc34e7 | Peas 4 |MC34e6 
D/751B 
Heo EIA-422 
with 3-State 
48 20 D Yes | Yes AM26LS31 | P/648 4 |AM26LS32 | outputs 
D/751B 
0/620 
20 zs s No P1/626 2 |mc348e —_ | E1A-423/232-D 
(wA9636A) | D/751B AM26L532 
U/693 
10 350 s No | Yes | +9to |MC1488 | P/646 4 |mc1489_— ‘| E1A-232-D 
«12 D/751A MC1489A 
[ = ae Les2_| 
60 300 S/D 422-Yes] +5 |AM26LS30 | P/e4s | 422-2 |AM26LS32 |EIA-422 
423-No Le20 | 423-4 |mc34e6 ‘| EIA-423 
| | 0/751B Switchable 


Line Transceivers 


20 30 DE, RE Yes +5 MC34050 L/620 2 2 EIA-422 


D/751B 
P/648 
20 30 DE Yes +5 MC34051 L/620 2 2 EIA-422 
P/648 
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Peripheral Drivers 


Output | 
Current Propagation Output Off State Drivers 
Capability Input Delay Time Ciamp Voltage Per Package/ Logic 
(mA) Capability Max (ys) Diode Max (V) Device Package Suffix Function 
300 TTL, OTL 1.0 Yes 70 MC1472 2 P1/626 NAND 
U/693 
500 TTL, CMOS, 1.0 Yes 50 ULN2801 8 A/707 Invert 
PMOS 
14V to 25V 1.0 Yes 50 ULN2802 8 A/707 Invert 
PMOS 
500 TTL, CMOS 1.0 Yes 50 ULN2803 8 A/707 Invert 
T 
500 6.0Vto 15V 1.0 Yes 50 ULN2804 8 A/707 Invert 
MOS aan J 
TTL, CMOS 1.0 Yes 50 MC1411,B 7 /648 Invert 
PMOS 
ot =| 
500 14Vto 25V 1.0 Yes 50 MC1412,B 7 P/648 Invert 
PMOS | 
500 TTL, 5.0 V 1.0 Yes 50 MC1413,B 7 P/648 Invert 
CMOS 
500 8.0 Vto 18 V 1.0 Yes 50 MC1416,B 7 P/648 Invert 
MOS 
1500 TTL, 5.0 V 1.0 Yes 50 ULN2068B 4 B/648 Invert 
CMOS 
TTL, 5.0 V No 50 ULN2074B 4 Collector, Emitter 
CMOS available at Pins 
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INTERFACE CIRCUITS 


Memory Interface and Control 


Device 


MC3467 
MC3469P 
MC3470P,AP 
MC3471P 


Function 


PILE: PRE AMMDITIOL: Lois crerit ties eutuns Grae ale Ee ane Ha UE EEL ORS 
Floppy Disk Write Controller ......... 0... ccc cece eet eee nena 
Floppy Disk Read Amplifier System ........... 0.0.0 cece eee eee eee 
Floppy Disk Write Controller/Head Driver ......... 0... cece ene ees 


Microprocessor Bus Interface 


Device 


MC8T26A 
MC8T28 
MC8T95 
MC8T96 
MC8T97 
MC8T98 
MC6875,A 
MC6880A 
MC6885 
MC6886 
MC6887 
MC6888 
MC6889 


Function 


Quad Three-State Bus Transceiver ........ 0... ccc cee ee eee teens 
Noninverting Bus Transceiver ......... 0... cece eee tee eee 
Hex Three-State Buffer/Inverter .. 0.0... 0... ccc ce eee ee 
Hex Three-State Buffer/Inverter ...... 0.0.0... cece eee ete eeee 
Hex Three-State Buffer/Inverter ...... 0... ccc ee eee eee nne 
Hex Three-State Buffer/Inverter ......... 0. cc ccc ccc eee teen eens 
MC6800 Clock Generator/Driver ........ 0.0... cc cee tee eee ens 
Quad Three-State Bus Transceiver ...... 0... ccc ce ee ee eens 
Hex Three-State Buffer/Inverter 2.0... 0... ccc ccc ce eee eee ete ees 
Hex Three-State Buffer/Inverter ...... 0... ccc ee ee eens 
Hex Three-State Buffer/Inverter ........ 00... cece cee tee tee tenes 
Hex Three-State Buffer/Inverter ..... 0.0... 0c ccc eee eee te eee tenes 
Noninverting Bus Transceiver .......... 0... cc ccc cee eee tee etna 


Single-Ended Bus Transceivers 


Device 


MC26S10 
MC3440A 
MC3441A 
MC3446A 
MC3447 

MC3448A 


Line Receivers 


Device 


AM26LS32 
MC1489,A 
MC3437 
MC3450 
MC3452 
MC3486 
MC75107 
MC75108 
MC75125 
MC75127 
MC75128 
MC75129 
SN75173 
SN75175 


Function 


Quad Open-Collector Bus Transceiver .......... 0... cece eee eee ene nae 
Quad Interface Bus Transceiver ......... 0.0... ccc cee ce eee eee nee 
Quad Interface Bus Transceiver ......... 0... ccc cee eee eee neces 
Quad Interface Bus Transceiver ....... 00.00. cc ccc ee cee eee ene e neces 
Bidirectional Instrumentation Bus Transceiver .............. 000. ee eee eee 
Quad Three-State Bus Transceiver ...... 0.0.0. ccc cee ee ee teen ee eae 


Function 


Quad EIA-422/3 Line Receiver with Three-State Outputs .................. 
Quad MDTL Line Receiver ......... 0... cece eee ee eee ee eee eee e eens 
Hex Unified Bus Receiver ......... ccc eee tee eee eee n en eeeees 
Quad Line Recéiver :.. 60.666 acs Ane eet een ae dee baad eee 0 
Quad ‘Hine RECEIVER i .0.22 oes edeictw eltra deatnn bent edsdwnealh ba oneodiee swans 
Quad EIA-422/423 Line Receiver ......... 0... cc cece ee eee ee tee ete ee nes 
Dual: Line: Receiver: |. jcc. sci fe as ete tA ewe les da a 
Dual Line: RECEIVER: 226.068 oo ot seed a aaeel edie eae OMI Ce ee eb Wee 
Seven-Channel Line Receivers ......... 0... eee eee tee eene 
Seven-Channel Line Receivers ......... 0... ccc cece ee eee eee eee eee eaee 
Eight-Channel Line Receivers ............. cc eee cece ee eee tee naee 
Eight-Channel Line Receivers ........ 0... cece eee tee eens 
Quad EIA-422A/3 Line Receiver with Three-State Output ...............005 
Quad EIA-422A/3 Line Receiver with Three-State Output .................. 
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Line Drivers 


Device Function Page 
AM26LS30 Dual Differential Quad Single-Ended Line Driver ............. 00.0.0. 0 cues 7-10 
AM26LS31 Quad EIA-422 Line with Three-State Output .......... 0.0... eee 7-21 
MC1488 Quad'(MDUL- Line: Driver sod one's ied Beas eek be eae we ees Od Ha oR 7-48 
MC3453 Qiad: LIne: DIVER sissies cae eds cok oe ea ee a SES On ene ue Mab lee Sw eee 7-90 
MC3481 Quad: Single-Ended Line Driver w.c6eeds Gu ceoaes se eee eee Fe Gales 7-134 
MC3485 Quad Single-Ended Line Driver... . 0.0.0... cece ee eee eens 7-134 
MC3487 Quad EIA-422 Line Driver with Three-State Outputs ..................000- 7-142 
MC3488A Dual ElA-423/232C Drivers. .24 34004 at weet bones Poles cowl eas ween Sees 7-146 
MC75S110 Dial ine Driver ace s06 54 acess ach ele an ohne Hoe eet ee Oe eee 7-173 
SN75172 Quad E!A-485 Line Driver with Three-State Output ..................2.0-- 7-186 
SN75174 Quad EIA-485 Line Driver with Three-State Output .................0. 0085 7-186 


Line Transceivers 


Device Function Page 
MC34050 Dual E!IA-422/423 Transceiver ......... 0. ccc cece eee tee eee eens 7-161 
MC34051 Dual EIA-422/423 Transceiver ......... 0.0 ccc eee tee eee ees 7-161 


Peripheral Drivers 


Device Function 
MC1411,B Peripheral Driver Array 
MC1412,B Peripheral Driver Array 
MC1413,B Peripheral Driver Array 
MC1416,B Peripheral Driver Array 
MC1472 Dual Peripheral Positive NAND Driver ............ 0.0.00 cee eee nee eee 7-45 
ULN2068B Quad 1.5 A Darlington Switch ...... 0.0.0... eet eee ene 7-193 
ULN2074B Quad 1.5 A Darlington Switch .....0..0... 0.0. c cc eee eens 7-197 
ULN2801 Octal Peripheral Driver Array .......... 0.0 ccc cece eee e tenes 7-201 
ULN2802 Octal Peripheral Driver Array ....... 00... ccc cee eee ete eens 7-201 
ULN2803 Octal Peripheral Driver Array ......... 0... cece teenies 7-201 
ULN2804 Octal’Peripheral Driver Array. 4 ice ois aiees aden Hosa de SRNR eae sees 7-201 
RELATED APPLICATION NOTES 

Application Related 
Note Title Device 
AN708A Line Driver and Receiver Considerations .................00: Several 
AN781A Revised Data Interface Standards .............. 00. e eee eee Several 
AN917 Reading and Writing in Floppy Disk Systems Using 

Motorola Integrated Circuits ....... 0.0... cece eee MC3469, MC3470, 


MC3471 
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MOTOROLA 
a SEMICONDUCTOR ooo 
TECHNICAL DATA 


Advance Information 


DUAL DIFFERENTIAL/ 


DUAL DIFFERENTIAL (EIA-422A)/QUAD SINGLE-ENDED QUAD SINGLE-ENDED 
(EIA-423A) LINE DRIVERS LINE DRIVERS 
The AM26LS30 is a low power Schottky set of line drivers which SILICON MONOLITHIC 
can be configured as two differential drivers which comply with INTEGRATED CIRCUIT 


EIA-422-A standards, or as four single-ended drivers which com- 
ply with EIA-423-A standards. A mode select pin and appropriate 
choice of power supplies determine the mode. Each driver can 
source and sink currents in excess of 50 mA. 

In the differential mode (EIA-422-A), the drivers can be used up 
to 10 Mbaud. A disable pin for each driver permits setting the DC SUFFIX 
outputs into a high impedance mode within a + 10 volt common CERAMIC PACKAGE 
mode range. CASE 620 

In the single-ended mode (EiA-423-A), each driver has a slew 
rate control pin which permits setting the slew rate of the output 
signal so as to comply with ElA-423-A and FCC requirements and 
to reduce crosstalk. When operated from symmetrical supplies 
(+5.0 volts), the outputs exhibit zero imbalance. 

The AM26LS30 is available in a 16-pin plastic DIP, a ceramic PC SUFFIX 
package, and a SOIC surface mount package. Ambient operating PLASTIC PACKAGE 
temperature range is — 40° to + 85°C. CASE 648 


@ Operates as Two Differential EIA-422-A Drivers, or Four 
Single-Ended ElA-423-A Drivers 


e@ High Impedance Outputs in Differential Mode 


: : ae A D SUFFIX 
e@ Short Circuit Current Limit in Both Source and Sink Modes PLASTIC PACKAGE 
@ +10 Volts Common Mode Range on High Impedance 16 ae CASE 751B 
Outputs 1 (SO-16) 


@ +15 Volt Range on Inputs 


@ Low Current PNP Inputs Compatible with TTL, CMOS, and 


MOS Outputs 
PIN CONNECTIONS 


@ Individual Output Slew Rate Control in Single-Ended Mode 

@ Operating Ambient Temperature: — 40° to + 85°C 

e@ Available in Three Package Types 2 Output A 
@ Replacement for the AMD AM26LS30 and National Input B/ 


: — 14] Output B 
Semiconductor DS3691 Enable AB 14] Outpu 
Mode 13] SR-B 


BLOCK DIAGRAMS SR-C 


SINGLE-ENDED MODE DIFFERENTIAL MODE 
E1A-423 EIA-422 


Input C/ 
Enable CD Output C 


SR-A Enable AB 3 
Ou tA 
3 sR: B 


(Top View) 


Input A 2 


5 Out B Gites 7 ORDERING INFORMATION 
2 SR- Cc npu 


Ambient 


5 tc eoniesy © Temperature 
Enabl D 
2 sp. D nablee Part No. Range Package Type 
© out D Vec—1 Gnd— 5 AM26LS30PC Plastic DIP 
Vee — 8 Mode — 4 AM26LS30DC | -40° to +85°C | Ceramic DIP 
MC26LS30D SO-16 


This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MAXIMUM RATINGS 


Rating Symbol Value Unit 
mar =f 
Power Supply Voltage Vcc -0.5, +7.0 Vde 
VEE | ~7.0, +0.5 
Input Voltage (All Inputs) de Vin -0.5, +20 Vdc 
Applied Output Voltage Vea +15 Vdc 


(When in High Impedance Mode) 
(Vcc = 5.0 V, Pin 4 = Logic 0, 
Pins 3, 6 = Logic 1) 


Output Voltage with Vcc, VEE = OV V2b L_ +15 Vde 
Output Current lo Self limiting _— 
| Junction Temperature TJ —65, +150 °C 


Devices should not be operated at these limits. The ‘Recommended Operating Conditions” 
provides conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


Characteristic Symbol | Min Unit 
Power Supply Voltage (Differential Mode) Vec | +4.75 Vde 
Vee | -0.5 
L 
Power Supply Voltage (Single-Ended Mode) Vcc +4.75 Vde 
| Vee | ~5.25 
[ Input Voitage (All Inputs) Vin 0 Vdc 


Applied Output Voltage V2a —10 
(when in High Impedance Mode) = 


Applied Output Voltage, Vcc = 0 
Output Current 


Operating Ambient Temperature (See text) 


All limits are not necessarily functional concurrently. 


ELECTRICAL CHARACTERISTICS (E£1A-422-A differential mode, Pin 4 = 0.8 V, — 40°C < Ta < +85°C, 
+4.75 V <= Vcc = +5.25 V, Veg = Gnd, unless otherwise noted.) 


Characteristic 
Output Voltage — Figure 1 
Differential, RE = x, Vcc = 5.25 V Vopbii — 4.2 6.0 Vde 
Differential, Ry = 100 0, Vcc = 4.75 V Nopa! 2.0 2.6 — Vdc 
Change in Differential Voltage*, RL = 100 0 4Vop2! = 10 400 mVdc 
Offset Voltage, Ri = 100 2 Vos a 2.5 3.0 Vde 
Change in Off. 2; = IAVgs| —_ 
9 Offset Voltage*, RL = 100 1) AVos| a4 10 pe li mVdc 
Output Current (each output) 
Power Off Leakage, Vcc = 0, -10V= Vg <= +10V IOLK — 100 0 + 100 uA 
High tmpedance Mode, Vcc = 5.25V, -10V= Vg = +10V 10z — 100 0 +100 uA 
Short Circuit Current (Note 2) 
High Output Shorted to Pin 5 (Ta = 25°C) Isc - ~ 150 ~95 —60 mA 
High Output Shorted to Pin 5 (— 40°C < Ta < +85°C) Isc ~ -— 150 =a — 50 mA 
Low Output Shorted to +6.0 V (Ta = 25°C) ISc+ 60 75 150 mA 
| Low Output Shorted to +6.0 V (—40°C < Ta < + 85°C) : Isc+ | 80 — | 150 il mA | 
Inputs 
Low Level Voltage VIL — = 0.8 Vde 
High Level Voltage VIH 2.0 = — Vde 
Current | Vip = 2.4V NH _~ 0 40 uA 
Current |@ Vin = 15 V HHH _ 0 100 pA 
Current @ Vin = 0.4V WL - 200 —8.0 _— BA 
Current, 0 <= Vin = 15 V, Vcc = 0 x — 0 _ BA 
|__ Clamp Voltage (liq = -- 12 MA) Vik [71.5 — — Vde 
Power Supply Current (Vcc = +5.25 V, Outputs Open) Icc _ 16 30 mA 
(0 = Enable < Vcc) a ee 


*Vin switched from 0.8 to 2.0 volts. 

NOTES: 1. Offset voltages, and input voltages, measured with respect to Pin 5. 
2. Only one output shorted at a time, for not more than 1 second. 
3. Typical values established at + 25°C and +5.0 volt supply. 
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TIMING CHARACTERISTICS (E1A-422-A differential mode, Pin 4 <= 0.8V, Ta = +25°C, Vcc = 5.0 V, 


Vee = Gnd, unless otherwise noted.) 


Characteristic Symbol Min | Typ Max | Unit 
Differential Output Rise Time, Figure 2 tr _ 70 [ 200 ns 
T i pana 
; Differential Output Fall Time, Figure 2 tf | eal 70 { 200 ns 
Propagation Delay Time — Input to Differential Output ns 
Input Low to High, Figure 2 tPDH _ 90 200 
Input High to Low, Figure 2 1 tPDL | amen | 90 200 El 
Skew Timing, Figure 2 mia ns 
|tPDH-tppL| for Each Driver tsk} — 9.0 _— 
Max-Min tppH Within a Package tsK2 = 2.0 _ 
Max-Min tpp_ Within a Package tsk3 = 2.0 = 
Enable Timing, Figure 3 ns 
Enable to Active High Differential Output tPZH — 150 300 
Enable to Active Low Differential Output tPZL —_ 190 350 
Enable to 3-State Output From Active High tPHZ _ 80 350 
Enable to 3-State Output From Active Low tPLz — 110 300 | 
ELECTRICAL CHARACTERISTICS (E1A-423-A single-ended mode, Pin 4 = 2.0 V, ~ 40°C < Ta < +85°C, 
4.75 V < |Vccl, l\VEE| = 5.25 V, unless otherwise noted.) 
Characteristic | Symbol Min | Typ Max Unit 
Output Voltage (Vcc = Veg! = 4.75 V) if Vde 
Single-Ended Voltage, Ry = x, Figure 4 Vol 4.0 4.2 6.0 
Single-Ended Voltage, RL = 450 (2, Figure 4 Vo! 3.6 3.95 6.0 
Voltage Imbalance*, Ry = 450 ‘i |\AVQa| — 0.05 0.4 
Slew Control Current (Pins 16, 13, 12, 9) ISLEW — +120 — |[ BA 
fa - 
Output Current (Each Output) 
Power Off Leakage, Vcc = Veg = 0, ~-6.0V=<Vo< +6.0V IOLK — 100 0 + 100 BA 
Short Circuit Current (Output Short to Ground, Note 2) 
Vin = 0.8 V (Ta = 25°C) Isc + 60 80 150 mA 
Vin = 0.8 V (—40°C < Ty < +85°C) Isc + 50 — 150 mA 
Vin 2 2.0 V (Ta = 25°C) Isc — - 150 —95 —~60 mA 
Vin 2 2.0 V (—40°C < Ta < +85°C) Isc — ~ 150 — —50 mA 
L Ales 
Inputs 
Low Level Voltage VIL — —_ 0.8 Vde 
High Level Voltage VIH 2.0 — — Vde 
Current (@ Vin = 2.4V WH — 0 40 BA 
Current @ Vin = 15V HH — 0 100 BA 
Current (| Vin = 0.4V He — 200 —8.0 — LA 
Current, 0 < Vin = 15 V, Vcc = 0 Ix 3 0 _ pA 
Clamp Voltage (lj, = — 12 mA) VIK -1.5 — — | Vde 
r | t 
Power Supply Current (Outputs Open) icc —_ 17 30 mA 
Vec = 5.25 V, Veg = —5.25V, Vin = 0.4 V IEE ~22 | —2.0 ee 


*Imbalance is the difference between |Vg9| with Vin < 0.8 V and |VQg| with Vin ~ 2.0 V. 
NOTES: 1. All voltages measured with respect to Pin 5. 

2. Only one output shorted at a time, for not more than 1 second. 

3. Typical values established at + 25°C, Vcc = +5.0V, Veg = —5.0V 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-12 


AM26LS30 


TIMING CHARACTERISTICS (E1A-423-A single-ended mode, Pin 4 = 2.0 V, Ta = 25°C, Vcc = +5.0V, 


VEE = ~—5.0 V, unless otherwise noted.) 
Characteristic Symbol Min Typ Max Unit | 
Output Timing 
Output Rise Time, Figure 5, Cc = 0 tr _— 65 300 ns 
Output Fall Time, Figure 5, Cc = 0 te _ 65 300 ns 
Output Rise Time, Figure 5, Cc = 50 pF tr _ 3.0 _ Bus 
Output Fall Time, Figure 5, Cc = 50 pF tf Sia _ is 3.0 piece BS 
Rise Time Coefficient (Figure 15) Cert _ 0.06 — oe 
Propagation Delay Time — Input to Single Ended Output ns 
Input Low to High, Figure 5, Cc = 0 
Input High to Low, Figure 5, Cc = 0 
Skew Timing, Cc = 0, Figure 5 
\tPDH-tPpL| for Each Driver tSk4 = 15 — 
Max-Min tppy Within a Package tsK5 —_ 2.0 — 
Max-Min tpp, Within a Package tSK6 = 5.0 —_ 
TABLE 1 
| Inputs H Outputs 
Operation Vcc | VEE A B Cc D ! A B Cc D 
Differential +5.0 | Gnd | 0 0 0 0 0 0 1 1 #0 
(EIA-422-A) 0 1 0 0 1 1 0 0 1 
0 xX 1 0 1 ZZ 0 1 
0 10 0 0 1 2.0% “Ar 0 
0 0 0 0 1 0 1 0 71 
0 1 0 1 X 102 Z 
Single-Ended | +5.0 | —5.0 1 0 0 0 0 0 0 0 0 
(EIA-423-A) 1 1 0 0 ol]/1 0 0 0 7 
1 0 1 0 #0 0 1 0 =O 
1 0 0 1 0 0 0 1 #0 
1 0 0 0 1 0 0 0 1 
r a ae a 
x 0 Xx x xX X X X Z 2 2 2 
Don’t Care 


x 
Zz 


High Impedance (Off) 


FIGURE 1 — DIFFERENTIAL OUTPUT TEST 


Vin 


(0.8 or 2.0 V) 


Mode = 0 


FIGURE 2 — DIFFERENTIAL MODE RISE/FALL TIME AND DATA PROPAGATION DELAY 


90% 
Output 50% 


10% 


NOTES: 

1. S.G. set to: f = 1.0 MHz; duty cycle = 50%; ty, tf, =10 ns. 

2. tsk1 = ItpDH-tPDL! for each driver. 

3. tsK2 Computed by subtracting the shortest tppH from the longest tppH of the 2 drivers within a package. 
4. tsk3 computed by subtracting the shortest tpp_ from the longest tpp, of the 2 drivers within a package. 
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FIGURE 3 — DIFFERENTIAL MODE ENABLE TIMING 


(Vin = Hi) 
0.5 Vgs/R. 


Output 
Current 


T 
Y 


0.5 Vss/RL 


(Vin = Lo) 


NOTES: 
1. S.G. set to: f = 1.0 MHz; duty cycle = 50%; ty, tf, ~10 ns. 
2. Above tests conducted by monitoring output current levels. 


FIGURE 4 — SINGLE-ENDED OUTPUT TEST 


Vin 
(0.8 or 2.0 V) 


Mode = 1 


FIGURE 5 — SINGLE-ENDED MODE RISE/FALL TIME AND DATA PROPAGATION DELAY 


NOTES: 


1. S.G. set to: f = 100 kHz; duty cycle = 50%; ty, tz, 10 ns. 

2. tsx4 = ItppH-tPDL| for each driver. 

3. t§k5 = computed by subtracting the shortest tppH from the longest tppy of the 4 drivers within a package. 
4. tsk6 = computed by subtracting the shortest tpp, from the longest tpp of the 4 drivers within a package. 
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FIGURE 6 — DIFFERENTIAL OUTPUT VOLTAGE FIGURE 7 — INTERNAL BIAS CURRENT 
versus LOAD CURRENT versus LOAD CURRENT 


Differential Mode 


| | Mode = 0 
Bei 


Differential Mode 
Mode = 0, Vcc = 5.0V 


Vop, OUTPUT VOLTAGE (V) 
lp, BIAS CURRENT (mA) 


Ig, OUTPUT CURRENT (mA) soni LOAD CURRENT (mA) 


FIGURE 8 — SHORT CIRCUIT CURRENT FIGURE 9 — INPUT CURRENT versus INPUT VOLTAGE 
versus OUTPUT VOLTAGE 


——— a 
ie Bass Low Output 

me DG, eazES 
Pe 

Z| 

a a a er Ya 
a a ae a a 
pf Set 
= 


ee a ol aN I ee Differential Mode 
pm Mode = 0, Vcc = 5.0V 


Pins 2-4, 6,7 
—§.0V < VEE <0 
Differential or 
Single-Ended Mode 


Igc, SHORT CIRCUIT CURRENT (mA) 
lin: INPUT CURRENT (2A) 


— 100 25 
0 \, 2.0 3.0 5.0 6.0 —10 0410 +30 +50 +70 +90 +11 +1300 +15 
APPLIED OUTPUT VOLTAGE MI Vin, INPUT VOLTAGE (V) 
FIGURE 10 — OUTPUT VOLTAGE versus FIGURE 11 — OUTPUT VOLTAGE versus 
OUTPUT SOURCE CURRENT OUTPUT SINK CURRENT 


ae 


eae 
(ae eat a a ee 
Single-Ended Mode | | 
Mode = 1 
Vec = = een Vee = —5.0V 


Vox, OUTPUT VOLTAGE (V) 
Vol, OUTPUT VOLTAGE (V) 


lou, OUTPUT CURRENT (mA) IoL, OUTPUT CURRENT (mA} 
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FIGURE 12 — INTERNAL POSITIVE BIAS CURRENT 
versus LOAD CURRENT 


Single-Ended Mode 
Mode = 1 
Vec = 5.0V, Veg = —5.0V 
Supply Current = Bias Current + igy 


IB +, BIAS CURRENT (mA) 


+ 240 + 160 80 0 — 80 — 160 — 240 
loL— —>}< OH 
TOTAL LOAD CURRENT {mA} 
FIGURE 14 — SHORT CIRCUIT CURRENT 
versus OUTPUT VOLTAGE 
+ 100 


ormally Low Output 


Single-Ended Mode 
Mode = 1 
Vcc = 5.0V, Veg = -5.0V 


| 
is 
S 
[oad 
o 


—2.0 
APPLIED OUTPUT VOLTAGE (V) 


+ 2.0 


FIGURE 13 — INTERNAL NEGATIVE BIAS CURRENT 
versus LOAD CURRENT 


5 
= 
E 
KE 
Fra 
c 
= -10 
oO 
” 
=< 
Sl A 
alee 15 Single-Ended Mode 
a Mode = 1 
Voc = 5.0V, Veg = -5.0V 
20 Supply Current = Bias Current + loi 
+ 240 + 160 +80 0 — 80 ~— 160 — 240 
lol: 0H 
TOTAL LOAD CURRENT (mA) 
FIGURE 15 — SHORT CIRCUIT CURRENT 
versus TEMPERATURE 
+110 Tt | a | 
a) 4 tt _t UW 
Normally Low Output 
=z +90 = —t { 
E 
+ 
QO 
2 +70 
Single or Differential Mode 
Voc = 50V, Veg = -5.0V 
+50 
E -% Normally High Output to Ground 
ormally High Output to Groun 
mane 
an 
—110 


0 
Ta. AMBIENT TEMPERATURE (°C) 


+20 +40 


FIGURE 16 — RISE/FALL TIME versus CAPACITANCE 


RISE/FALL TIME (2s) 


Isc, SHORT CIRCUIT CURRENT (mA) 


Cc, CAPACITANCE (pF) 
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APPLICATIONS INFORMATION 


Description 

The AM26LS30 is a dual function line driver — it can 
be configured as two differential output drivers which 
comply with EIA-422-A standard, or as four single- 
ended drivers which comply with E!A-423-A standard. 
The mode of operation is selected with the Mode pin 
(Pin 4) and appropriate power supplies (see Table 1). 
Each of the four outputs is capable of sourcing and 
sinking 60 to 70 mA while providing sufficient voltage 
to ensure proper data transmission. 

As differential drivers, data rates to 10 Mbaud can be 
transmitted over a twisted pair for a distance deter- 
mined by the cable characteristics. EIA-422-A standard 
provides guidelines for cable length versus data rate. 
The advantage of a differential (balanced) system over 
a single-ended system is greater noise immunity, com- 
mon mode rejection, and higher data rates. 

Where extraneous noise sources are not a problem, 
the AM26LS30 may be configured as single-ended driv- 
ers transmitting data rates to 100 kbaud. Crosstalk 
among wires within a cable is controlled by the use of 
the slew rate control pins on the AM26LS30. 


Mode Selection 
(Differential Mode) 

In this mode (Pins 4 and 8 at ground), only a +5.0 V 
supply +5% is required at Vcc. Pins 2 and 7 are the 
driver inputs, while Pins 10, 11, 14 and 15 are the outputs 
(see the Block Diagram). The two outputs of a driver are 
always complementary and the differential voltage 
available at each pair of outputs is shown in Figure 6 
for Vcc = 5.0 volts. The differential output voltage will 
vary directly with Vcc. A “High’’ output can only source 
current, while a ‘Low’ output can only sink current 
(except for short circuit current — see Figure 8). 

The two outputs will be in a high impedance mode 
when the respective Enable input (Pin 3 or 6) is high, 
or if Vcc = 1.1 volts. Output leakage current over a 
common mode range of +10 V is typically less than 
1.0 pA. 

The outputs have short circuit current limiting typi- 
cally less than 100 mA over a voltage range of 0 to 
+6.0V (see Figure 8). Short circuits should not be 
allowed to last indefinitely as the IC may be damaged. 

Pins 9, 12, 13, and 16 are normally not used when in 
this mode, and should be left open. 


(Single-Ended Mode) 

In this mode (Pin 4 =2.0 V) Vcc requires +5.0 V, and 
VEE requires —5.0 V, both +5%. Pins 2, 3, 6, and 7 are 
inputs for the four drivers, and Pins 15, 14, 11, and 10 
(respectively) are the outputs. The four drivers are inde- 
pendent of each other, and each output will be at a 
positive or a negative voltage depending on its input 
state, the load current, and the supply voltage. Figures 
10 and 11 indicate the high and low output voltages for 
Vcc = 5.0 V, and Veg = —5.0 V. The graph of Figure 
10 will vary directly with Vcc, and the graph of Figure 
11 will vary directly with Veg. A “High” output can only 


source Current, while a ‘Low’ output can only sink cur- 
rent (except short circuit current — see Figure 14). 

The outputs will be in a high impedance mode only 
if Vcc <1.1 V. Changing V_eg to 0 volts does not set the 
outputs to a high impedance mode. Leakage current 
over a common mode range of +10 voits is typically 
less than 1.0 pA. 

The outputs have short circuit current limiting typi- 
cally less than 100 mA over a voltage range of +6.0 V 
(see Figure 14). Short circuits should not be allowed to 
last idefinitely as the IC may be damaged. 

Capacitors connected between Pins 9, 12, 13, and 16 
and their respective outputs will provide slew rate lim- 
iting of the output transition. Figure 16 indicates the 
required capacitor value to obtain a desired rise or fall 
time (measured between the 10% and 90% points). The 
positive and negative transition times will be within 
= +5% of each other. Each output may be set to a dif- 
ferent slew rate if desired. 


Inputs 

The five inputs determine the state of the outputs in 
accordance with Table 1. All inputs (regardless of the 
operating mode) have a nominal threshold of +1.3 V, 
and their voltage must be kept within the range of 0 V 
to +15 V for proper operation. If an input is taken more 
than 0.3 V below ground, excessive currents will flow, 
and the proper operation of the drivers will be affected. 
An open pin is equivalent to a logic high, but good 
design practices dictate that inputs should never be left 
open. Unused inputs should be connected to ground. 
The characteristics of the inputs are shown in Figure 9. 


Power Supplies 

Vcc requires +5.0 V, +5%, regardless of the mode 
of operation. The suppty current is determined by the 
IC's internal bias requirements, and the total load cur- 
rent. The internally required current is a function of the 
load current and is shown in Figure 7 for the differential 
mode. 

In the single-ended mode, Veg must be —5.0 V, +5% 
in order to comply with EIA-423-A standards. Figures 
12 and 13 indicate the internally required bias currents 
as a function of total load current (the sum of the four 
output loads). The discontinuity at 0 load current exists 
due to a change in bias current when the inputs are 
switched. The supply currents vary ~+2.0 mA as Vcc 
and V_eg are varied from |4.75 Vj to [5.25 Vj. 

Sequencing of the supplies during power-up/power- 
down is not required. 

Bypass capacitors (0.1 ~7F minimum on each supply 
pin) are recommended to ensure proper operation. 
Capacitors reduce noise induced onto the supply lines 
by the switching action of the drivers, particularly where 
long P.C. board tracks are involved. Additionally, the 
capacitors help absorb transients induced onto the driv- 
ers’ outputs from the external cabie (from ESD, motor 
noise, nearby computers, etc.). 
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Operating Temperature Range 

The maximum ambient operating temperature, listed 
as + 85°C, is actually a function of the system use, i.e., 
specifically how many drivers within a package are 
used, and at what current levels they are operating. The 
maximum power which may be dissipated within the 
package is determined by: 


TJmax — TA 
PpMex = 
as Rasa 
where: RgJjA = the package thermal resistance which 
is typically: 


67°C/W for the DIP (PC) package 
100°C/W for the ceramic (DC) package 
120°C/W for the SOIC (D) package 
TJmax = the maximum allowable junction 
temperature (150°C) 
Ta = the ambient air temperature near the IC 
package 


1. Differential Mode Power Dissipation 

For the differential mode, the power dissipated within 
the package is calculated from: 
Pp = ((Vcc-—Vop) x lo] each driver + 

(Vcc x Ip) 
Vec = the supply voltage 
Vop = is taken from Figure 6 for the known 
value of Ig 

lg = the internal bias current (Figure 7) 
As indicated in the equation, the first term (in brackets) 
must be calculated and summed for each of the two 
drivers, while the last term is common to the entire 
package. Note that the term (Vcc — Vop) is constant for 
a given value of Ig and does not vary with Vcc. For an 
application involving the following conditions: 

Ta = +85°C, lo = 60 mA (each driver), Vcc = 5.25 V, 
the suitability of the various package types is calculated 
as follows: 


where: 


The power dissipated is: 
Pp = [3.0 V x 60 mA x 2] + (5.25 V x 18 mA) 
Pp = 454 mw 


The junction temperature calculates to: 
Ty = 85°C + (0.454 W x 67°C/W) = 115°C for the DIP 
package, 
Ty = 85°C + (0.454 W x 100°C/W) 
ceramic package, 
Ty = 85°C + (0.454 W x 120°C/W) = 
SOIC package. 


130°C for the 


i 


139°C for the 


Since the maximum allowable junction temperature 
is not exceeded in any of the above cases, any of the 
packages can be used in this application. 


2. Single-Ended Mode Power Dissipation 
For the single-ended mode, the power dissipated 
within the package is calculated from: 
Pp = (IB+ x Vcc) + (IB— x Veg) + 
[{lo x (Vec - VOH)] each driver 


The above equation assumes Ig has the same mag- 
nitude for both output states, and makes use of the fact 
that the absolute value of the graphs of Figures 10 and 
11 are nearly identical. lp 4 and Ig — are obtained from 
the right half of Figures 12 and 13, and (Vcc — Voy) can 
be obtained from Figure 10. Note that the term 
(Vcc - VOH) is constant for a given value of Iq and does 
not vary with Vcc. For an application involving the fol- 
lowing conditions: 

Ta = +85°C, lq = ~60 mA (each driver), 
Vcc = 5.25 V, Veg = —5.25 V, the suitability of the var- 
ious package types is calculated as follows: 


The power dissipated is: 
Pp = (24 mA x 5.25 V) + (-3 MAx —5.25 V) + 
(60 mA x 1.45 V x 4) 
Pp = 490 mw 


The junction temperature calculates to: 
Ty = 85°C + (0.490 W x 67°C/W) = 118°C for the DIP 
package 


Ty = 85°C + (0.490 W x 100°C/W) = 134°C for the 
Ceramic package 
Ty = 85°C + (0.490 W x 120°C/W) = 144°C for the 


SOIC package 


Since the maximum allowable junction temperature 
is not exceeded in any of the above cases, any of the 
packages can be used in this application. 
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SYSTEM EXAMPLES 


Differential System 


An example of a typical ElIA-422-A system is shown 
in Figure 17. Although ElIA-422-A does not specifically 
address multiple driver situations, the AM26LS30 can 
be used in this manner since the outputs can be put 
into a high impedance mode. It is, however, the system 
designer's responsibility to ensure the Enable pins are 
properly controlled so as to prevent two drivers on the 
same cable from being ‘‘on” at the same time. 

The limit on the number of receivers and drivers 
which may be connected on one system is determined 
by the input current of each receiver, the maximum 
leakage current of each ‘‘off’ driver, and the DC current 
through each terminating resistor. The sum of these 
currents must not exceed the capability of the ‘‘on” 
driver (~60 mA). If the cable is of any significant length, 
with receivers at various points along its length, the 
common mode voltage may vary along its length, and 
this parameter must be considered when calculating the 
maximum driver current. 

The cable requirements are defined not only by its 
AC characteristics and the data rate, but also by its DC 
resistance. The maximum resistance must be such that 
the minimum voltage across any receiver inputs is 
never less than 200 mV. 

The ground terminals of each driver and receiver in 
Figure 17 must be connected together by a dedicated 
wire (or the shield) in the cable so as to provide a com- 
mon reference. Chassis grounds or power line grounds 
should not be relied on for this common connection as 
they may generate significant common mode differ- 
ences. Additionally, they usually do not provide a suf- 
ficiently low impedance at the frequencies of interest. 


Single-Ended System 


An example of a typical ElA-423-A system is shown 
in Figure 18. Multiple drivers on a single data line is not 
possible since the drivers cannot be put into a high 
impedance mode. Although each driver is shown con- 
nected to a single receiver, multiple receivers can be 
driven from a single driver as long as the total load 
current of the receivers and the terminating resistor 
does not exceed the capability of the driver (~60 mA). 
If the cable is of any significant length, with receivers 
at various points along its length, the common mode 
voltage may vary along its length, and this parameter 
must be considered when calculating the maximum 
driver current. 

The cable requirements are defined not only by its 
AC characteristics and the data rate, but also by its DC 
resistance. The maximum resistance must be such that 
the minimum voltage across any receiver inputs is 
never less than 200 mV. 


The ground terminals of each driver and receiver in 
Figure 18 must be connected together by a dedicated 
wire (or the shield) in the cable so as to provide a com- 
mon reference. Chassis grounds or power line grounds 
should not be relied on for this common connection as 
they may generate significant common mode differ- 
ences. Additionally, they usually do not provide a suf- 
ficiently low impedance for the frequencies of interest. 


Additional Modes of Operation 

If compliance with EIA-422-A or ElA-423-A standard 
is not required in a particular application, the AM26LS30 
can be operated in two other modes. 

A) The device may be operated in the differential 
mode (Pin 4 = 0) with Veg connected to any voltage 
between ground and —5.25 V. Outputs in the low state 
will be referenced to V_Ef, resulting in a differential out- 
put voltage greater than that shown in Figure 6. The 
Enable pins will operate the same as previously 
described. 

B) The device may be operated in the single-ended 
mode (Pin 4 = 1) with Veg connected to any voltage 
between ground and — 5.25 V. Outputs in the high state 
will be at a voltage as shown in Figure 10, while outputs 
in a low state will be referenced to Veg. 


Termination Resistors 

Transmission line theory states that, in order to pre- 
serve the shape and integrity of a waveform traveling 
along a cable, the cable must be terminated in an imped- 
ance equal to its characteristic impedance. In a system 
such as that depicted in Figure 17, in which data can 
travel in both directions, both physical ends of the cable 
must be terminated. Stubs leading to each receiver and 
driver should be as short as possible. 

In a system such as that depicted in Figure 18, in 
which data normally travels in one direction only, a ter- 
minator is theoretically required only at the receiving 
end of the cable. However, if the cable is in a location 
where noise spikes of several volts can be induced onto 
it, then a terminator (preferably a series resistor) should 
be placed at the driver end to prevent damage to the 
driver. 

Leaving off the terminations will generally result in 
reflections which can have amplitudes of several volts 
above Vcc or several volts below ground or Veg. These 
overshoots/undershoots can disrupt the driver and/or 
receiver, create false data, and in some cases, damage 
components on the bus. 
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FIGURE 17 — EIA-422-A EXAMPLE 


meal 


EN 


TTL s1 
ae EN Twisted 
: Pair 
TTL <j 


Terminating resistors Ry should be located at the physical ends of the cable. 
Stubs should be as short as possible. 

Receivers = AM26LS32, MC3486, MC75173 or MC75175. 

Circuit grounds must be connected together through a dedicated wire. 


FIGURE 18 — EIA-423-A EXAMPLE 


AM26LS30 AM26LS32, MC3486, 
MC75173, or MC75175 
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TECHNICAL DATA 


QUAD LINE DRIVER WITH NAND ENABLED 
THREE-STATE OUTPUTS 


The Motorola AM26LS31 is a quad differential line driver 
intended for digital data transmission over balanced lines. It meets 
all the requirements of EIA-422 Standard and Federal Standard 
1020. 

The AM26LS31 provides an enable/disable function common 
to all four drivers as opposed to the split enables on the MC3487 
EIA-422 driver. 

The high impedance output state is assured during power 
down. 

Full EIA-422 Standard Compliance 

Single +5.0 V Supply 

Meets Full Vo = 6.0 V, Vcc = 0 V, Ig < 100 nA Requirement 
Output Short Circuit Protection 

Complementary Outputs for Balanced Line Operation 

High Output Drive Capability 

Advanced LS Processing 

PNP Inputs for MOS Compatibility 


DRIVER BLOCK DIAGRAM 


Non-inverting 


Inverting 


Enable 
Output 
Controls 


Enable 


TRUTH TABLE 


Non-Inverting inverting 
Output Output 
H L 
L H 
Zz Zz 
X = Irrelevant 
Z = Third-State (High Impedance) 


Control 


H 

L 

Xx 
L = Low Logic State 
H = High Logic State 


*Note that the surface mount MC26LS31D devices use the same die as in the ceramic and plastic 
DIP AM26LS31DC devices, but with an MC prefix to prevent confusion with the package suffixes. 


QUAD EIA-422 LINE DRIVER 
WITH THREE-STATE OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


1 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751B 
(SO-16) 


1 


PIN CONNECTIONS 


DC SUFFIX 
CERAMIC PACKAGE 
CASE 620 


16 1 7 


PC SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Enable 


Enable 
Outputs B 


tout Cc 


Input C 


ORDERING INFORMATION 


Temperature 


Device Range Package 
AM26LS31DC Ceramic DIP 
AM26LS31PC 0 to 70°C Plastic DIP 


MC26LS31D* 
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MAXIMUM RATINGS 


L Rating z Symbol Value Unit 
Power Supply Voltage Vcc 8.0 Vde 
i ut Voltage 7 Vv 5.5 ic Vde 
Pp g I 
Operating Ambient Temperature Range dL. TA °C 
Operating Junction Temperature Range °c 
Ceramic Package 


Plastic Package 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply 4.75 V < Vcc < 5.25 V and 0°C < Ty < 70°C. 
Typical values measured at Vcc = 5.0 V, and Ta = 25°C.) 


—tT 
Characteristic Symbol Min L Typ Max Unit 
Input Voltage — Low Logic State VIL — | _ i 0.8 | Vdc | 
Input Voltage — High Logic State VIH 2.0 i _ + _— it Vde 
Input Current — Low Logic State Ne = _ — 360 BA | 
hes (Vi_ = 0.4 V) | cas LL + n 
Input Current — High Logic State NH BA 
(Vi = 2.7 V) — _ +20 
(Viq = 7.0 V} — — +100 
r a ci rv 
Input Clamp Voltage VIK —_ — —1.5 Vv 
(ly = —18 mA) ia V, le 4+— a! 
Output Voltage — Low Logic State VOL _— — 0.5 Vv 
| “On = 20 mA) ste ct. Sh hy 4 
Output Voltage — High Logic State VOH 2.5 — — Vv 
(lo = —20 mA) 
ae = — a a - 
Output Short Circuit Current los —30 —_— — 150 mA 
(Vin, = 2.0 V) Note 1 + al 
Output Leakage Current — Hi-Z State Q(z) = BA ai 
(VoL = 0.5 V, VIL(E) = 0.8 V, VIH(E) = 2.0 V) — — —20 
(VOH = 2.5 V, VIL(E) = 0.8 V, VIH(E) = 2.0 V) | ee ee ee ee | 
Output Leakage Current — Power OFF lO(off) BA 
(VOH = 6.0 V, Vcc = 0 V) — —_ +100 
(VoL = —0.25 V, Vcc = 0 V) — — — 100 
BOUIeY Offset Voltage Difference, Note 2 Vos-Vos ae | _ +0.4 | Vv a 
L Output Differential Voltage, Note 2 VoD 2.0 ae — _ = Vv = 
Output Differential Voltage Difference, Note 2 |AVop! | — — +0.4 Vv 
-——_———_— ia - —— 
Power Supply Current lccex — 60 80 mA 
| _ (Output Disabled) Note 3 IL 
1. Only one output may be shorted at a time. 
2. See EIA Specification EIA-422 for exact test conditions. 
3. Circuit in three-state condition. 
SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 
rai 
Characteristic Symbol Min <il Typ Max Unit 
Propagation Delay Times ns 
High to Low Output tPHL — — 20 


Low to High Output 
Output Skew 


Propagation Delay — Control to Output 


(CL = 10 pF, Ry = 75 9 to Gnd) tPHZ(E) a = 30 
(CL = 10 pF, RL = 180 9 to Vcc) tPLZ(E) = = 35 
(CL = 30 pF, RL = 75 © to Gnd) tPZH(E) ee as 40 
(CL = 30 pF, RL = 180 2 to Vcc) (PZ Ns 46 
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FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT AND WAVEFORMS 


3.0 V or Gnd 


To Scope 
To Scope (input) Input 


Output 


Pulse generator characteristics 
Z59= 502 
PRR < 1.0 MHz 
50% Duty Cycle 


Open for tp214(—) Test Only 


Non-iInv 
Output 


Enable 


tTLH: tTTHL <6 ns 


Pulse 75 = 
Generator 
Ry, — See Test Table 
=e Cy includes Probe and Jig Capacitance. See Test Table 
3.0 V 3.0V 
cnt 13aV Control 
nput Input 
(Enable) fe) (Enable) 0 
tPZL(E) 
tPHZ(E) 
= a can VOH Output 
O5 Vv VoL 
Output — 
Ov 
o1.5V tPZH(E) 
VOH 
=1.5V 
TPLZ(E) Output 
Output O.5vV 
Ov 
VoL 
ov 


FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO 
OUTPUT WAVEFORMS AND TEST CIRCUIT 


Scope 
(Output) 5.0Vv 


Scope 


(Input) ny 


Output 
200 


Pulse 
Generator 


Pulse generator characteristics 
29 = 500 
PRR < 1.0 MHz 
50% Outy Cycle 


Non-inv 


Output 75 


C__ Includes Probe and Jig Capacitance 
ITLH: tTHL S 6 ns 3.0 V 


Input 


Output 


t 
'PLH ~~ i me PHL 


Output 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-23 


MOTOROLA 
m@ SEMICONDUCTOR ey 


TECHNICAL DATA 
QUAD EIA-422/423 LINE RECEIVER QUAD EIA-422/3 LINE RECEIVER 
: ; WITH THREE-STATE 
Motorola’s Quad EIA-422/3 Receiver features four independent OUTPUTS 


receiver chains which comply with EIA Standards for the Electrical 
Characteristics of Balanced/Unbalanced Voltage Digital Interface 
Circuits. Receiver outputs are 74LS compatible, three-state struc- 
tures which are forced to a high impedance state when Pin 4 is 
a Logic “0” and Pin 12 is a Logic 1." A PNP device buffers each 
output contro! pin to assure minimum loading for either Logic 
“1” or Logic “0” inputs. In addition, each receiver chain has inter- 
nal hysteresis circuitry to improve noise margin and discourage 
output instability for slowly changing input waveforms. A sum- 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


mary of AM26LS32 features include: DC SUFFIX 
CERAMIC PACKAGE 
@ Four Independent Receiver Chains CASE 620 


@ Three-State Outputs 
@ High Impedance Output Control Inputs 


(PIA Compatible) D SUFFIX 

@ Internal Hysteresis — 30 mV (Typ) @ Zero Volts Common Mode PLASTIC PACKAGE we 

‘ie CASE 751B 16 ae 

@ Fast Propagation Times — 25 ns (Typ) (SO-16) 1 

@ TTL Compatible 

® Single 5 V Supply Voltage 

@ Fail-Safe Input-Output Relationship. Output Always High When PC SUFFIX 
Inputs Are Open, Terminated or Shorted PLASTIC PACKAGE 

@ 6 k Minimum Input Impedance Cr oe 


PIN CONNECTIONS 
RECEIVER CHAIN BLOCK DIAGRAM 


Three-State 
Differential Control 
Inputs 


Outputs af 


3-State 
Control 


3] 3-State 
Control 


ORDERING INFORMATION 


0 to 70°C 


*Note that the surface mount MC26LS32D devices use the same die as in the ceramic and plastic 
DIP AM26LS32DC devices, but with an MC prefix to prevent confusion with the package suffixes. 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-24 


AM26LS32 


MAXIMUM RATINGS 


ee 
[Power Suppy vores SY |_| 
Acc 
A 


Operating Junction Temperature 


Ceramic Package 
Plastic Package 


[va [Uni 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted minimum and maximum limits apply over recommended temperature 
and power supply voltage ranges. Typical values are for Ta = 25°C, Vcc = 5.0 V and Vic = OV. 
See Note 1.) 


Characteristic 


Input Voltage — High Logic State 
(Three-State Control) 
Input Voltage — Low Logic State 
(Three-State Control) 
Differential Input Threshold Voltage (Note 2) 
(-7.0V <Vic = 7.0 V, Vi = 2.0 V) 
(lo = —0.4 mA, Von 2 2.7 V) 
(lo = 8.0 mA, VoL = 0.45 V) 
Input Bias Current 
(Vcc = 0 V or 5.25) (Other Inputs at - 15 V < Vin < +15 V) 
Vin = +15V 
Vin = —15V 
i 60K 
Input Balance and Output Level 
(~7.0V < Vic < 7.0V, Vin = 2.0V, 
See Note 3) 
(Iq = -0.4 mA, Vip = 0.4 V) 


(lo = 8.0 mA, Vio =-0.4 Vv) 
Output Third State Leakage Current 
(Vio) = +3.0V, ViL = 0.8V, Vo 
(Vip) = —3.0V, Vit = 0.8V, Vo 
Output Short Circuit Current 
(ViI(D) = 3.0 V, Vi = 2.0 V, Vo = 
See Note 4) 


input Current — Low Logic State 
(Three-State Control) 
(Vip = 0.4 V) 
Input Current — High Logic State 
(Three-State Control) 
(Vin = 2.7 V) 
(ViH_ = 5.5 V) 
Input Clamp Diode Voltage 
(Three-State Control) 
(lc = — 18 mA) 
Power Supply Current 
(Vip = 0 V) (All Inputs Grounded) 


NOTES: 
1. All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 
2. Differential input threshold voltage and guaranteed output levels are done simultaneously for worst case. 
3. Refer to ElA-422/3 for exact conditions. Input balance and guaranteed output levels are done simultaneously for worst case. 
4. Only one output at a time should be shorted. 
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SWITCHING CHARACTERISTICS (Uniess otherwise noted, Vcc = 5.0 V and Ta = 25°C) 


Characteristic 


Propagation Delay Time — Differential 
Inputs to Output 
(Output High to Low) tPHL(D) 
(Output Low to High) 


Propagation Delay Time — Three-State 
Control to Output 
{Output Low to Third State) 
(Output High to Third State) 
(Output Third State to High) 
(Output Third State to Low) 


SWITCHING TEST CIRCUIT AND WAVE FOR 
FIGURE 1 - PROPAGATION DELAY DIFFERENTIAL INPUT TO OUTPUT 


To Scope To Scope 
(Input) (Output) +2.5V 


Input 
-25V ~/+----- 


Differential tPLH(D) 'PHL(D) 
Inputs CL = 15 pF VOH 
Pulse (Includes Probe VoL Output #1.3V 1.3V 
Generator and Stray Oov- = 
Capacitance) Input Pulse Characteristics 


tTLH = tTHL ~ 6.0 ns (10% to 90%) 


= 1.0MH %X t 1 
OV +2.0V 3-State Control as ep PEGE 


FIGURE 2 ~— PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT 


Input Pulse Characteristics To Scope 
tTLH = tTHL = 6.0 ns (10% to 90%) (Input) 3-State 
PRR ~ 1.0 MHz, 50% Duty Cycle Control WeSeope 
(Output) 
Pulse 
Generator 
zor 8! 4s6ov 
+ 1.5 V for tpyz and tpzH | +4 WV —@ 
— 1.5 V for tp_z and tpzi Differential 
Inputs CL = 15 pF 5.0k All Diodes 1N916 or 
(Includes i Equivalent 
Probe and Stray _L 
c it S 
apacitance) {sw 
tpLz tpHz 
3.0V 3.0 V 
Input 1.5V Input 1.5V SWI Closed 
OV -— SW1 Closed Ov -- SW2 Closed 
tp_z  SW2 Closed tPHZ 
=1.3V ae VOH 0.5V 
Output 0.5V Output 
Vv . =1.3V 
OL Se eo OV 1.3 -OV 
t ‘pz 
PZH 


3.0V 3.0V 
Input 1.5V  SW1 Open input 1.5V a Closed 
ON $W2 Closed ov-- W2 Open 
tPZH tP2L 
VOH =5.0V — Vee 
Output . Output 1.5V 
ov --—— VoL 
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TECHNICAL DATA 


QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the —48 mA driver and —20 mA receiver out- 
puts are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 uA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

The MC8T26A is identical to the NE8T26A and it operates from 
a single +5 V supply. 


High }mpedance Inputs 

Single Power Supply 

High Speed Schottky Technology 
Three-State Drivers and Receivers 


Compatible with M6800 Family Microprocessor 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Ciock) 
GND+5V 1 92 


M6800 
MPU 


MC8T26A/MC6880 
BUS EXTENDER 


MC8T95/MC6885 


thru 
MC8T98/MC6888 
BUS EXTENDER 


MC6830 
ADDRESS ROMs 


AND 


BUS 


MC6850 
ACIAs 


Peer | 
MC6860 


MC8T26A 


(MC6880A) 


QUAD THREE-STATE 
BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS — MC8T26A 
(MC6880A) 


| 
Receiver 


Enable 16| Voc 


input 


Recewver Driver 
Output [2 | <I Enable 
Input 


Receiver 
18 Output 
Driver 4 
Input 13] Bus 4 
1 
Receiver Driver 
Output 12] Input 
2 4 


Receiver 
Bus 2 11} Output 
3 


Driver 
Input 
2 


Gnd |8 


ORDERING INFORMATION 


Temperature 
Device Alternate Range Package 
MC8T26AL | MC6880AL 
Oto +75C 
MC8T26AP | MC6880AP Plastic DIP 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 
Cc, ee Oc CC 
ena Wag ee fof 
1 
J 
A 


°C 
175 
Plastic Package 150 


Vv 
vV 
; 


Junction Temperature 


Ceramic Package 


Characteristic 


Input Current — Low Logic State 


(Receiver Enable Input, Vit (RE) = 0.4 V) LORE) 
(Driver Enable Input, Vi_(pE) = 0.4 V) NL(DE) 
(Driver Input, Vit (p) = 0.4 V) ILD) 


(Bus (Receiver) Input, Vii(g) = 0.4 V) 


Input Disabled Current — Low Logic State 
(Driver Input, Vi_(p) = 0.4 V) 


Input Current-High Logic State 


(Receiver Enable Input, Viy(Re) = 5.25 V) 'iH(RE) 
(Driver Enable Input, Vj y(pE).< 5.25 V) NH(DE) 
(Driver Input, Viy(p) = 5.25 V) NH(D) 
(Receiver Input, VjH(g) = 5.25 V) 'IH(B) 


Input Voltage — Low Logic State 


{Receiver Enable Input) VIL(RE) 
(Driver Enable Input VIL(DE) 
(Driver Input} ViIL(D) 


(Receiver Input) ViL(B} 


Input Voltage — High Logic State 


(Receiver Enable Input) VIH(RE) 
(Driver Enable Input) VIH(DE) 
(Driver tnput) VIH{D) 
(Receiver Input) ViH(B) 


Output Voltage — Low Logic State 
(Bus Driver) Output, IoL(p) = 48 mA) 
(Receiver Output, Io_(R) = 20 mA) 


VOL (B) 
VOLIR) 
VOH(B) 
VOH(R) 


'OHL(B) 
'OHL(R) 


Output Voltage — High Logic State 
(Bus (Driver) Output, |oH(p) = -10 mA) 
(Receiver Output, 1oH(R} = —2.0 mA) 

(Receiver Output, |IOH(R) = ~100 HA, Vcc = 5.0 V) 


Output Disabled Leakage Current ~— High Logic State 
(Bus Driver) Output, VoH(p) = 2.4 V) 
(Receiver Output, VOH(R) = 2.4 V) 


Output Disabled Leakage Current — Low Logic State 
(Bus Output, VoL (B) = 0.5 V) 
(Receiver Output, Vo_(R) = 0.5 V) 


TOLL (B) 
'OLLIR) 


Input Clamp Voltage 
(Driver Enable Input 1jp(pE) = —12 mA) 
(Receiver Enable Input lic(REe) = +12 mA) 
(Driver Input l}c(p) = —12 mA) 
Output Short Circuit Current, Vcc = 5.25 V, Note 1 
(Bus (Driver) Output) 

(Receiver Output) los(R) 


Power Supply Current 
(Vec = 5.25 V) 


Note 1. Only one output may be short-circuited at a time. 


VIC(DE) 
VIC(RE} 
ViC{D) 
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SWITCHING CHARACTERISTICS (Unless otherwise noted, specifications apply at Ta = 25°C and Vcc = 5.0 V) 


Characteristic | Symbol | 


Propagation Delay Time from Receiver (Bus) Input to tPHL(R) 
Low Logic State Receiver Output 

Propagation Delay Time from Driver Input to tPLH(D) 
High Logic State Driver (Bus) Output 


Propagation Delay Time from Driver Input to tPHL(D) 
Low Logic State Driver (Bus} Output 


Propagation Delay Time from Receiver Enable Input to tPLZ(RE) 
High impedance (Open) Logic State Receiver Output 
Propagation Delay Time from Receiver Enable Input to tpZL(RE) 
Low Logic Level Receiver Output 
tPLZ(DE) 


Propagation Delay Time from Driver Enable Input to tPZL(DE) 
Low Logic State Driver (Bus) Output 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tp_y(R) AND tpHL(R) 


tTLH = 5.0ns trHy <= 5.0 ns 


2.6V 


Input 1.5V 
. 10% 
ov 


tPHL(R) TPLH(R) 
VOH 


Input Pulse Frequency = 10 MHz 
Duty Cycle = 50% 


Output 


VoL 


To Scope Receiver To Scope 


(Input) Enable (Input) 
Input 


Receiver 1N916 


Receiver (B i 
eceiver (Bus) Output or Equiv. 


Input 


Driver 
Input 
Pulse 


Driver 
Generator 


Enable 
Input 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-29 


MC8T26A 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tpLH(p) AND tpHL(D) 


tTLH < 5.0 ns 


2.6V 
Input 


Output 


To Scope 
(Input) 


Driver 
Input 


Receiver 
Output 


Receiver 
Enable 


Pulse 
Generator 


tTHL <5.0ns 


tPLH(D) 


To Scope 
(Output) 


Driver 
(Bus) 
Output 


Input Pulse Frequency = 10 MHz 
Duty Cycle = 50% 


FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp_z(RE) AND tpzt(RE) 


TTLH < 5.0 ns 


tPLZ(RE) 
=3.5V 


Output 
Vot 


To Scope 


(Input) Receiver Enable 


Pulse 
Generator 


Oriver Enable 


tpZL(RE) 


To Scope 
(Output) 


Receiver 
Output 


Input Pulse Frequency = 5.0 MHz 
Duty Cycle = 50% 
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MC8T26A 


FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tp_z(pE) AND tpZL(DE) 


tTHL S 5.0ns 


90% 


10% Input Pulse Frequency = 5.0 MHz 


: Duty Cycle = 50% 
PZL(DE) tPLZ(DE) 
23.5 V 


Output 


VoL 


5.0 Vv 
To Scope 


Driver Enable (Output) 
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Driver 
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Driver (Bus) 
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Receiver Output 
Generator Output 
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Enable 
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FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS 


Receiver 
Outputs 


Receiver 
Outputs 


Driver Driver 
inputs 


Inputs 


Oriver 


Receiver 
Enable Enable To Other 


Drivers/ Receivers 


Driver Receiver 
Enable Enable 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-31 


MOTOROLA 


=a SEMICONDUCTOR xox 
TECHNICAL DATA 


NONINVERTING 
QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent 
MOS or MPU compatibility, due to its high impedance PNP tran- 
sistor input, and high-speed operation made possible by the use 
of Schottky diode clamping. Both the —48 mA driver and — 20 
mA receiver outputs are short circuit protected and employ three- 
state enabling inputs. 

The device is useful as a bus extender in systems employing 
the M6800 family or other comparable MPU devices. The maxi- 
mum input current of 200 uA at any of the device input pins 
assures proper operation despite the limited drive capability of 
the MPU chip. The inputs are also protected with Schottky-barrier 
diode clamps to suppress excessive undershoot voltages. 

Propagation delay times for the driver portion are 17 ns max- 
imum while the receiver portion runs 17 ns. The MC8T28 is iden- 
tical to the NE8T28 and it operates from a single +5 V supply. 
High Impedance Inputs 
Single Power Supply 
High Speed Schottky Technology 
Three-State Drivers and Receivers 
Compatible with M6800 Family Microprocessor 
Non-Inverting 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GND+5 V 1 62 


dace MC6885 


ru 
MC8T98/MC6888 
BUS EXTENDER 


ADDRESS 
AND 
CONTROL 
BUS 


MC6850 
ACIAs 


MC6860 aa 
MODEM 


MC8T28 


(MC6889) 


NONINVERTING 
BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 


i 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 
16 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS — MC8T28 
(MC6889) 


Receiver 


Driver 


112] Input 


Driver 
input 


ORDERING INFORMATION 


Temperature 
Device Alternate Range Package 


MC8T28P_ | MC6889P 


MC8T28L | MC6889L Ceramic DIP 
0 to +75°C 
Plastic DIP 
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MC8T28 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 
a a 


Power Supply Voltage 


v 
Junction Temperature Ty 
Ceramic Package 

Plastic Package 
Operating Ambient Temperature Range 
Storage Temperature Range 


Characteristic 
Input Current — Low Logic State 
(Receiver Enable Input, Vi_ (Re) = 0.4 V) WL(RE) 
(Driver Enable Input, Vii (pe) = 0.4 V) NL(DE) 
(Driver Input, Vit¢p) = 0.4 V) NLD) 
(Bus (Receiver) Input, Vj_(g) = 0.4 V) 


tnput Disabled Current — Low Logic State NLD) DIS 
(Driver Input, ViL(p) = 0.4 V) 


Input Current-High Logic State 
(Receiver Enable Input, Viy(RE) = 5.25 V) NWH(RE) 
(Driver Enable Input, Viy(oE)-2 5-25 V) "TH(DE) 
(Driver Input, Vip(p) = 5.25 V) ‘TH(D) 

Input Voltage — Low Logic State 7 
(Receiver Enable Input) ViL(RE) 
(Driver Enable tnput VILI(DE) 
(Driver Input) ViL(O) 
(Receiver Input) Vit(B) 


Input Voltage — High Logic State 
(Receiver Enable input) VIiH(RE) 
(Driver Enable Input) VIHIDE) 
(Oriver Input) VIH(D) 
(Receiver Input) VIH(B) 


Output Voltage — Low Logic State 
(Bus Driver) Output, Io. (g) = 48 MA) 
(Receiver Output, !oL(R) = 20 mA) 
Output Voltage — High Logic State 
(Bus (Driver) Output, }QH(B) = --10 mA) 
(Receiver Output, IoH(R) = —2-0 MA) 
(Receiver Output, IQH(R) = —100/uA, Vcc = 5.0 V) 


Output Disabled Leakage Current — High Logic State 
(Bus Driver) Output, VoH(B) = 2.4 V) 'OHL(B) 
(Receiver Output, VOH(R) = 2.4 V) 'OHLIR) 


Output Disabled Leakage Current — Low Logic State 
(Bus Output, Vo_(p) = 0.5 V) 'OLL(B) 
(Receiver Output, VoL(R) = 0.5 V) TOLLIR) 


Input Clamp Voltage 
(Driver Enable Input !jp(pe) = —12 mA) ViC(DE) 
(Receiver Enable Input lic(RE) = +12 mA) Vic(RE) 
(Driver Input l|c(p) = —12 mA) Vic(D) 
Output Short Circuit Current, Vcc = 5.25 V, Note 1 
(Bus (Driver) Output) 
(Receiver Output) 
Power Supply Current 
(Vec = 5.25 V) 


Note 1. Only one output may be short-circuited at a time. 
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MC8T28 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0 V and Ta = 25°C) 


Characteristic 


Propagation Delay Time—Receiver (C, = 30 pF) 


Propagation Detay Time—Driver (CL = 300 pF) 


Propagation Delay Time—Enable (C,_ = 30 pF) 
— Receiver 


— Driver Enable (C,, 300 pF) 


tPLH(R) 
tPHL(R) 


tPLH(D) 
tPHL(D) 


tpZL(R) 
tPLZ(R) 


tpZL(D) 
tPLZ(D) 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tp_H(R) AND tpHL(R) 


ttTHL S 5.0 ns 
2.6 V 
Input 
ov 
tPHLIR 
VOH 
Output 


VoL 


To Scope Receiver 
(Input) Enable 
Input 


Receiver (Bus) 
input 


Pulse 
Generator 


trHt. <5.0ns 


Input Pulse Frequency = 10 MHz 
tPLH(R) Duty Cycle = 50% 


To Scope 
(Input) 


Receiver 
Output 
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MC8T28 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tp_y(p) AND tpHLip) 


‘ input Pulse Frequency = 10 MHz 
PLH(D) Duty Cycle = 50% 


VOH 
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FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp, 2(RE) AND tpZL(RE) 
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MC8T28 


FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tp, 2(pe) AND tpZL (De) 


tTHL S 5.0ns 
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FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS 
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MC8T95 (mcesss) 


MOTOROLA MC8T96 
= SEMICONDUCTOR SEES MC8T97 nee 


TECHNICAL DATA 
MC8T98 (mcesss) 


HEX THREE-STATE BUFFER INVERTERS 
HEX THREE-STATE 

This series of devices combines three features usually found BUFFER/INVERTERS 

desirable in bus-oriented systems: 1) High impedance logic inputs 

insure that these devices do not seriously load the bus; 2) Three-state 

logic configuration allows buffers not being utilized to be effectively 

removed from the bus; 3) Schottky technology allows high-speed 
operation. 


The devices differ in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 provide a two-input Enable which se 2 
controls all six buffers, while the non-inverting MC8T97/MC6887 1 1 


and inverting MC8T98/MC6888 provide two Enable inputs — one 


controlling four buffers and the other controlling the remaining L SUFFIX P SUFFIX 
two buffers. CERAMIC PACKAGE PLASTIC PACKAGE 


The units are well-suited for Address buffers on the M6800 or CASE ‘620 CASES 
similar microprocessor application. 


High Speed — 8.0 ns (Typ) INPUT EQUIVALENT 
Three-State Logic Configuration de 
Single +5 V Power Supply Requirement Voc 
Compatible with 74LS Logic or M6800 Microprocessor Systems 

High Impedance PNP Inputs Assure Minimal Loading of the Bus 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Ciock) 
GNO+5V O14) $2 


OUTPUT EQUIVALENT 
CIRCUIT 


M6800 
MPU 
MC8T95/MC6885 
beta MC8T26A/MC6880A 
MC8T98 / MC6888 BUS EXTENDER 
BUS EXTENDER 


ADDRESS 
AND 
CONTROL 
BUS 


ORDERING INFORMATION 
(Temperature Range for the following devices = 
0 to +75°C) 


DEVICE ALTERNATE PACKAGE 


MC6850 MC8T9O5L MC6885L Ceramic DIP 
ACIAs MC8T96L MC6886L Ceramic DIP 


oO 


9] 


MC6860 Pe 
MODEM 
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MC8T95, MC8T96, MC8T97, MC8T98 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


[Power Supply Volige ———SSCS*~C~S~C‘ gg =~ 8 


Operating Junction Temperature 
Plastic Package 
Ceramic Package 


PIN CONNECTIONS AND TRUTH TABLES 


MC8T95/MC6885 


L = Low Logic State 

H = High Logic State 

Z = Third (High Impedance) State 
X = Irretevant 


MC8T96/MC6886 
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MC8T95, MC8T96, MC8T97, MC8T98 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 0O°C ST a <75°C and 4.75 V<Vc¢ <5.25 V) 


agrees 
(Voc = 4.75 V, Ta = aPC 
icereevtaeme 
(Voc = 4.75 V, Zul Ya 28°C 
iveersosvenwesey TTT 
(Vcc = 5.25 V, Ving = 2.4 V) 


Input Current — High Impedance State 
(Vec = 5.25 V, Vit(ty = 0.5 V. ViIH(E)= 2.0 V) 


Output Voltage — High Logic State 

(Vcc = 4.75 V, IoH = -5.2 mA) aie 
Output Voltage — Low Logic State 

(lot = 48 mA) 


Output Current — High tmpedance State 
(Vcc = 5.25 V, Von = 2.4 V) 

(Voc = 5.25 V, Vo = 0.5 V) 

Output Short-Circuit Current 

(Vcc = 5.25 V, Vo = 0) 

{only one output can be shorted at a time) 


Input Current — Low Logic State 
(Voc = 5.25 V, Viz = 0.5 V, ViL(E) = 0.5 V) 


Power Supply Current 
(Vcc = 5.25 V) MC8T95, MC8T97, MC6885, MC6887 
MC8T96, MC8T98, MC6886, MC6888 


Input Clamp Voltage 
(Veco = 4.78 V, lig = -12 mA} 
Output Vcc Clamp Voltage 
(Vcc = 9, loc = 12 mA) 


Output Gnd Clamp Voltage 
(Vcc =, log = -12 mA) 


(Input Voltage 
(14y = 1.0 mA) 


Characteristic 


Propagation Delay Time — High to Low State 
(Cy, = 50 pF) 
(Cy = 250 pF) 
(CL = 375 pF} 
(CL = 500 pF) 
Propagation Delay Time — Low to High State 
(Cy = 50 pF) 
(CL = 250 pF) 
(CL = 375 pF} 
(CL = 500 pF) 
Transition Time — High to Low State 
(Cy = 250 pF) 
(CL = 375 pF) 
(Cy = 500 pF) 
Transition Time — Low to High State 
(Cy = 250 pF) 
(CL = 375 pF) 
(CL = 500 pF) 
Propagation Delay Time — High State to Third State 
(Cy = 5.0 pF} 
Propagation Delay Time — Low State to Third State 
(Cy, = 5.0 pF) 
Propagation Delay Time — Third State to High State 
(CL = 50 pF} 
Propagation Delay Time — Third State to Low State 
(CL = 50 pF) 


tPHZ(E) 


tPLZ(E) 


tPZH(E) 
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MC8T95, MC8T96, MC8T97, MC8T98 


FIGURE 2 — WAVEFORMS FOR PROPAGATION DELAY 


FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS TIMES INPUT TO OUTPUT 
3V 
To Scope (Input) "Sie 


Open for tp27H(E) Test Only Input 


Input or 
Enable 


+5 V 
ennn— © output 
209 MC8T96, MC6886 
MC8T98 or MC6888 


1N3064 
Puise or Equivalent tPLH 


Generator 
Output 


MC8T95,,MC6885 
MC8T97 or MC6887 


= 1.0k Open for ay 
C_ Includes Probe and ae tpzL(e) Test Only Input Pulse Conditions 
Jig Capacitance tTHL = TTLH & 1048 
= f= 1.0 MHz 


FIGURE 3 — WAVEFORMS FOR PROPAGATION DELAY TIMES — ENABLE TO OUTPUT 


ere ——__———__-——— 3. 0 Vv 


VOH 
0.5 Vv AP aoe, 
Output ee | 1.5V Enable 
<1.5V = | ie) 
tPHZ(E) tpZL(E) 
3.0V 
Enable 15V 1.5 Vv Output 
fe) VoL 
3.0 Vv ———__——_-—_—_——- 3.0 v 
Enable =15V 15 V Enable 
0 0 
ees - 
Output VoL OH 
tPLZ(E) 15 Vv Output 


H = High-Logic State, L = Low-Logic State, Z = High Impedance State 
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MC1411,B 
MC1412,B 


MOTOROLA 


EMICONDUCTOR xox 
. ithe DATA MCLsIGB 


HIGH VOLTAGE, HIGH CURRENT 


DARLINGTON TRANSISTOR ARRAYS PERIPHERAL 
DRIVER ARRAYS 
The seven NPN Darlington connected transistors in these arrays 
are well suited for driving lamps, relays, or printer hammers in a SILICON MONOLITHIC 
variety of industrial and consumer applications. Their high break- INTEGRATED CIRCUITS 


down voltage and internal suppression diodes insure freedom 
from problems associated with inductive loads. Peak inrush cur- 
rents to 600 mA permit them to drive incandescent lamps. 

The MC1411,B device is a general purpose array for use with 
DTL, TTL, PMOS, or CMOS Logic. The MC1412,B8 contains a zener 
diode and resistor in series with the input to limit input current 
for use with 14 to 25 Volt PMOS Logic. The MC1413,B with a 2.7 
kQ. series input resistor is well suited for systems utilizing a 5 Volt 
TTL or CMOS Logic. The MC1416,B uses a series 10.5 kQ resistor 


and is useful in 8 to 18 Volt MOS systems. P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


MAXIMUM RATINGS (Ta = 25°C and rating apply to any one device in the 
package unless otherwise noted.) D SUFFIX 
PLASTIC PACKAGE 
CASE 751B 
(SO-16) 


Output Voltage 
Input Voltage (Except MC1411) 


Collector Current — Continuous fe Ic 
Base Current — Continuous IB 
Operating Ambient Temperature Range TA 
MC1411-16 -20 to +85 
MC1411B-16B -40 to +85 PIN CONNECTIONS 


Storage Temperature Range fe Tstg ~55 to +150 °C 
Junction Temperature Ty 150 °C 
Thermal Resistance — Junction to Ambient OA | °C/W 
P Suffix 67 
{ D Suffix 100 4 


ORDERING INFORMATION 


Plastic DIP 
MC1411P (ULN2001A) MC1411D 


MC1412P (ULN2002A) MC1412D 
MC1413P (ULN2003A) MC1413D 
MC1416P (ULN2004A) MC1416D 


MC1411BP (ULN2001A) MC1411BD 
MC1412BP (ULN2002A) MC1412BD 
MC1413BP (ULN2003A) MC1413BD 
MC1416BP (ULN2004A) MC1416BD 


Ambient 


Temperature Range 


-20° to + 85°C 


-40° to +85°C 7 
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MC1411,B, MC1412,B, MC1413,B, MC1416,B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic Symbol 
+ 
Output Leakage Current ICEx 
(Vo = 50V, Ta = +85°C) All Types 
(Vo = 50V, Ta = +25°C) All Types 
(Vg = 50 V, Ta = +85°C, Vj = 6.0 V) MC1412,B = 500 
(Vo = 50V, Ta = +85°C, Vj = 1.0 V) MC1416,B — _ 500 
{e} A I —+— ——= 
Collector-Emitter Saturation Voltage VCE(sat) Vv 
(I¢ = 350 mA, Ig = 500 pA) All Types = 1.1 1.6 
(Ic = 200 mA, Ig = 350 pA) All Types — 0.95 1.3 
(Ic = 100 mA, Ig = 250 pA) All Types = 0.85 1.1 | 
Input Current — On Condition N(on) mA 
(Vj = 17 V) MC1412,B _— 0.85 1.3 
(V; = 3.85 V) MC1413,B —_ 0.93 1.35 
(Vv) = 5.0 V) MC1416,B = 0.35 0.5 
(Vj = 12 V) MC1416,B _— 1.0 1.45 | 
Input Voltage — On Condition | Viton) ‘i | Vv | 
(VcE = 2.0 V, Ic = 300 mA) MC1412,B — — 13 
(VcE = 2.0 V, Ic = 200 mA) MC1413,B — — 2.4 
(VcE = 2.0 V, Ic = 250 mA) MC1413,B — _ 2.7 
(VCE = 2.0 V, Ic = 300 mA) MC1413,B — ~ 3.0 
(VCE = 2.0 V, Ic = 125 mA) MC1416,B — = 5.0 
(VcE = 2.0 V, Ic = 200 mA) MC1416,B = a 6.0 
(VCE = 2.0 V, Ic = 275 mA) MC1416,B = _ 7.0 
(VCE = 2.0 V, Ic = 350 mA) MC1416,B — | — | 80 
Input Current ~ Off Condition All Types (off) 50 100 —_ | BA 
(Ic = 500 nA, Ta = +85°C) a 
DC Current Gain MC1411,B hFE 1000 _ _ — 
(VCE = 2.0 V, Ic = 350 mA) 
Input Capacitance Cc _ 15 30 pF 
Turn-On Delay Time ton — 0.25 1.0 BS 
(50% E; to 50% Eq) 
Turn-Off Delay Time toft _ 0.25 1.0 BS 
(50% E| to 50% Eq) 
Clamp Diode Leakage Current Ta = +25°C IR — _ 50 pA 
(VR = 50 V) Ta = +85°C as — 100 | 
Clamp Diode Forward Voltage Ve — 1.5 2.0 Vv 
(Ip = 350 mA) be 


TYPICAL PERFORMANCE CURVES — Tag = 25°C 


FIGURE 1 — OUTPUT CURRENT versus INPUT VOLTAGE 
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FIGURE 2 — OUTPUT CURRENT versus INPUT CURRENT 
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[c, COLLECTOR CURRENT (mA) 


\,, INPUT CURRENT (mA} 


400 


MC1411,B, MC1412,B, MC1413,B, MC1416,B 


TYPICAL CHARACTERISTIC CURVES — Ta = 25°C (continued) 


FIGURE 3 — TYPICAL OUTPUT CHARACTERISTICS 
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FIGURE 5 — INPUT CHARACTERISTICS — MC1413,B 
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FIGURE 4 — INPUT CHARACTERISTICS — MC1412,B 
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FIGURE 6 — INPUT CHARACTERISTICS — MC1416,B 
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FIGURE 7 — MAXIMUM COLLECTOR CURRENT 
versus DUTY CYCLE 
(AND NUMBER OF DRIVERS IN USE) 
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MC1411,B, MC1412,B, MC1413,B, MC1416,B 


FIGURE 8 — REPRESENTATIVE CIRCUIT SCHEMATICS 


1/7 MC1411,B 1/7 MC1412z,B 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-44 


MOTOROLA 


= SEMICONDUCTOR xy 
TECHNICAL DATA 


DUAL PERIPHERAL 


D PERIPHE HIGH E POSITIVE “NAND” DRIVER 
a EO RIAN Bi SILICON MONOLITHIC 


POSITIVE “NAND” DRIVER INTEGRATED CIRCUITS 


The dual driver consists of a pair of PNP buffered AND gates 
connected to the bases of a pair of high voltage NPN transistors. 
They are similar to the MC75452 drivers but with the added advan- 
tages of: 1) 70 Volt capability 2) output suppression diodes and 
3) PNP buffered inputs for MOS compatibility. These features 
make the MC1472 ideal for mating MOS logic or microprocessors 
to lamps, relays, printer hammers and incandescent displays. 


300 mA Output Capability (each transistor) 
70 Vdc Breakdown Voltage 
Internal Output Clamp Diodes U SUFFIX P1 SUFFIX 


Low Input Loading for MOS Compatibility (PNP buffered) CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 693 CASE 626 


PIN CONNECTIONS 


MAXIMUM RATINGS (Ta = 25°C) 


Supply Voltage 


Input Voltage 
Output Voltage 


Clamp Voltage 


Output Current (Continuous) 


Operating Junction Temperature 
Ceramic Package 


Plastic Package 


Storage Temperature Range 


Rating 


Supply Voltage 


Clamp Voltage 
TRUTH TABLE 
ORDERING INFORMATION A | B | Y 
5 
Temperature L L 
Device Range Package L H H (“OFF” STATE) 
MC1472U Oto +70°C Ceramic DIP |oL H L 
MC1472P1 Oto +70°C Plastic DIP H H L (“ON” STATE) 
H = Logic One 
L = Logic Zero 
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MC1472 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted min/max limits apply across the 0°C to 70°C temperature range 
with 4.5 V < Vcc < 5.5 V. All typical values are for Ta = 25°C, Vcc = 5.0 Volts.) 


Characteristic Symbol Min Typ Max Unit 
Input Voltage — High Logic State VIH 2.0 _— 5.5 Vde 
Input Voltage — Low Logic State ViL 0 — 0.8 Vdc 
Input Current — Low Logic State He mA 
(Vi_ = 0.4 V) 
A Input _ — -0.3 
B Input — 0.15 
Input Current — High Logic State NH pA 
(Vi = 2.4 V) 
A Input — — 40 
B Input _ _ 20 
(ViH_ = 5.5 V} 
A Input 
B Input 
Input Clamp Voltage VIK 
(Il¢c = —12 mA) 
Output Leakage Current — High Logic State IOH 
(Vo = 70 V, See Test Figure) 
Output Voltage — Low Logic State VOL 
(loL = 100 mA) 
(loL = 300 mA) 
Output Clamp Diode Leakage Current loc Vv 
(Vc = 70 V, See Test Figure) _— _ 100 
Output Clamp Forward Voltage VEC Vv 
(IFC = 300 mA, See Test Figure) _ — 1.7 


Power Supply Current me 
(All Inputs at Vip) 
(All Inputs at Vi.) 


NOTE: All currents into device pins are shown as positive, out of device pins as negative. Ait voltages referenced to ground unless otherwise 
noted. 


SWITCHING CHARACTERISTICS Vcc = 5.0V, Ta = 25°C 


Characteristic 


Propagation Delay Time 
Output High to Low 
Output Low to High 


Output Transition Time 
Output High to Low 
Output Low to High 
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MC1472 


TEST CIRCUITS 


Vin & Vin 
Per Truth Table 


SWITCHING TEST CIRCUIT AND WAVEFORM 


+50 V To Scope / 


(Output) 


To 
Scope 
(Input) 


30 pF 


Pul Includes Probe 
ulse 

and Stra 
Generator 


OUTPUT 


VoL 
tTTHL 
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MOTOROLA 


= SEMICONDUCTOR yxy MC1488 
TECHNICAL DATA 


QUAD MDTL LINE DRIVER 
EIA-232D 


QUAD LINE DRIVER 


The MC1488 is a monolithic quad line driver designed to inter- 
face data terminal equipment with data communications equip- 


ment in conformance with the specifications of EIA Standard No. 
EIA-232D. 


Features: 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


® Current Limited Output 


+10 mA typ 
@ Power-Off Source Impedance 
300 Ohms min SUFFIX P SUFFIX 
CERAMIC PACKAGE 
‘ . : PLASTIC PACKAGE 
@ Simple Slew Rate Control with External Capacitor CASE 632 


CASE 646 
® Flexible Operating Supply Range 


© Compatible with All Motorola MDTL and MTTL Logic Families D SUFFIX 


PLASTIC PACKAGE 
CASE 751A 14 L. 


(SO-14) F 


PIN CONNECTIONS 


TYPICAL APPLICATION 


LINE ORIVER INTERCONNECTING LINE RECEIVER 
MC 1488 CABLE MC1489 


D ean 
+L __7 


interconnecting | 
MOTL LOGIC INPUT. —— Cagle —a-f—e—MOTL LOGIC OUTPUT 


| | | 8] Output C 


CIRCUIT SCHEMATIC 
(1/4 OF CIRCUIT SHOWN) 


Vcc 14.0 


PINS 4,9,120R 2 
INPUT 


INPUT 
PINS 5, 10, 13 


QUTPUT 
PINS 6,8,110R 3 
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MC1488 


MAXIMUM RATINGS (T, = + 25°C unless otherwise noted.) 


a 


Power Supply Voltage Vcc +15 Vde 
VEE -—15 

Input Voltage Range VIR —15 < ViR < Vde 
7.0 


Output Signal Voltage Vde 


Power Derating (Package Limitation, Ceramic 
and Plastic Dual-In-Line Package) 
Derate above Ta = +25°C 


Input Current — High Logic State (Vj = 5.0 V) 


Output Voltage — High Logic State 
(Vi_ = 0.8 Vde, RL = 3.0 kD, Vcc = +9.0 Vde, Veg = -9.0 Vdc) 
(ViL = 0.8 Vde, RL = 3.0 kO, Vcc = +13.2 Vde, Veg = — 13.2 Vde) 


Output Voltage — Low Logic State 
(Vi = 1.9 Vde, RL = 3.0 kX, Vec = +9.0 Vde, Veg = —9.0 Vde) 
(Vip = 1.9 Vde, RE = 3.0 k9, Vec = +13.2 Vde, Veg = — 13.2 Vdc) 


Positive Output Short-Circuit Current, Note 1 
Negative Output Short-Circuit Current, Note 1 3 los-— = 60} 10.) 42 | 


Positive Supply Current (Rj = =) 
(Vi = 1.9 Vde, Voc = +9.0 Vdc) 
(Vi_ = 0.8 Vdc, Vcc = +9.0 Vdc) 
(Vip_ = 1.9 Vde, Voc = +12 Vde) 
(Vi_ = 0.8 Vde, Voc = +12 Vde) 
(Vi = 1.9 Vde, Voc = +15 Vde) 
(Vi_ = 0.8 Vde, Voc = +15 Vde) 


Negative Supply Current (RL = =) 
(Vi, = 1.9 Vdc, VEE = —39.0 Vdc) 
(Vi_ = 0.8 Vde, Veg = —9.0 Vdc) 
(Vi. = 1.9 Vde, Veg = —12 Vde) 
(Vi_ = 0.8 Vde, Veg = —12 Vdc) 
(Vi, = 1.9 Vdc, Veg = — 15 Vdc) 
(Vi__ = 0.8 Vde, Veg = —15 Vdc) 


Power Consumption 
(Vcc = 9.0 Vde, Veg = —9.0 Vdc) 
(Vcc = 12 Vdc, Veg = —12 Vdc) 


Propagation Delay Time (zj = 3.0 k and 15 pF) 


Fall Time (z; = 3.0 k and 15 pF) 


Propagation Delay Time (zj = 3.0 k and 15 pF) | tee | — | 
(21 = 3.0 k and 15 pF) Ze ees 


Note 1. Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously. 


tTHL 


Rise Time 
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MC1488 


CHARACTERISTIC DEFINITIONS 


FIGURE 1 ~— INPUT CURRENT FIGURE 2 — OUTPUT VOLTAGE 


+9V -9V 


qe 


FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT FIGURE 4 — OUTPUT RESISTANCE (POWER-OFF) 


"| 


a) 


Vcc VEE 


Vo 
+2 Vde 
+ 6.6 mA Max 
FIGURE 5 — POWER-SUPPLY CURRENTS FIGURE 6 — SWITCHING RESPONSE 
Vcc 
ein Vo 


'TLH 
tTHL and t7LH Measured 10% to 90% 


VEE 
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MC1488 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 7 — TRANSFER CHARACTERISTICS 
versus POWER-SUPPLY VOLTAGE 


— Veg=t12V || 


FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT 
versus TEMPERATURE 


Yd 
NS sare nee oh vege 


Vo, OUTPUT VOLTAGE (VOLTS) 


Isc, SHORT-CIRCUIT OUTPUT CURRENT (mA) 


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 


Vin. INPUT VGLTAGE (VOLTS) 


1.6 


FIGURE 9 — OUTPUT SLEW RATE 
versus LOAD CAPACITANCE 


T, TEMPERATURE (°C) 


FIGURE 10 — OUTPUT VOLTAGE 


AND CURRENT-LIMITING CHARACTERISTICS 


SLEW RATE (VOLTS/us) 
Ig, OUTPUT CURRENT (mA) 


“Hot 


190 1,000 10, a 
CL, CAPACITANCE (pF) 


-8.0 -4.0 0 


Vg, QUTPUT VOLTAGE (VOLTS) 


FIGURE 11 — MAXIMUM OPERATING TEMPERATURE 


versus POWER-SUPPLY VOLTAGE 


Voc. VEE. POWER SUPPLY VOLTAGE (VOLTS) 


+75 
J, TEMPERATURE (°C) 
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SLEW RATE (VOLTSizs) 


MC1488 


APPLICATIONS INFORMATION 


The Electronic industries Association EJA-232D specification 
detail the requirements for the interface between data pro- 
cessing equipment and data communications equipment. This 
standard specifies not only the number and type of interface 
leads, but also the voltage levels to be used. The MC1488 quad 
driver and its companion circuit, the MC1489 quad receiver, 
provide a complete interface system between DTL or TTL logic 
levels and the ElIA-232D defined levels. The EIA-232D require- 
ments as applied to drivers are discussed herein. 

The required driver voltages are defined as between 5 and 
15-valts in magnitude and are positive for a Logic ‘’0” and 
negative for a Logic ‘1.’ These voltages are so defined when 
the drivers are terminated with a 3000 to 7000-ohm resistor. 
The MC1488 meets this voltage requirement by converting a 
DTL/TTL logic tevel into EIA-232D levels with one stage of 
inversion. 

The EIA-232D specification further requires that during tran- 
sitions, the driver output slew rate must not exceed 30 volts 


FIGURE 12 ~ SLEW RATE versus CAPACITANCE 
FOR !sc = 10 mA 


1000 


FIGURE 13 — POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 


100 
ane Sete siil oom meni 
aaa iia mantl 
r =a A 
pf 
Eee ee 
Ct tite 
alll) 1 th 
Salim mii tt CCN 
1.0 4 te 
10 100 1000 10.000 
C. CAPACITANCE (pF 


per microsecond. The inherent slew rate of the MC1488 is much 
too fast for this requirement. The current limited output of the 
device can be used to control this slew rate by connecting a 
capacitor to each driver output. The required capacitor can be 
easily determined by using the relationship C = log x AT/AV 
from which Figure 12 is derived. Accordingly, a 330 pF capac- 
itor on each output will guarantee a worst case slew rate of 
30 volts per microsecond. 

The interface driver is also required to withstand an acci- 
dental short to any other conductor in an interconnecting cable. 
The worst possible signal on any conductor would be another 
driver using a plus or minus 15 volt, 500 mA source. The 
MC1488 is designed to indefinitely withstand such a short to 
all four outputs in a package as long as the power-supply volt- 
ages are greater than 9.0 volts (i.e., Vcc = 9.0 V; Veg = — 9.0 V). 
In some power-supply designs, a loss of system power causes 
a low impedance on the power-supply outputs. When this 
occurs, a low impedance to ground would exist at the power 
inputs to the MC1488 effectively shorting the 300 ohm output 
resistors to ground. If all four outputs were then shorted to 
plus or minus 15 volts, the power dissipation in these resistors 


would be excessive. Therefore, if the system is designed to 
permit low impedances to ground at the power-supplies of the 
drivers, a diode should be placed in each power-supply lead 
to prevent overheating in this fault condition. These two 
diodes, as shown in Figure 13, could be used to decouple all 
the driver packages in a system. (These same diodes will allow 
the MC1488 to withstand momentary shorts to the +25 volt 
limits specified in the earlier Standard EIA-232B.) The addition 
of the diodes also permits the MC1488 to withstand faults with 
power-supplies of less than the 9.0 volts stated above. 

The maximum short-circuit current allowable under fault 
conditions is more than guaranteed by the previously men- 
tioned 10 mA output current limiting. 


Other Applications 

The MC1488 is an extremely versatile line driver with a myr- 
iad of possible applications. Severa! features of the drivers 
enhance this versatility: 

1. Output Current Limiting — this enables the circuit designer 
to define the output voltage levels independent of power- 
supplies and can be accomplished by diode clamping of the 
output pins. Figure 14 shows the MC1488 used as a DTL to 
MOS translator where the high level voltage output is clamped 
one diode above ground. The resistor divider shown is used 
to reduce the output voltage below the 300 mV above ground 
MOS input level limit. 

2. Power Supply Range — as can be seen from the schematic 
drawing of the drivers, the positive and negative driving ele- 
ments of the device are essentially independent and do not 
require matching power-supplies. In fact, the positive supply 
can vary from a minimum seven volts (required for driving the 
negative pulldown section) to the maximum specified 15 volts. 
The negative supply can vary from approximately — 2.5 volts 
to the minimum specified — 15 volts. The MC1488 will drive 
the output to within 2 volts of the positive or negative supplies 
as long as the current output limits are not exceeded. The 
combination of the current-limiting and supply-voltage fea- 
tures allow a wide combination of possible outputs within the 
same quad package. Thus if only a portion of the four drivers 
are used for driving ElA-232D lines, the remainder could be 
used for DTL to MOS or even DTL to DTL translation. Figure 
15 shows one such combination. 
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TIGURE 14 —- MDTL/MTTL-TO-MOS TRANSLATOR 


+412V 
114 MC 1488 
al MOS OUTPUT 
INPUT tk (WITH Vgg = GND) 
10k 
=12V -12V 
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FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS 


MC1488 


A2V 


+*12V 


MRTL OUTPUT 
0.7 Vto+3.7V 


MOTL OUTPUT 
07 Vto+57V 


MHTL OUTPUT 
-07 V0 10V 


MOS OUTPUT 
-10Vta0V 


MOTOROLA MC1489 
Pe ee 
ae nCIABSA 


QUAD LINE RECEIVERS QUAD MDTL 
LINE RECEIVERS 
EIA-232D 

The MC1489 monolithic quad line receivers are designed to SILICON MONOLITHIC 
interface data terminal equipment with data communications INTEGRATED CIRCUIT 
equipment in conformance with the specifications of EIA Standard 
No. ElA-232D. 
@ Input Resistance — 3.0k to 7.0 kilohms 
@ Input Signal Range — + 30 Volts 
@ Input Threshold Hysteresis Built In 
@ Response Control 

: =e L SUFFIX P SUFFIX 
a) Logic Threshold Shifting CERAMIC PACKAGE PLASTIC PACKAGE 


b) Input Noise Filtering CASE 632 CASE 646 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


TYPICAL APPLICATION 


LINE ORIVER LINE RECEIVER 


MC 1488 “NTEP CONNECTING MC1489 Response 


CABLE A eas Control A 


Response 


Output A 
Control O 


+t__?7 


I | Response 
| Control B 
INTERCONNECTING 


| 
MOTL LOGIC INPUT of CABLE | ee MOTEL LOGIC OUTPUT 


RESPONSE CONTROL 2 O O 30UTPUT 


| mci4e9 | MC1489A 
Rel 6.7 kO 1.6 kO © 7GROUND 
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MC1489, MC1489A 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


i Rating Symboi | Value Unit 

| Power Supply Voltage Vcc 10 ] Vdc 

' Input Voltage Range Vin | ~30 | Vde 
Output Load Current Ie 20 mA 

Power Dissipation (Package Limitation, Ceramic i | 

| and Plastic Dual In-Line Package) Pp 1000 mw 

fie Derate above Ta = - 25C Vasa | 6.7 I mWwrc | 
Operating Ambient Temperature Range Oto +75 

| Storage Temperature Range ~65to +175 


ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Vcc = +5.0 Vdc + 10%, Ta = 0 to +75°C unless 
otherwise noted) 


Characteristics Symbol Min Typ | Max Unit 
= t 
' Positive Input Current (Vi = +25 Vdc) Wy 3.6 _ 8.3 mA 
is (Vi = + 3.0 Vdc) _| 0.43 hike Ste ater oie | 
Negative Input Current (Vit = — 25 Vdc) Ue -3.6 _— -8.3 mA 
(ViL = —3.0 Vdc) — 0.43 _ — 
— t —t - 
Input Turn-On Threshold Voltage Vi Vde 
(Ta = + 25°C, Vo~ = 0.45 V) MC1489 1.0 ~ 1.5 
MC1489A | 1.75 1.95 2.25 
br 35 a T — 
Input Turn-Off Threshold Voltage Vit Vde 
(Ta = + 25°C, VOH 7 2.5 V, i, = —0.5 mA) MC1483 0.75 _ 1.25 
MC1489A 0.75 0.8 1.25 
a eoan Ue —, 
Output Voltage High (Vi = 0.75 V, IL = -0.5 mA) VOH 2.5 4.0 5.0 Vde 
(Input Open Circuit, | = —0.5 mA) 2.5 4.0 5.0 7 
7 ia 
Output Voltage Low (ViL = 3.0 V, IL = 10 mA) VoL = | 0.2 0.45 Vdc 
- +—— ae +— — 
Output Short-Circuit Current los ae ee 3.0 ~4.0 mA 
T 
Power Supoly Current (All Gates “on,” Igut = OMA, Vi = +5.0 Vdc} IGGL )A 25 16 26 | mA 
Power Consumption (Vi = + 5.0 Vdc) Pc il = 80 130, | =omW 
SWITCHING CHARACTERISTICS (Vcc = 5.0 Vdc =1%, Ta = +25°C, See Figure 1.) 
Propagation Delay Time (RL = 3.9 kQ) tPLH — 25 85 ns 
Rise Ti (Ru = 3.9 kQ) t a a | 120 at 175 
ise Time t= 3. TLH | te ns | 
Propagation Delay Time (RL = 390 kf) tPHL 2 es | 25 50 ns 
Fall Time (RL. = 390 k0) {THL - 10 20 | ns 
TEST CIRCUITS 
FIGURE 1 — SWITCHING RESPONSE FIGURE 2 — RESPONSE CONTROL NODE 
+5 Vde 
= VR 


All diodes 
1N3064 
or equiv 


Ein Ey 


RESPONSE NODE 
'TLH and tTHL Vin Vo 
measured 

10°. - 90". 


C. capacitor is for nouse filtering 
R. cesistor is for threshold shitting 


CL = 15 pF = total parasitic capacitance, which includes 
probe and wiring capacitances 
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ip, INPUT CURRENT (mA) 


Vg. OUTPUT VOLTAGE (Vaz) 


MC1489, MC1489A 


TYPICAL CHARACTERISTICS 
(Vcc = 5.0 Vdc, Ta = +25°C unless otherwise noted) 


FIGURE 3 — INPUT CURRENT FIGURE 4 — MC1489 INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 


3 
2 
uw 
é-] 
<< 
red 
~ 
oO 
> 
lod 
= 
i 
2 
oO 
o 
> 
Vin. INPUT VOLTAGE (VOLTS) V;, INPUT VOLTAGE (VOLTS) 
FIGURE 5 — MC1489A INPUT THRESHOLD FIGURE 6 — INPUT THRESHOLD VOLTAGE 


VOLTAGE ADJUSTMENT versus TEMPERATURE 


ViH. INPUT THRESHOLD VOLTAGE (Vdcl 


3.0 -20 -10 0 +10 +20 


+30 +40 -60 0 +60 +120 


"Vi, INPUT VOLTAGE (VOLTS) T. TEMPERATURE (°C) 


INPUT THRESHOLD VOLTAGE (Vdc) 


FIGURE 7 — INPUT THRESHOLD versus 
POWER-SUPPLY VOLTAGE 


Vin MC1489 


Vi MC1489 
Vi, MC1489A 


Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
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Ein, AMPLITUDE (VOLTS) 


MC1489, MC1489A 


APPLICATIONS INFORMATION 


General Information 


The Electronic Industries Association (EIA) has released 
the ElIA-232D specification detailing the requirements 
for the interface between data processing equipment 
and data communications equipment. This standard 
specifies not only the number and type of interface 
leads, but also the voltage levels to be used. The 
MC1488 quad driver and its companion circuit, the 
MC1489 quad receiver, provide a complete interface 
system between DTL or TTL logic levels and the EIA- 
232D defined levels. The EIA-232D requirements as 
applied to receivers are discussed herein. 

The required input impedance is defined as between 
3000 ohms and 7000 ohms for input voltages between 
3.0 and 25 volts in magnitude; and any voltage on the 
receiver input in an open circuit condition must be less 
than 2.0 volts in magnitude. The MC1489 circuits meet 
these requirements with a maximum open circuit volt- 
age of one Vpe. 

The receiver shall detect a voltage between — 3.0 and 
— 25 volts as a Logic ‘1"’ and inputs between +3.0 and 
+25 volts as a Logic ‘’0."" On some interchange leads, 
an open circuit of power “OFF” condition (300 ohms or 
more to ground) shall be decoded as an “OFF” condition 
or Logic ‘1. For this reason, the input hysteresis 
thresholds of the MC1489 circuits are all above ground. 
Thus an open or grounded input will cause the same 
Output as a negative or Logic ‘1” input. 


Device Characteristics 


The MC1489 interface receivers have internal feedback 
from the second stage to the input stage providing input 


FIGURE 8 — TYPICAL TURN-ON THRESHOLD versus 
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND 


MC1489 


1000 
PW, INPUT PULSE WIDTH (ns) 


Ein. AMPLITUDE (VOLTS) 


hysteresis for noise rejection. The MC1489 input has 
typical turn-on voltage of 1.25 volts and turn-off of 1.0 
volt for a typical hysteresis of 250 mV. The MC1489A 
has typical turn-on of 1.95 volts and turn-off of 0.8 volt 
for typically 1.15 volts of hysteresis. 

Each receiver section has an external response con- 
trol node in addition to the input and output pins, 
thereby allowing the designer to vary the input thresh- 
old voltage levels. A resistor can be connected between 
this node and an external power supply. Figures 2, 4 
and 5 illustrate the input threshold voltage shift possible 
through this technique. 

This response node can also be used for the filtering 
of high-frequency, high energy noise pulses. Figures 8 
and 9 show typical noise-pulse rejection for external 
capacitors of various sizes. 

These two operations on the response node can be 
combined or used individually for many combinations 
of interfacing applications. The MC1489 circuits are par- 
ticularly useful for interfacing between MOS circuits and 
MDTL/MTTL logic systems. In this application, the input 
threshold voltages are adjusted (with the appropriate 
supply and resistor values) to fall in the center of the 
MOS voltage logic levels. (See Figure 10) 

The response node may also be used as the receiver 
input as long as the designer realizes that he may not 
drive this node with a low impedance source to a volt- 
age greater than one diode above ground or less than 
one diode below ground. This feature is demonstrated 
in Figure 11 where two receivers are slaved to the same 
line that must stili meet the E1/A-232D impedance 
requirement. 


FIGURE 9 — TYPICAL TURN-ON THRESHOLD versus 
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND 


MC1489A 


10,000 
PW, INPUT PULSE WIDTH (ns) 
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MC1489, MC1489A 


FIGURE 10 — TYPICAL TRANSLATOR APPLICATION — 
MOS TO DTL OR TTL 


+5 Vde 


ed 


OTL oc TTL 


FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET EIA-232D 


VCC 


_ na 7 7 
RESPONSE CONTROL PIN eine 


OUTPUT 


INPUT 8k 
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MOTOROLA 
= SEMICONDUCPOR yyy 
TECHNICAL DATA 


QUAD OPEN-COLLECTOR BUS TRANSCEIVER QUAD OPEN-COLLECTOR 
BUS TRANSCEIVER 
This quad transceiver is designed to mate Schottky TTL or 
NMOS logic to a low impedance bus. The Enable and Driver inputs 
are PNP buffered to ensure low input loading. The Driver (Bus) SCHOTTKY 
output is open-collector and can sink up to 100 mA at 0.8 V, thus SILICON MONOLITHIC 


the bus can drive impedances as low as 100 12. The receiver output INTEGRATED CIRCUIT 
is active pull-up and can drive ten Schottky TTL loads. 

An active-low Enable controls all four drivers allowing the out- 
puts of different device drivers to be connected together for party- 
line operation. The line can be terminated at both ends and still 


give considerable noise margin at the receiver. Typical receiver D SUFFIX 

threshold is 2.0 V. PLASTIC PACKAGE Ps 
Advanced Schottky processing is utilized to assure fast prop- CASE 751B 

agation delay times. Two ground pins are provided to improve (SO-16) } 

ground current handling and allow close decoupling between Vcc 

and ground at the package. Both ground pins should be tied to 

the ground bus external to the package. ereoeiies 

CERAMIC PACKAGE 


@ Driver Can Sink 100 mA at 0.8 V (Max) CASE 620 
@ PNP Inputs for Low-Logic Loading 
@ Typical Driver Delay = 10 ns 
@ Typical Receiver Delay = 10 ns 

. P SUFFIX 
e@ Schottky Processing for High Speed PLASTIC PACKAGE 4g 
@ Inverting Driver CASE 648 1 


PIN CONNECTIONS 
TYPICAL APPLICATION 


Ses ———— Receiver 
Enab! 
nable Enable Outbut aL3 J 


Driver Driver 
Input AL4 | Input C 


Driver 

input al S | oJ 142] Enable E 
Receiver fea Driver 
Output aL &| A Input D 


Receiver 
Output D 


Driver Driver 
Inputs Inputs 


Receiver 
Outputs 


Receiver 
Outputs 


TRUTH TABLE 
Receiver 
Bus Output 
L H L 
H L H 
x Y Y 


Low Logic State 

High Logic State 

Irrelevant 

Assumes condition controlled 
by other elements on the bus 


Driver Driver 
inputs inputs 


Receiver Receiver 
Outputs Outputs 


Enable 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


c 
c 


Vv 
Vv 
m 


d 
d 
A 
Vv 
mA 
mA 
= 
lo) 


Storage Temperature Cc 


Junction Temperature 
Ceramic Package 
Plastic Package 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted Vcc = 4.75 to 5.25 V and Ta = 0 to +70°C. 
Typical values measured at Vcc = 5.0 V and Ta = 25°C.) 


Input Voltage — Low Logic State _ . Vv 
(Driver and Enable Inputs) 
A V 


tnput Voltage — High Logic State 


(Driver and Enable Inputs) 


Input Clamp Voltage é Vv 
(Driver and Enabte Inputs} { 
(1K =-18 mA) 
Input Current — Low Logic State 
(Vit = 0.4 V) 
(Enable Input) 
(Driver Inputs) 
Input Current — High Logic State (Vin = 2.7 V) 
(Enabie Input) 
(Driver Inputs) 


Input Current — Maximum Voltage 
(Vinq = 5.5 V) 
{Enable or Driver Inputs) 
Driver Output Voltage — Low Logic State 
(loL = 40 mA} 
(lo, = 70 mA) 
(oy = 100 mA) 
Driver (Bus) Leakage Current 
(VoH = 4.5 V) 
(VoL = 0.8 V) 
Driver (Bus) Leakage Current 
(Veco = OV, VoH = 4.5 V) 
Receiver Input High Threshold 
(VIH(E) =2.4V) 
Receiver Input Low Threshold 
(ViH(E) = 2.4 V) 
Receiver Output Voltage — Low Logic State 
(loL = 20 mA) 
Receiver Output Voltage — High Logic State 
(lon =-1.0 mA) 
Receiver Output Short-Circuit Current (Note 1) 


Power Supply Current ~— Output Low State 
(ViL(e) = OV) 


NOTE 1: One output shorted at a time. Duration not to exceed 1.0 second. 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


aad i 
Characteristic Symbol Min it, Typ Max |__Unit | 
Propagation Delay Time Driver input to Output 


tPLH(D) oe 
tPHL(D) = 


Propagation Delay Time Enable Input to Output tPLH(E) 18 ns 
tPHL(E) _— 13 18 
Propagation Delay Time Bus to Receiver Output tPLH(R) — 10 15 ns 


L 


tPHL(R) | — ieee 15 | 


tTLH(D) 4.0 
tTHL(D) 20 | 40 = 


Rise and Fall Time of Driver Output 


= 
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MC26S10 


SWITCHING WAVEFORMS AND CIRCUITS 


FIGURE 1 — DATA INPUT TO BUS OUTPUT (DRIVER) 


Vcc 
3.0 Vv To Scope 
Oriver (Input) 
( t 
neu Driver To Scope 
Ov (Output) 
Vou Pulse ao 
Driver (Includes 
Generator 
Output probe 
Vv 10% and j'9 
OL capacitance) 
tTLH(D)— = TTHL(D) 
FIGURE 2 — ENABLE INPUT TO BUS OUTPUT (DRIVER) 
Vec 
3.0 Vv To Scope 43.0 V 
Enable apt Driver 
Input 
Ov To Scope 
VOH (Output) 
Driver 50 pF 
Output Pulse (Includes 
VoL Generator Probe 
and jig 
capacitance) 
FIGURE 3 — BUS INPUT TO RECEIVER OUTPUT 
Vec Vv 
Vv To ‘Scope ce 
(0) 2 es (Output) 
Driver 1N916 
Output or £39 


(Input) Vor 


Equivalent 
To a5 15 pF (Total) 
Scope a 
VOH {Input} 
Receiver 
Output : 5v 
VOL 1 50 pF 
“T. (Tota!) Fuse = 
Generator 


= 
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MOTOROLA 


= SEMICONDUCTOR oxy 
TECHNICAL DATA 


HEX BUS RECEIVER WITH INPUT HYSTERESIS 


These high-speed bus receivers are useful in bus organized data 
transmission systems employing terminated 120 Q lines. The receivers 
feature input hysteresis to obtain improved noise immunity. The 
receivers low input current requirement allows up to 27 driver/ 
receiver pairs to share a common bus. A pair of Disable Inputs are 
provided. These Disable Inputs along with the receiver outputs are 
MTTL compatible. 


@ Built in receiver hysteresis 

@ Receiver input threshold is not affected by temperature 
® Propagation delay time - 20ns (Typ) 

@ Direct Replacement for DM8837 


MAXIMUM RATINGS (Ta = 25°C untess otherwise noted.) 


Power Dissipation 
Derate above 25°C 


Operating Ambient Temperature Range 


FIGURE 1 — TYPICAL APPLICATION 


+5.0 V +5.0V 


180 
330 


180 120 2 Data Bus 
390 


HEX BUS 
RECEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


TRUTH TABLE 


Ye 1/4 1/4 
MC3437 DS8641 DS8641 


Disable Output 


L H 


To Computer or Peripherals 


xrycryt 


L 
L 
L 


Le 
Ilo 
Sz 


igh Logic State 
ow Logic State 
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Characteristic 


Receiver Input Threshold Voltage — High Logic State 
(VIL(DA) = 0.8 V,loL = 16MA, VoL <0.4 V) 


Receiver input Threshold Voltage — Low Logic State 

(Vit(DA) = 0.8 V, loH = -400 HA, Voy 22.4 V) 
Receiver Input Current 

(Vi(R) = 4.0 V, Voc = 5.25 V) 

(Vien) = 4.0 V,Voc=0V) 
Disable Input Voltage — High Logic State 

(Vi(R) = 90.5 V, VoL $0.4 V, IOL = 16 mA) 
Disable Input Voltage — Low Logic State 

(Vi(R) = 0.5 V, VoH 2 2.4 V, Igy = -400 nA) 
Output Voltage — High Logic State 

(Vi(R) = 0.5 V, Vit(pa) = 0.8 V, [gH = -400 uA) 
Output Voltage — Low Logic State 

(Vi(Ry = 4.0 V, VIL(DA) = 9.8 V, Io = 16 MA) 
Disable Input Current — High Logic State 

(ViH(DA) = 2.4 V) 

(ViH(DA) = 5.5 V) 
Disable Input Current — Low Logic State 

(Vi(R) = 4.0 V, ViL(DA) = 0.4 V) 
Qutput Short Circuit Current 

(Vi(R) = 9.5 V, Vit(Da) = OV. Voc = 5.25 V) 
Power Supply Current 

(Vi(R) = 0.5 V, Vit(DA) = OV) 
Input Clamp Diode Voltage 7 

(ly) = -12 MA, tip) = -12 MA, 


Propagation Delay Time from Receiver Input to 
High Logic State Output 


Propagation Delay Time from Receiver tnput to 
Low Logic State Output 
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FIGURE 2 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


+5.0 V 


To Scope 30V 
(input) 2.3V 
input 
1.3V 
1N916 or ov— 
Sally 3.0V 4 1 
Pulse 
Generator Disable 
(DA) 
To Scope 
(Output) ov— 
TPHL(R) 
VOH 
Output tPHL(DA) 


1.5V 


Puise 


Generator VoL 


= To Scope 
(Disable) 


FIGURE 3 — TYPICAL HYSTERESIS 


5.0 T T 7 
SHADED AREA REPRESENTS | 
SPECIFIED LIMITS 
2 40 Hees 
$ 4 4 4 
2 30 it. CH 
Y Y 
; Wag AZZ, 
0 1.0 2.0 3.0 4.0 


Vi(R), INPUT VOLTAGE (VOLTS) 


FIGURE 4 — REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/6 Shown) 


Input © 


D1 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-64 


tPLH (DA) 
1.5 V 


O Output 


O Disable 


O Ground 


MOTOROLA 


@ SEMICONDUCIQ: xy 
TECHNICAL DATA 


QUAD GENERAL-PURPOSE INTERFACE 
BUS (GPIB) TRANSCEIVERS 


The MC3440A, MC3441A are quad bus transceivers intended 
for usage in instruments and programmable calculators equipped 
for interconnection into complete measurement systems. These 
transceivers allow the bidirectional flow of digital data and com- 
mands between the various instruments. Each of the transceiver 
versions provides four open-collector drivers and four receivers 
featuring input hysteresis. 

The MC3440A version consists of three drivers controlled by a 
common Enabie input and a single driver without an Enable input. 
Terminations are provided in the device. 

The MC3441A differs in that all four drivers are controlled by 
the common Enable input. Again, the terminations are provided. 


@ Receiver Input Hysteresis Provides Excellent Noise Rejection 
® Open-Collector Driver Outputs Permit Wire-OR Connection 


@ Tailored to Meet the Standards Set by the IEEE and JEC 
Committees on Instrument Interface (488-1978) 


@ Terminations comply with IEEE 488-1978; terminations 
removed when device is unpowered 


Provides Electrical Compatibility with General-Purpose 
Interface Bus 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) (Note 1) 


Power Supply Voltage 
Input Voltage 


Driver Output Current 


Note 1: Devices should not be operated at these values. The “Electrical Characteristics” provide 
conditions for actual device operation. 


TYPICAL APPLICATION — GPIB MEASUREMENT SYSTEM 


Instrument 
A 
(with GPIB) 


Programmable 
Calculator 
(with GPIB) 


Instrument 
B 
(with GPIB) 


MC3440A 


MC3441A 


QUAD INTERFACE 
BUS TRANSCEIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Output and 
Termination 
Gnd 


Receiver 
Output A 


Driver 
Input A 


Driver 
Input B 


Receiver 
Output B 


Logic Gnd[ 8 | 


Output and 
Termination 
Gnd 


Receiver 
Output A 


Driver 
Input A 


Driver 
Input B 


Receiver 
Output B 


Bus B 


Logic Gnd[8 | 


— T— = Bus Termination 


Gages Ve ots 
17k 39k = 
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.5 V < Vcc < 5.5 V and 0 < Tay < 70°C, typical values are at 
Ta = 25°C, Vcc = 5.0 V) 


DRIVER PORTION 


Input Current — Low Logic State 
(Vit = 0.4V, Voc = 5.0 V, Ta = 25°C) 


Input Clamp Voltage 
(iK = —12 mA) 


Output Voltage — High Logic State 
(VIH(S) = 2.4 V or ViL(D) = 0.8 V) 


Output Voltage — Low Logic State 
(ViH(S) = 2.0 V, ViL(E) = 0.8 V, lOL(p) 
(ViH(D) = 2-0 V, ViL(E) = 0.8 V, IOL(D) 

RECEIVER PORTION 


Input Hysteresis _— 400 580 _— mV 


Input Threshold Voltage — Low to High Output Logic State VILH(R) 0.8 0.98 _ Vv 
(Vcc = 5.0 V, Ta = 25°C) 

Input Threshold Voltage — High to Low Output Logic State VIHL(R) _ 1.56 2.0 Vv 
(Vcc = 5.0 V, Ta = 25°C) 

Output Voltage — High Logic State VOH(R) 2.4 — —_ Vv 
(ViL(R) = 9.8 V, loH(R) = —400 uA) 

Output Voltage — Low Logic State VOL(R) — — 0.5 Vv 
(ViH(R) = 2-0 V, loL(R) = 16 mA) 

Output Short-Circuit Current losiR) —20 — —55 mA 


‘ViL(R) = 0.8 V) (Only one output may be shorted at a time) 
BUS TERMINATION PORTION 


Bus Voltage (ViL(p) = 0.8 V) 

(IgBuS = —12 mA) 

(No Load) 

Bus Current 
(ViIL(D) = 0.8 V. VBus 2 5.0 V) 
(VIL(D) = 0.8 V. Vagus < 5.5 V) 
(ViL(D) = 0.8 V. VBus = 0.5 V) 

(Vcc = 0, 0 < Vaus < 2.75 V) 


TOTAL DEVICE POWER CONSUMPTION 
(VIH(D) = 2-4 V, Vit(E) = 0 V) 
SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C) 


DRIVER PORTION 


RECEIVER PORTION 


Propagation Delay Time from Bus Input to High Logic State Receiver Output | tpLH(R) ee ee ee ns 
Propagation Delay Time from Bus Input to Low Logic State Receiver Output | tpHL(R) | — | 25 | 3 | ns 
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MC3440A, MC3441A 
GENERAL PURPOSE INTERFACE BUS APPLICATION 


INSTRUMENT A INSTRUMENT B 


NETRUMENT A - ee 


| 
| | owe | | | | | Ee ! 
| 
| 
esses a | 
(Always 
| Enabled) | 
| | : 


DIO3 Logic (Typical) 


DIOS DIO4 
MC34444 D107 DIO6 | | mcsaaoa 
| bios sRQ 
| (Always 
Enabled) | 
| | E 
D107 
0108 
MC3441A DAV | MC3440A 
EO! | 
| (Always 
Enabled) | 
| (Always | E 
Enabled) (Always 
| Enabled) | 
SRQ ATN 
DAV 1FC 
MC3440A WHES NRED MC3440A 
| a | 7 


en ee Sere _| 16 Lines ie peecs eee aks 


Total 


GPIB SIGNALS: 


8 Line Data Bus: DIO? — DIO8 


5 Generat Interrupt Transfer Control Bus: 3 Data Byte Transfer Control Bus 
REN — Remote Enable DAV — Data Valid 
SRQ — Service Request NRED — Not Ready for Data 
EO! — End or Identify NDAC — Not Data Accepted 
ATN — Attention 16 Total Signa! Lines 
|FC — Interface Clear 
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MC3440A, MC3441A 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 


To Scope 
t 

40°V (Output) se oy 

input 9 
Ov To Scope Receiver 400 
(Input) Output 

Vv 

Our < Driver 
utpu Input 15 pF 
Vou 


Enable 
Input 


Pulse 
Generator 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 


3.0 V 
Driver Input 50% 50% 
Ov 
tPHL(D) 


(Output) Output 
VoL 


0 . 
Driver 


3.0 V 
Input 


Enabie Input 
Pulse 


Generator 


FIGURE 3 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 


Vg, QUTPUT VOLTAGE (VOLTS) 


1.0 
Vi, INPUT VOLTAGE {VOLTS) 
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MOTOROLA 
= SEMICONDUCTQ. yyy MC3446A 
TECHNICAL DATA 


QUAD GENERAL-PURPOSE INTERFACE 


BUS (GPIB) TRANSCEIVER QUAD INTERFACE 
BUS TRANSCEIVER 
The MC3446A is a quad bus transceiver intended for usage in essed bee 


instruments and programmable calculators equipped for inter- 
connection into complete measurement systems. This transceiver 
allows the bidirectional flow of digital data and commands 
between the various instruments. The transceiver provides four 
open-collector drivers and four receivers featuring hysteresis. 


® Tailored to Meet the IEEE Standard 488-1978 (Digital Interface 
for Programmable Instrumentation) and the Proposed IEC 


e@ Provides Electrical Compatibility with General-Purpose Inter- 
face Bus (GPIB) 


MOS Compatible with High Impedance Inputs 
Driver Output Guaranteed Off During Power Up/Power Down P SUFFIX 


Low Power — Average Power Supply Current = 12 mA PLASTIC PACKAGE 
CASE 648 


Terminations Provided: Terminations Removed When Device 
is Unpowered 


PIN CONNECTIONS 


TYPICAL MEASUREMENT SYSTEM APPLICATION 


Instrument 
A 
(with GPIB) 


Programmabie 
Calculator 


ith GPIB) Receiver 
wit Output B 


Receiver 


ne eos Output C 


(with GPIB) 


—T- = Bus Termination 


16 Lines Total 
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MC3446A 
MAXIMUM RATINGS (Tq = 25°C unless otherwise noted.) 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted, 4.5V <Vcc <5.5Vand0<Tya< 70°C, typical values are at Ta = 25°C, Voc =5.0V) 


Symbol | Min | typ | Max | unit _| 


DRIVER PORTION 


Input Voltage — Low Logic State 
Input Current ~ High Logic State 
(Vin = 2.4 V) 
Input Current — Low Logic State 
(ViL = 0.4 V, Voc = 5.0 V, Ta = 25°C) 
Input Clamp Voltage 


(WK = -12 mA) 
Output Voltage — High Logic State (1) 

(ViH(s) = 2-4 Vor Vip (p) = 2.0 V) 
Output Voltage - Low Logic State 

(Vit(s) = 9.8 V, VIL(D) = 0.8 V, loL(p) = 48 mA) 
Input Breakdown Current 

(Vi(p) = §.5 V) 


RECEIVER PORTION 


Input Hysteresis 


Input Threshold Voltage — Low to High Output Logic State Rite —— 
Input Threshold Voltage — High to Low Output Logic State | VinLiR) | 


Output Voltage — High Logic State VOH(R) ee 
(ViHIR) = 2.0 V, |OH(R) = -400 BA) 

Output Voltage — Low Logic State iE See Se 
(ViL(R) = 9.8 V, loL(R) = 8.0 mA) 

Output Short-Circuit Current 'os(R) 
(ViH(R) = 2.0 V) (Only one output may be shorted at a time) ne a 


BUS LOAD CHARACTERISTICS 
Bus Voltage 


(ViH(E) = 2-4 V) 

(Bus = -12 MA) 

Bus Current (Vin(o)= 2-4 V. Veaus 25.0 V) 
(Vinip) = 2.4 Vv. Vgus = 0.5 V) 
(Vgeus <5.5 V) 

(Vcc = 0,0 V < Vgus < 2.75 V) 

TOTAL DEVICE POWER CONSUMPTION 

Power Supply Current 

{All Drivers OF F) 
(All Drivers ON) 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ty = 25°C) 


Characteristic 


DRIVER PORTION 


Propagation Delay Time from Driver Input to Low Logic State Bus Output ed al eat 
Propagation Delay Time from Driver Input to High Logic State Bus Output eT a 
Propagation Delay Time from Enable Input to Low Logic State Bus Output 
Propagation Delay Time from Enable Input to High Logic State Bus Output 


tPLH(E) 
RECEIVER PORTION 


Propagation Delay Time from Bus Input to High Logic State Receiver Output] tpLH(R) 


Propagation Delay Time from Bus Input to Low Logic State Receiver Output} tpHL(R) 
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FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 


To Scope 


(Output) +5.0V 


To Scope 
(Input) 


Receiver 
Output 


1k 


tPLH(R) 
VOH 


Out Driver 
utput 


Input 


VoL 


Pulse 
Generator 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 


To Scope +5.0 V 


(Input) To Scope 


(Output) 30V — 


Driver !nput 
or Enable 
Ov 


TPLH(D) eal 


VoH — 
Output 


FE 
20'P VoL 
= Input 


* Includes Probe and Jig Capacitance 


50% 50% 
¥ Driver 


input 'PHL(D) 


Pulse 
Generator 


FIGURE 3 — TYPICAL RECEIVER HYSTERESIS FIGURE 4 — TYPICAL BUS LOAD LINE 
CHARACTERISTICS 


Vcc = 
TA= 


IgUS, BUS CURRENT (mA) 


Vg, OUTPUT VOLTAGE (VOLTS) 


0 0.5 1.0 15 2.0 -4.0 -20 0 2.0 4.0 6.0 
V,, INPUT VOLTAGE (VOLTS) Vgus, BUS VOLTAGE (VOLTS) 
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MOTOROLA 
a SEMICONDUCTOR oy 
TECHNICAL DATA 


BIDIRECTIONAL INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 


This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPIB). The required bus ter- 
mination is internally provided. 


OCTAL BIDIRECTIONAL 
BUS TRANSCEIVER 
WITH 


TERMINATION NETWORKS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Low power consumption has been achieved by trading a min- 
imum of speed for low current drain on non-critical channels. A 
fast channel is provided for critical ATN and EOI paths. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of 
each channel is enabled by a Send/Receive input with the disabled 
output of the pair forced to a high impedance state. The receivers 
have input hysteresis to improve noise margin, and their input 
loading follows the bus standard specifications. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


@ Low Power — 
Average Power Supply Current = 30 mA Listening 


P SUFFIX 
PLASTIC PACKAGE 


75 mA Talking CASE 649 

@ Eight Driver/Receiver Pairs 
@ Three-State Outputs 
@ High Impedance Inputs 
@ Receiver Hysteresis — 600 mV (Typ) P3 SUFFIX 
@ Fast Propagation Times — 15-20 ns (Typ) PLASTIC PACKAGE 
@ TTL Compatible Receiver Outputs CASE 724 
@ Single +5 Volt Supply 
@ Open Collector Driver Output with Terminations 
@ Power Up/Power Down Protection 

(No Invalid Information Transmitted to Bus) 
@ No Bus Loading When Power is Removed From Device 
@ Terminations Provided: Termination Removed When Device is 


Unpowered 


TYPICAL MEASUREMENT 
SYSTEM APPLICATION 


instrument 
A 
(With GPIB) 


Programmable 
Calculator 
(With GPIB) 


Instrument 
B 
(With GPIB) 


Bus 


Terminations 


—T-©O Bus — Indicates 


16 Lines Total 
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MC3447 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
Power Supply Voltage 7.0 Vdc 
Vde 


mA 
le) 


Input Voitage 5.5 


'0(D) 150 
150 


Ty C 


Driver Output Current 


Junction Temperature 


Operating Ambient Temperature Range 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted 4.50 V< Vcc < 5.50 V and 0 < Tay < 70°C; typical values are at Ta = 25°C, Vec = 5.0 V) 


Characteristic — Note 1 


Bus Voltage 


(Bus Pin Open}(Vi(s/R) = 0.8 V) 
(I(Bus) = -12 mA) 


Bus Current 
(5.0 V < V(Bus) < 5-5 V) 


(V(Bus) = 0.5 V) 
(Vcc =O V,0V < Vipus) < 2.75 V) 


Receiver Input Hysteresis 
(Vi(s/R) =0.8 V} 
Receiver Input Threshold 
(Vi(s/R} = 0.8 V) Low to High 
High to Low 
Receiver Output Voltage — High Logic State 
(Vi(S/R) = 0.8 V, IOH(R) = ~200 HA, V(Bus) = 2-0 V) 
Receiver Output Voltage — Low Logic State 
(Vi(s/R) = 90.8 V, IoL(R) = 4.0 mA, (V (Bus) = 0.8 V 
Receiver Output Short Circuit Current 7 
(Viis/R) = 98 V, ViBus) = 2-0 V) 
Driver Input Voltage — High Logic State 
(Vi(s/R) = 2.0 V) 
Driver Input Voltage — Low Logic State 
(Vi(S/R) = 2.0 V) 
Driver Input Current — Data Pins 
(Vi(s/R) = 2.0 V) 
(0.5 < Vi(p) < 2.7 V) 
(Vi(D) = 5.5 V) 
Input Current — Send/Receive 
(0.5 < Vu(sjR) < 2.7 V) 
(Viqs/R) = 85 V) 
Driver Input Clamp Voltage 
(Vits/R) = 2.0 V, lye(p) = -18 mA) 
Driver Output Voltage — High Logic State 
(Vis/R) = 2.0 V, ViH(D) = 2.0 V) 
Driver Output Voltage — Low Logic State (Note 2) 
(Vi(S/R) = 2.0 V, ViL(D) = 0-8 V, loL(D) = 48 mA) 
Power Supply Current 
(Listening Mode — All Receivers On) 
(Talking Mode — All Drivers On) 


oa 


NW 
ao 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted) 
Propagation Delay of Driver 
(Output Low to High) tPLH(D) 
(Output High to Low) tPHL(D) 
Propagation Delay of Receiver (Channels 0 to 5, 7) 
(Output Low to High) tPLH(R) 
(Output High to Low) tPHL(R) 
Propagation Delay of Receiver (Channel 6, Note 3) 
(Output Low to High) tPLH(R) 
(Output High to Low) tPHL(R) 


7.0 
16 
28 
15 
7 
12 


NOTES: 1. Specified test conditions for Vjjg/R) are 0.8 V (Low) and 2.0 V (High). Where Vi(s/R) is specified as a test condition, V\(5/R) uses the 
opposite logic levels. 
. The IEEE 488-1979 Bus Standard changes Vo_(p) from 0.4 to 0.5 V maximum to permit the use of Schottky technology. 
3. In order to meet the JEEE 488-1978 Standard for total system delay on the ATN and EO! channels, a fast receiver has been provided on 
Channel 6 (Pins 9 and 16). 


nN 
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SWITCHING CHARACTERISTICS (continued) (Vcc = 5.0 V, Ta = 25°C unless otherwise noted) 


Characteristic Symbol 


Propagation Delay Time — Send/Receiver to Data 
Logic High to Third State tPHZ(R) 
Third State to Logic High tPZH(R) 
Logic Low to Third State tPLZ(R) 
Third State to Logic Low tPZL(R) 


Propagation Delay Time — Send/Receiver to Bus 
Logic Low to Third State tPLZ(D) 
Third State to Logic Low tPZL(D) 


PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) 


To Scope 
(Output) +5.0V 


3.0 V 


Input To Scope 
Ov (!nput) 
tPLH(R) tPHL(R) 
VOH 
Output 15 V 1.5 V 


VOL 


f= 1.0 MHz 
trLH = tTHL S 5.0 ns (10-90) 
Duty Cycle = 50% 

Send/ ‘Includes Jig 
Rec and Probe Capacitance 


Pulse 
Generator 


FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER) 


To Scope 
(Input) 


To Scope 


(Output) 3.0 V 
3.0 V 


Driver Input 


or Enable 
51 om 
Bore tPLH(D) *PHL(D) 
Generator VOH 
Output 
cy." 30 pF , 

bE VOL 

= = 1.0 MHz 
* Includes Ji = 

ncludes Jig = tTLH = tTHL < 5.0 ns (10-90) 


and Probe Capacitance 
Duty Cycle = 50% 


FIGURE 3 — SEND/RECEI!IVE INPUT TO BUS OUTPUT (DRIVER) 


To Scope 
{Output) 
3.0 V 
Input 
ov 
= Output = 3.0V 


To Scope Low to Open 


51 10% O8V VoL 


(Input) ov 
t 

be PLZ(D) H tezL(D) 

Generator 3.0V f= 1.0 MHz 


Cy = 30pF (Includes Jig and tTLH = tTHL = < 5.0 ns (10-90) 
Probe Capacitance 
Duty Cycle = 50% 
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 


3.0 V 
5.0 V 


To Scope 


51 (Output) 


1.2k 


(Input) 


51 Cy = 15 pF (includes Jig 


and Probe Capacitance) 


Pulse 


- FIGURE 5 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 


Vee = 5.0 V 
Tp = 25°C 


Vg, OUTPUT VOLTAGE (VOLTS) 


V,, INPUT VOLTAGE (VOLTS) 


igys, BUS CURRENT (mA) 


3.0 V 
Input 

av 

VOH 
Output 
High to Open av 
Output 5.0 V 
Low to Open 10% 1.5V ey 

SlLioy 


tpLZ(R) f+ tezuiA) 
f= 1.0 MHz 


tTLH = tTHL = © 5.0 ns (10-90) 
Duty Cycle = 50% 


FIGURE 6 — TYPICAL BUS LOAD LINE 


. £20 
Vaus. BUS VOLTAGE (VOLTS) 


6.0 


FIGURE 7 — SUGGESTED PRINTED CIRCUIT BOARD LAYOUT USING MC3447s AND MC68488 
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FIGURE 8 — SIMPLE SYSTEM CONFIGURATION 
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FIGURE 9 — SUGGESTED PIN DESIGNATIONS FOR USE WITH MC68488 


MC68488 MC68488 
Connections MC3447 Pin Designations Connections 


S/R (0) Vec 


Data 0 0 Bus O 
Data 1 Bus 1 
Data 2 Bus 2 
Data 3 Bus 3 
Data 4 Octal Bus 4 
GPIB 

Data 5 Transceiver Bus 5 
S/R (5) S/R (1-4) 
Data 6 Bus 6 
Data 7 Bus 7 
S/R (6) S/R (7) 


Logic Gnd Bus Gnd 


MC3447 
(2) 
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MOTOROLA 
= SEMICONDUCTOR xox 
TECHNICAL DATA 


BIDIRECTIONAL INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 


This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPIB). The required bus ter- 
mination is internally provided. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of 
each channel is enabled by its corresponding Send/Receive input 
with the disabled output of the pair forced to a high impedance 
state. An additional option allows the driver outputs to be oper- 
ated in an open collector!) or active pull-up configuration. The 
receivers have input hysteresis to improve noise margin, and their 
input loading follows the bus standard specifications. 


Four Independent Driver/Receiver Pairs 
Three-State Outputs 
High Impedance Inputs 
Receiver Hysteresis — 600 mV (Typ) 
Fast Propagation Times — 15-20 ns (Typ) 
TTL Compatible Receiver Outputs 
Single +5 Volt Supply 
Open Collector Driver Output Option(1) 
Power Up/Power Down Protection 
(No Invalid Information Transmitted to Bus) 
@ No Bus Loading When Power Is Removed From Device 
@ Terminations Provided: Termination Removed When Device 
is Unpowered 


(1) Selection of the “Open Collector’ configuration, in fact, selects an open collector device with a 
passive pull-up load/termination which conforms to Figure 7, IEEE 488-1978 Bus Standard. 


TRUTH TABLE 
| Send/Rec. Enable 


Info. Flow Comments | 


0 x Bus — Data —_ 
1 1 Data — Busj Active Pull-Up 
1 0 Data — Bus Open Col. | 


X - Don't Care 


TYPICAL MEASUREMENT 
SYSTEM APPLICATION 


Instrument 
A 
(With GPIB) 


Instrument 
B 
(With GPIB) 


Programmable 
Calculator 
(With GPIB) 


16 Lines Total 


MC3448A 


QUAD THREE-STATE 
BUS TRANSCEIVER WITH 
TERMINATION NETWORKS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


1 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751B 
(SO-16) 


vil 
1 


PIN CONNECTIONS 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pull-Up 
Enable 
Input C-D 


- = Bus Termination 


-T 
Vcc 


17k 39k 
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MAXIMUM RATINGS (Ty, = 25°C unless otherwise noted) 


T 
T 


Operating Ambient Temperature Range 0to +70 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted 4.75 V < Vcc < 5.25 V and0 < Ta < 70°C; typical values are at Ta = 25°C, Vcc = 5.0 V) 


Characteristic 


Bus Voltage 
(Bus Pin Open)(Vj(s/R) = 0.8 V) V (BUS) 2.75 
(\(Bus) = -12 mA) Vic(BUS} = 
Bus Current \(BUS) 


(5.0 V < Vipus) < 5.5 Vv) 
(Vipus) = 0.5 Vv) 

(Vcc =0V,0V < Vigus) < 2.75 V) 
Receiver Input Hysteresis 
(VitS/R) = 0.8 V) 
Receiver Input Threshold 
(Vi(s/R) = 0.8 V, Low to High) 
(Vi(s/R) = 90.8 V, High to Low) 


Receiver Output Voltage — High Logic State 
(Viis/R) = 9.8 V, lOH(R) = -800 HA, ViBus) = 2.0 V) 


Receiver Output Voltage — Low Logic State VOLIR) 
(Vi(s/R) = 9.8 V, lo“(R) = 16 MA, V(Bus) = 0-8 V) pou 
Receiver Output Short Circuit Current los(R) 
(Vi(s/R) = 0-8 V, Vipus) = 2.0 V) eu 
Driver Input Voltage — High Logic State VIH(D) 
(VI{S/R) = 2.0 V) aes, 
Driver Input Voltage - Low Logic State ViL(D) 
(Vi(s/R)} = 2.0 V) Bes 


Driver Input Current — Data Pins 
(Vi(S/R) = Vi(E) = 2.0 V) 
(0.5 < Vy(p) < 2.7 V) 
(Vi(p) = $.5 Vv) 
Input Current — Send/Receive 
(0.5 < Viis/R) < 2.7 V) 
(V1(S/R) = 9-5 V) '1B(S/R) 
Input Current — Enable 
(0.5 < Vie) < 2.7 V) 


(Vite) = 5.5 V) BIE) 
Driver Input Clamp Voltage Vic(D) 
(Vi(S/R) = 2.0 V, liciD) = - 18 MA) eal 
Driver Output Voltage — High Logic State VOHI(D) 
(Vi(s/R) = 2.0 V, ViH(D) = 2.0 V, Vin(E) = 2.0 V. tgH = -5.2 mA) Roe 
Driver Output Voltage — Low Logic State (Note 1) 
: 


(Viis/R) = 2.0 V, IoL (Dp) = 48 mA) 
lect 
ICCH 


Output Short Circuit Current 
(Vi(S/R) = 2-0 V, Vin(D) = 2.0 V. Vinnie) = 2-0 V) 
SWITCHING CHARACTERISTICS (vcc = 5.0 V, Ta = 25°C unless otherwise noted) 
Propagation Delay of Driver 


Power Supply Current 
(Listening Mode — All Receivers On) 
(Output Low to High) tPLH(D) 
{Output High to Low) tPHL(D) 


VILH(R) 
VIHLIR) 


2 
2 


ID) -200 
11B(D) 


a 
15 
0 


N(s/R) 


2.5 
30 


ean 
on 


= 
o 

QoQ 

ow 


(Talking Mode — All Drivers On) 


Propagation Delay of Receiver 
{Output Low to High) tPLH(R) 
(Output High to Low) tPHL(R) 


NOTE 1. A modification of the |EEE 488-1978 Bus Standard changes VOL(D}) from 0.4 to 0.5 V maximum to permit the use of 
Schottky technology. 
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SWITCHING CHARACTERISTICS (continued) (Vcc = 5.0 V, Ta = 25°C unless otherwise noted) 


Characteristic 


Propagation Delay Time — Send/Receive to Data 
Logic High to Third State tPHZ(R) 
Third State to Logic High tPZH(R) 
Logic Low to Third State tPLZ(R) 
Third State to Logic Low tPZL(R) 


Propagation Delay Time -- Send/Receive to Bus 


Logic High to Third State tPHZ(D) 
Third State to Logic High tPZH(D) 
Logic Low to Third State tPLZ(D) 
Third State to Logic Low tPpZL(D) 


Turn-On Time — Enable to Bus 
Pull-Up Enable to Open Collector tPOFF(E) 
Open Collector to Pull-Up Enable tPON(E) 


PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) 
To Scope 


(Output) +5.90V 


3.0 V 
Input To Scope 240 
ov (Input) 
tPLH(R) tPHL(R) 
VOH 
Output 1.5V 1N916 


f= 1.0 MHz You 
tTLH = tTHL < 5.0 ns (10-90) 


Duty Cycle = 50% 


Pulse 
Generator 


*Includes Jig and 
Probe Capacitance 


FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER) 


To Scope 3.0V To Scope 
i 
(input) ) (Output) 2.3 V 
0 ; 3.0 V 
Driver Input 
or Enabie 
38.3 ov 
Pulse tPLH(D) TPHL(D) 
Generator Vv 
OH 
Output 
VoL 
f= 1.0 MHz 
* Includes Jig = =t < 5.0 (10--90) 
and Probe Capacitance Pull-Up Enable ery here ge te : 


Duty Cycle = 50% 


FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER) 


To Scope 


@ZL (Output) 


Input 
Pull-Up ZL tPZH(D) 
Enable Bus 
ie o Output 
ie Ra ZH 13.5 High to Open 
ZL 
To Scope Output 
(Input) 1.1Vv Low to Open 10% 
Pulse 
Generator tPLZ(D) 


CL = 15 pF (Inctudes Jig and 
Probe Capacitance 
—? tTLH = tTHL = S 5.0 ns (10-90) 


Duty Cycle = 50% 


f= 1.0 MHz 
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FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 


input 


5.0 V 
To Scop: 
3.0V (Output) 5 
80 
ZH ZL 
[2 Bus Data Output 
O High to Open 
3k 


Output 5.0V 


15V 


CL ZH 
To Scope 
(Input) 


Low to Open 10% Vv 
= tPLZ(R) [+ tPzLiR) 
Bile 51 CL = 15 pF (includes Jig f= 1.0 MHz 
Generator and Probe Capacitance) tTLH = ITHL = XS 5.0 ns (10-90) 
— Duty Cycle = 50% 
FIGURE 5 — ENABLE INPUT TO BUS OUTPUT (DRIVER) 
To Scope 
3.0 V 
9 (Ovtput) 
Pull-Up 3.0V 
Y Enable Bus Enable Input 
0 > 0 ov 
Send/Rec Ha 
. <a ONE): tPOFF(E) 
CL? Vv 
To Scope | “ya 480 OH 
(Input) Output 
=1.0V 
Pulse u0 Voc 
Generator 2 = f= 1.0 MHz 


C_ = 15 pF (Includes Jig 
and Probe Capacitance tTLH = tTHL = < 5.0 ns (10-90) 


Duty Cycle = 50% 


FIGURE 6 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS FIGURE 7 — TYPICAL BUS LOAD LINE 


TT 


igus. BUS CURRENT (ma) 


Vg, OUTPUT VOLTAGE (VOLTS) 


0 0.5 1.0 1.5 26 
V,, INPUT VOLTAGE (VOLTS) Veus, BUS VOLTAGE (VOLTS) 
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FIGURE 8 — SIMPLE SYSTEM CONFIGURATION 
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NOTE 1: Although the MC3448A transceivers 
are non-inverting, the 488-1978 bus callouts 
appear inverted with respect to the MC68488 
pin designations. This is because the 488-1978 
Standard is defined for negative logic, while 
all M6800 MPU components make use of 
positive logic format. 
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NOTE 2: Unless proper considerations are 
provided, it is recommended that the pull-up 
enable pins on the MC3448As be grounded, 
selecting the open-collector mode. 
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= SEMICONDUCTOR Soy 
TECHNICAL DATA 


QUAD LINE RECEIVERS 


QUAD MTTL COMPATIBLE WITH COMMON THREE-STATE 
LINE RECEIVERS STROBE INPUT 
The MC3450 features four MC75107 type active pullup line 
receivers with the addition of a common three-state strobe input. SILICON MONOLITHIC 
When the strobe input is at a logic zero, 2ach receiver output state is INTEGRATED CIRCUITS 


determined by the differential voltage across its respective inputs. 
With the strobe high, the receiver outputs are in the high impedance 
state. 


The MC3452 is the same as the MC3450 except that the outputs L SUFFIX 
are open collector which permits the implied ‘“AND” function. CERAMIC PACKAGE 
The strobe input on both devices is buffered to present a strobe CASE 620 


loading factor of only one for all four receivers and inverted to 
provide best compatability with standard decoder devices. 


1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 16 


1 
D SUFFIX 
PLASTIC PACKAGE 
CASE 751B ‘a 
1 


(SO-16) 
PIN CONNECTIONS 


@ Receiver Performance Identical to the Popular 
MC75107/MC75108 Series 


@ Four Independent Receivers with Common Strobe tnput 
@ Implied “AND” Capability with Open Collector Outputs 
@ Useful asa Quad 1103 type Memory Sense Amplifier 


Output A 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4 k WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


Strobe 


7 
1K WORD 1K WORO 1K WORD 1K WORD 
MOS MEMORY |. |MOS MEMORY MOS MEMORY MOS MEMCRY 


1K WORD 1 1K WORD 1K WORO le 1K WORID 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMCRY 
oes 
1K WORD 1K WORD 1K WORD be 1K WORID 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMCRY 
+ 


———_— 
1K WORD 1K WORD 1K WORD 1K WORD aL 
mos MeMoRyIy [Mos MEMORY] [MOS MEMORY [mos MEMORY ODATA BIT 4 


200 


Input 


200 
pes ODATA BIT #3 Vip > 
+25 mV 


DATA BIT OUTPUT #2 


O DATA BIT 22 -25mV< 


L 
Vip = +25 mV H 
DATA BIT OUTPUT 71 
Bk 4 QO DATA BIT #1 VID < L L L 
-25 mV 
STRCBE x : zl cals 
L = Low Logic State 
: ; H = High Logic State 
df 
Only four MC3450 devices are required for Z = Third (High impedances) Stata 
|= 


a 4k word by 16-bit memory system. Indeterminate State 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-83 


MC3450, MC3452 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Power Dissipation (Package Limitation) 
Ceramic Dual In-Line Package 
Derate above Ta = +25°C 
Plastic Dual In-Line Package 
Derate above Ta = +25°C 


Operating Temperature Range 


Character istic 
Power Supply Voltages 


Output Load Current 


Differential Mode Input Voltage Range 
Common Mode Input Voltage Range 


Characteristic 


High Level Input Current to Receiver Input 
Low Level Input Current to Receiver Input 


High Level Input Current to Strobe Input 
VIH(S) = +2.4V 
ViH(s) = +5.25 V 


Low Level Input Current to Strobe Input 
VIL(S) = +0.4V 


High Logic Level Supply Current from Veg {EEH 


aes ee 

i rtwertatowear | OH | | 
Time (Differential Inputs) 

nee herman 
Time (Differential Inputs) 

ker meal 
Delay Time (Strobe) 


High Logic Level to Open State Propagation 
Delay Time (Strobe) 
Open State to Low Logic Level Propagation jwezus) | | 
Delay Time (Strobe) 
Low Logic Level to Open State Propagation reas) | ot 
Delay Time (Strobe) 
High Logic to Low Logic Level Propagation tPHL(S) Loew 
Delay Time (Strobe) 
Low Logic to High Logic Level Propagation tPLH(S) 12 25 ns 
Delay Time (Strobe) 
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FIGURE 2 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


Vec oO 


INPUT 


TO OTHER 
VEE oO RECEIVERS 


Dashed components apply to the MC3450 circuit only. 


TEST CIRCUITS 
FIGURE 3 — Icex. Vou, AND Vol 7 


v1 u — 44.75 V 
15 
v2 = | 
14 TEST TABLE 
13 
108M MC3450 42 ; vi v2 v3 va 
MEs452 1 ae MC3450 |MC3452 | MC3450 | MC3452 | MC3450 | MC3452 |MC3450| MC3452 u 
v3 *s0v] = GND - 
10 +0.4mA 
v4 el GND e -3.0V = 
if +3.0V - GND - 
J GND | GND 
(MC3452) ‘i 
Channel A shown under test. Other channeis are tested similarly. 
+5.25 V 
'cex 


Vou °F VoL 


FIGURE 5 — Iy(s) AND IL(s) 


-5.25 Vv 


MC3450 
Mc3452 : WHOFTL 


ViH(s) OF 
Vitis) 
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TEST CIRCUITS (continued) 


FIGURE 6 — los FIGURE 7 — iy 


+§.25 V 


Mc34s0 ¥ +3.0V Mc3450 
MC3452 -5.25 V 
Channel A shown under test, other channels are tested similarly. Channel! A(-) shown under test, other channels are tested 
Only one output shorted at a time. 


similarly. Devices are tested with V1 from +3.0 V to -3.0 V. 


FIGURE 8 — Ni, FIGURE 9 — logs 


+3.0V O +6.25 V 
45.25 V re 
Be) : 
O © 
Per a Aneel a ee . 
MC3450 
O O -5.25 V 
-5.25 V 
O © 
; 
Gi i lon 
Channel! A(-} shown under test, other channels are tested 


similarly. Devices are tested with V1 from +3.0 V to -3.0 V. Output of Channel A shown under test, other outputs are 


tested similarly for V1 = 0.4 V and +2.4V. 


FIGURE 10 — RECEIVER PROPAGATION DELAY tp_y(p) AND tpHL(D) 


+5.0V 
+100 mV 
200 mV -—----~ 
Ein 
MC3450 ov 
MC3452 TPLH(D) TPHL(D) 
VOH-7 7777 
Ein Eo 


VoL 


E in Waveform characteristics: 


TTLH 4nd tr HL <10 ns measured 10% to 90% 
PRR = 1.0 MHz 


. Duty Cycle = 500 ns 
Output of Channel B shown under test, other channels are tested similarly. 


Stat “A” for MC3452 
$1 at ‘’B’’ for MC3450 
C, = 15 pF total for MC3452 
Cy = 50 pF total for MC3450 
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TEST CIRCUITS (continued) 


FIGURE 11 — STROBE PROPAGATION DELAY TIMES tp.iz(s): tPzL(s) tPHZ(S) and tPZH(S) 


+5.0 V 


Preznisr[ en _[roomv | oven [owe | S0rF 


Cy. includes jig and probe capacitance. 


MC3450 


Ein waveform characteristics: 

tT LH and trHL S10 ns measured 10% to 90%. 
PRR = 1.0 MHz 
Duty Cycie = 50% 


Output of Channel B shown under test, 
other channels are tested similarly. 


Ein 

tPLz(s) tPHz(S) -- tPHz(s) 
Vg H-0.5 ¥ 
e=1.5V 
3.0V. 
Ein 50% 
ov . 
— preae 9 

tpzLis) ipzigisl PZH(S) 


VoH—-—-_-- i= 
As fi 
zOV 


+5.0 V 


+100 mV 


E 
MC3452 ° 


15 pF 


‘Taresn 


E jn waveform characteristics: 

tTLH and tr HL <10 ns measured 10% to 90% 
PRR = 1.0 MHz 

Duty Cycle = 500ns 


Output of Channel B shown under test, other channels are tested similarly. 
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APPLICATIONS INFORMATION 
FIGURE 13 — IMPLIED “AND” GATING FIGURE 14 — BIDIRECTIONAL DATA TRANSMISSION 
Vref 


+5.0 V Vref 


1/4 (MC4042) 
CIRCUIT 


ee OL eaten ee 


+5.0V 
ADDRESS #1 


180 


COMPUTER MEMORY 
BUS BUS 
ADORESS #2 380 STROBE 


Pa 


STROBE 1/4 (MC3450) 


CIRCUIT 
ADDRESS #3 


The three-state capability of the MC3450 permits 
bidirectional data transmission as illustrated. 


OUTPUT 
ADDRESS #4 


The MC3452 can be used for address decodiny as illustrated 
above. All outputs of the MC3452 are tied together through a 
common resistor to +5.0 volts. in this configuration the MC3452 
provides the “AND” function. All addresses have to be true 
before the output will go high. This scheme eliminates the need 


for an “ANO” gate and enhances speed throughput for address 
decoding. 


FIGURE 15 — SINGLE-ENDED UNI-BUS* LINE RECEIVER FIGURE 16 — WIRED “OR” DATA SELECTION USING 
APPLICATION FOR MINICOMPUTERS THREE-STATE LOGIC 


1N914 
or equiv 


3k 
GK +5.0V 


Vref = 2.01 9x 2222 oF equiv 
HOV Jo por-r----—-s 


180 -———- 
DATA 
DATA BUS + 
ov 
as 390 
0 = : i 


rai DATA 

o-++ + DATA 
LINES 

3902 +5.0Vv 


STROBE 


DATA 
OUTPUT 
DATA BUS @® 


1% 


ADDRESS BUS 


ADDRESS 
+5.0V 
180 
CONTROL 
CONTROL BUS & 
390 
Mc3450 
+ MC3452 
STROBE @ o {So “Trademark of Digital 
ps Equipment Corp 


TO ADDITIONAL 


STROBE 
RECEIVERS 


The MC3450/3452 can be used for single-ended as well as 
differential line receiving. For single-ended line receiver appli- 
cations, such as are encountered in minicomputers, the con- 
figuration shown in Figure 15 can be used. The voitage source, 
which generates Vref, should be designed so that the Vre¢ 
voltage is halfway between VouHimin) and VoLimax). The 
maximum input overdrive required to guarantee a given logic 
state is extremely small, 25 mV maximum. This low-input over- A2 
drive enhances differential noise immunity. Also the high-input 
impedance of the line receiver permits many receivers to be 
placed on a single line with minimum load effects. 


Al 
1/2 MC4007 
CIRCUIT 


mI 
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APPLICATIONS INFORMATION (continued) 


FIGURE 17 — PARTY-LINE DATA TRANSMISSION SYSTEM 
WITH MULTIPLEX DECODING 


DATA 
OUTPUTS 


DATA 
INPUTS 


?| 


MC3450 DATA 
MC3452 OUTPUTS 


DATA 
INPUTS 


DATA 
INPUTS 


MC 3450 DATA 
MC3452 OUTPUTS 


DATA DATA 
INPUTS OUTPUTS 


STROBE 
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m= SEMICONDUCTOR oxy 
TECHNICAL DATA 


QUAD LINE DRIVER WITH 
COMMON INHIBIT INPUT 


SILICON MONOLITHIC 
The MC3453 features four SN75110 type line drivers with a INTEGRATED CIRCUIT 
common inhibit input. When the inhibit input is high, a constant 
output current is switched between each pair of output terminals 
in response to the logic level at that channel’s input. When the 
inhibit is low, all channel outputs are nonconductive (transistors 
biased to cut-off). This minimizes loading in party-line systems 
where a large number of drivers share the same line. 
@ Four Independent Drivers with Common Inhibit Input 
@ —3.0 Volts Output Common-Mode Voltage Over Entire 
Operating Range 


® Improved Driver Design Exceeds Performance of L SUFFIX 
Popular SN75110 CERAMIC PACKAGE 


CASE 620 


MTTL COMPATIBLE QUAD LINE DRIVER 


P SUFFIX 


PACKAGE 
FIGURE 1 — PARTY-LINE DATA TRANSMISSION SYSTEM WITH PEASE PAC 


MULTIPLEX DECODING 


CASE 648 


PIN CONNECTIONS 


oaTa 
OuTPUTS 


INPUT B 


OUTPUT A 
Zz Y 
OUTPUT B 
2 Zz 
OUTPUT C 
Y. Zz 
OUTPUT D 
INHIBIT Y 


INPUT C INPUT D 


VEE 


TRUTH TABLE 
(positive logic) 
Output 


Current 
z Y 


On Off 


Off On | 
: 


Off Off 
Off Off 


Low Logic Level 
High Logic Level 


L 
H 
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MAXIMUM RATINGS (T, = 0 to +70°C untess otherwise noted.) 


Power Supply Voltage 


Logic and Inhibitor Input Voltages 
Common-Mode Output Voltage Range 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual In-Line Packages 1000 
Derate above Ta = +25°C 6.6 


Operating Ambient Temperature Range 
Storage Temperature Range -65 to +150 °C 
Plastic and Ceramic Dual In-Line Packages 
Symoot__| Min ‘| 


Power Supply Voltages 44.75 
VEE 7 
Common-Mode Output Voltage Range VocrR 
Positive 


Notes: 1. These voltage values are in respect to the ground terminal. 
2. When not using all four channels, unused outputs must be grounded. 


fl 
psy 
~s 
a 


DEFINITIONS OF INPUT LOGIC LEVELS* 
Characteristic 


High-Level Input Voltage (at any input) 
Low-Level Input Voltage (at any input) 


*The algebraic convention, where the most positive limit is designated maximum, is used with Logic Level Input Voltage Levels only. 7 


ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C unless otherwise noted.) 
Characteristic# # 
High-Level Input Current (Logic Inputs) 
(Voc = Max, Veg = Max, Vip, = 2.4 V) 
(Voc = Max, Veg = Max, Vi, = Vcc Max) 


Low-Level Input Current (Logic Inputs) 
(Vec = Max, Veg = Max, Vity = 0.4 Vv) 
High-Level Input Current (Inhibit Input) 


(Vcc = Max, Veg = Max, Vin, = 2.4 V) 
(Voc = Max, Veg = Max, Vip, = Vcc Max) 


Low-Level Input Current (Inhibit Input) 
(Vec = Max, Veg = Max, ViL, = 0.4 Vv) 


Output Current (‘‘on” state) 
(Vec = Max, Veg = Max) 
(Voc = Min, Veg = Min) 

Output Current (“‘off’’ state) 
(Vec = Min, Veg = Min) 


Supply Current from Vcc (with driver enabled) 
(Vit, = 0.4 V, Vin, = 2.0 V) 


Supply Current from Vee (with driver enabled) 
(Vie =0.4V, Vi = 2.0 V) 


Supply Current from Vcc (with driver inhibited) 
(Vv; LL * 0.4V, Vy Ly = 0.4 V} 


Supply Current from Veg (with driver inhibited) 
(WiLL 20.4 V, Vii, = 0-4 V) 


#All typical values are at Vcc = +5.0 V, Veg = -5.0 V, Ta = +25°C. 
##F or conditions shown as Minor Max, use the appropriate value specified under recommended operating 
conditions for the applicable device type. 
Ground unused inputs and outputs. 
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SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Veg = -5.0 V, Ta = +25°C.) 


Propagation Delay Time from Logic Input to tPLHL 
Output Y or Z (Ry = 50 ohms, Ci = 40 pF) tTPHLL ; 

Propagation Delay Time from Inhibit Input tPLH, > 16 25 ns 
to Output Y or Z (Ry = 50 ohms, C, = 40 pF) tPHL co 20 25 


FIGURE 2 — LOGIC INPUT TO OUTPUTS PROPAGATION FIGURE 3 — INHIBIT INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS DELAY TIME WAVEFORMS 


e— 200 ns a 
268 tt 1.0 us 3.0 V 1.0 us 
50% 50% 50% INHIBIT 
LOGIC INPUT INPUT 50% 50% 
ov 
>| tHE, Ov 
—> fete LH . ‘ 
ov PHL, PLHy 
ov 
OUTPUT 50% 50% OUTPUT 
Y Y 
ov OUTPUT Z 
OUTPUT 50% 50% ov 
a 
pe TPHL, 
—>|  — teLH, 
TEST CIRCUITS 
FIGURE 4 — LOGIC INPUT TO OUTPUT PROPAGATION FIGURE 5 — INHIBIT INPUT TO OUTPUT PROPAGATION 
DELAY TIME TEST CIRCUIT DELAY TIME TEST CIRCUIT 
Ejn to Scope Veco =+5.0V Vec =+5.0V 


Output 1 16 
to 


Scope 15 
14 
7 40 pF 
oe racaealD L 13 
TLH Ein to Scope 


tTHL MC3453 


<10ns f 
Output 
to 
Scope 


MC3453 


Ein 


-5.0 TTLH = TTHL = 
Vv <10 ns -5.0V 
1k 
Channel A shown under test, the other Channel A shown under test, the other 
channels are tested similarly. channels are tested similarly. 


er a 
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FIGURE 6 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


To Remainder 


1 a of Quad 


Vec 


SINGLE DRIVER 


Outputs 


To Remainder 
of Quad 


Qo ——_—¢ a ° 
Vec i Vee 
3 
i [2] 
Inhibit | 
Input { 
t = 
a ca I 
COMMON ! COMMON 
INHIBIT LEVEL SET 
VEE VEE 
oO 
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TECHNICAL DATA 


TRIPLE MAGNETIC TAPE 


MEMORY PREAMPLIFIER 
TRIPLE WIDEBAND PREAMPLIFIER . 


WITH ELECTRONIC GAIN CONTROL (EGC) 
SILICON MONOLITHIC 


INTEGRATED CIRCUIT 


The MC3467 provides three independent preamplifiers with in- 
dividual electronic gain control in a single 18-pin package. Each pre- 
amplifier has differential inputs and outputs allowing operation in 
completely balanced systems. The device is optimized for use in 9- 
track magnetic tape memory systems where low noise and low dis- 
tortion are paramount objectives. 

The electronic gain control allows each amplifier’s gain to be set 
anywhere from essentially zero to a maximum of approximately 


100 V/V. 
@ Wide Bandwidth — 15 MHz (Typ) P SUFFIX 
@ Individual Electronic Gain Control PLASTIC PACKAGE 


® Differential Inout/Output CASE 707 


PIN CONNECTIONS 


TYPICAL APPLICATION 
HIGH PERFORMANCE 9-TRACK OPEN REEL 
TAPE SYSTEM 


| orous 


| 


NRZI/¢ 
VI(EGC) Select 
O 


Active 
Differentiator 


1/3 MC3467 NRZI Read 
Preamplifier et ee Amplifier 


Encode 
Filters 


LSI 
Formatter 
McC8500 
MC8501 
MC8502 
MC8520 
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MAXIMUM RATINGS (7, = 25°C unless otherwise noted.) 


Power Supply Voitages 
Positive Supply Voltage 
Negative Supply Voltage 


Duration (to Ground) 


ELECTRICAL CHARACTERISTICS (Vcc 75.0 V, Veg = —6.0 V, f = 100 kHz, Ty = 0 to +70°C unless otherwise noted.) 


Power Supply Voltage Range 
Positive Supply Voltage 

Negative Suppty Voltage 

Operating EGC Voltage 


Differential Voltage Gain (Balanced) 

(Vi(EGC) = 9, e) = 25 mVp-p) (See Figure 1) 
Differential Voltage Gain 

(ViteGe) = Voc! 
Maximum Input Differential Voltage 

(Balanced) (Tq = 25°C) 


Output Voltage Swing (Balanced) (Figure 1) 
(e; = 200 mVp-p) 


Differential Output Offset Voltage Voop mV 
(Ta = 25°C) 

Common-Mode Output Offset Voltage Vooc mV 
(Ta = 25°C) 


Common Mode Rejection Ratio (Figure 2) 
Vi(EGC) = 9, Vem = 1.0 Vpp 

(f = 100 kHz) 

(f = 1.0 MHz) 


Small-Signal Bandwidth (Figure 1) 
(3.0 dB, ej = 1.0 mVp-p, Ta = 25°C) 


Input Bias Current 


Differential Noise Voltage Referred to Input (Figure 3) 
(Vi(EGC) = 0. Rg = 50 82, BW = 10 Hz to 1.0 MHz, Ta = 25°C) 


Negative Power Supply Current (Figure 4) 
Input Resistance (T, = 25°C) 


Input Capacitance (Tp = 25°C) 
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FIGURE 1 — DIFFERENTIAL VOLTAGE GAIN, FIGURE 2 —- COMMON-MODE REJECTION RATIO 
BANDWIDTH AND OUTPUT VOLTAGE SWING (Channel A under test, other amplifiers tested similarly) 
TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 
5.0 V 


5.0V 


MC3467 MC3467 


H 
N 
° 
° 
© 


= -6.0V -6.0V 


FIGURE 3 — DIFFERENTIAL NOISE VOLTAGE 


REFERRED TO THE tNPUT FIGURE 4 — POWER SUPPLY CURRENT TEST CIRCUIT 


Vcc 


5.0 V 


Krohn- 
Hite 

3202 
Filter 


MC3467 


Low Pass 
Filter With 
BW = 1.0 MHz 


Assume Uncorrelated Noise Sources 6.0Vv 
ep (Differential Noise at Input) = eo J/2/100 
FIGURE 6 — TOTAL HARMONIC DISTORTION 
FIGURE 5 — OUTPUT SINK CURRENT TEST CIRCUIT TEST CIRCUIT 
(Channel A under test, other channels tested similarly) (Channel A under test, other channels tested similarly) 
+5.0V 4+2.0V 5.0 V 


hp 3344 
Distortion 
Analyzer 


MC3467 


MC3467 


f = 100 kHz 


-6.0V -6.0V 
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leg, NEGATIVE POWER SUPPLY CURRENT 


Ay (norm), VOLTAGE GAIN NORMALIZED (dB) 


THD, TOTAL HARMONIC DISTORTION (%) 


(NORMALIZED) 


MC3467 


TYPICAL CHARACTERISTICS 
(Vcc = 5.0 V, Veg = -6.0 V, Ta = 25° unless otherwise noted) 


FIGURE 7 — TOTAL HARMONIC DISTORTION (THD) 
versus INPUT VOLTAGE 


Ay = 30 
VI(EGC) = 1.8 V 
f} = 100 kHz 


Vp, INPUT VOLTAGE (mVp.p) 


FIGURE 9 — NORMALIZED VOLTAGE GAIN 
versus AMBIENT TEMPERATURE 


5 


Vcc =5.0V 
Veg =-6.0V 
Vi = 10 mV RMS 
f) = 100 kHz 


= 
o 
Cx] 


i) 
Ss 


o 
o 
co 


* Ay (25°C) 


tcc, POSITIVE POWER SUPPLY CURRENT 


o 
w 
no 


10 20 30 40 50 


Ta, AMBIENT TEMPERATURE (°C) 


60 70 80 


FIGURE 11 — NORMALIZED NEGATIVE POWER SUPPLY 
CURRENT versus NEGATIVE POWER SUPPLY VOLTAGE 


1.04 


1.02 


1.00 


Vcc =5.0V 
Ta = 259C 

Ss SHEE MT), 
~ Weg (25°C) 


0.98 i 


Icc/lee, POWER SUPPLY CURRENTS 


TEST CIRCUIT = FIGURE 4 
+ 


-5.5 -6.0 -65 -1.0 


Vee. NEGATIVE POWER SUPPLY VOLTAGE (Vdc) 


-15 


Ay (norm), VOLTAGE GAIN NORMALIZED (dB) 


{NORMALIZED) 


(NORMALIZED) 


FIGURE 8 — NORMALIZED VOLTAGE GAIN 
versus FREQUENCY 


{, FREQUENCY (MHz) 


FIGURE 10 — NORMALIZED POSITIVE POWER SUPPLY 
CURRENT versus POSITIVE POWER SUPPLY VOLTAGE 


T T 


1.04 
1.02 
1.00 
VEE =-6.0V 
Ta = 25°C 
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| ae lec {T) 
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TEST CIRCUIT = FIGURE 4 
fale 
0.96 
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Vcc, POSITIVE POWER SUPPLY VOLTAGE (Vdc) 


FIGURE 12 —- NORMALIZED POWER SUPPLY CURRENTS 
versus AMBIENT TEMPERATURE 


1.02 
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SEE FIGURE 4 yes 
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Avo, TYPICAL DIFFERENTIAL VOLTAGE 


@, PHASE SHIFT (DEGREES) 


MC3467 


FIGURE 13 — DIFFERENTIAL VOLTAGE GAIN versus 
ELECTRONIC GAIN CONTROL VOLTAGE (Vi(EGc)) 


GAIN (V/V) 


| 
0 05 1.0 15 2.0 2.5 3.0 35 40 
Vi(EGC), ELECTRONIC GAIN CONTROL VOLTAGE (VOLTS) 


FIGURE 15 — PHASE SHIFT versus FREQUENCY 


0.1 1.0 10 100 
f, FREQUENCY (MH2) 


(EGC). EGC INPUT CURRENT (mA) 


CMRR, COMMON MODE REJECTION RATIO (dB) 


FIGURE 14 — COMMON-MODE REJECTION RATIO 
(CMRR) versus FREQUENCY 


|| ameeeell 
z Vv 

Voc =5.0V CMRR = 20 og —2— 

Vee =-6.0V Av VICM L 


Ta = 25°C Ay = 100 V/V = 40 dB 
Vicm = 1.0 Vp-p TEST CIRCUIT = FIGURE 2 | 


0.1 1.0 10 100 
f, FREQUENCY (MHz) 


FIGURE 16 — TYPICAL EGC INPUT CURRENT versus 
EGC INPUT VOLTAGE 


Vi(EGC), EGC INPUT VOLTAGE (Vdc) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
1/3 MC3467 


R2 
03 


04 R5 


05 
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= SEMICONDUCTOR yyy: MC3469P 
TECHNICAL DATA 


FLOPPY DISK WRITE CONTROLLER 


FLOPPY DISK 
WRITE CONTROLLER 
The MC3469 is a monolithic WRITE Current Controller designed 
to provide the entire interface between floppy disk heads and the SILICON MONOLITHIC 
head control and write data signals for stradle-erase heads. INTEGRATED CIRCUIT 


Provisions are made for selecting a range of accurately con- 
trolled write currents and for head selection during both read 
and write operation. Additionally, provisions are included for 
externally adjusting degauss period and inner/outer track 
compensation. 


@ Head Selection — Current Steering Through Write Head and 
Erase Coil in Write Mode 


e@ Provides High Impedance (Read Data Enable) During Read 
Mode 


e@ Head Current (Write) Guaranteed Using Laser Trimmed Internal 
Resistor (3.0 mA using Rext = 10 kQ) 


e@ IRW Select Input Provides for Inner/Outer Track Compensation 
@ Degauss Period Externally Adjustable P SUFFIX wv 


© Specified With +10% Logic Supply and Head Supply (Vgp) PLASTIC PACKAGE 
from 10.8 V to 26.4 V CASE 648 


@ Minimizes External Components 
@ See Application Note AN917 for Further Information 


PIN CONNECTIONS 


BLOCK DIAGRAM 


R W1 R W2 Center 


16} Tap 1 


Toggle 
Select 


Erase & 


Coil 
Gnd 
Select 


Enable Erase 1 


Current 


Select 
Vcc 


Head 
Select 
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MAXIMUM RATINGS (Ta = 25°C) 


Rating Symbol Value 
Power Supply Voltage (Pin 10) Vcc 7.0 
Power Supply Voltage (Pin 15) Ves 30 
Input Voltage (Pins 4, 5, 8, 9) Vv; 5.75 
Storage Temperature Tstg -55 to +150 
Operating Junction Temperature Ty 150 
RECOMMENDED OPERATING CONDITIONS 
Rating Value Unit 
Power Supply Voltage (Pin 10) +45 to +5.5 Vde 


+10.8 to +26.4 Vdc 
0 to +70 °C 


Power Supply Voltage (Pin 15) 


Operating Ambient Temperature Range Ta 


ELECTRICAL CHARACTERISTICS (Ta, = 0t0+70°C, Vcc = 4.5 to 5.5 V, Veg = 10.8 to 26.4 V unless otherwise noted. Typicals given 
for Vcc = 5.0 V, Vag = 12 Vand Ta = 25°C unless otherwise noted.) 


ie Characteristics hes Pins =i Symbol i= Min i= Typ iz Max L. Unit | 
DIGITAL INPUT VOLTAGES 


Power Supply Current — Vcc 
VBB 


High Level Input Voltage 
(Vec = 4.5 V) 


Low Level Input Voltage 
(Vcc = 5.5 V) 


Input Clamp Voltage 
(Ij = -12 mA) 


Positive Threshold 
(Vcc = 5.0) 

Negative Threshold 
(Vec = 5.0) 

Hysteresis (VT(+) - V(-)) 
Ta = 0°C to +70°C 
Ta = 25°C 


DIGITAL INPUT CURRENTS 


High Level Input Current NH 
(Vcc = 5.5 V, Veg = 26.4 V, Vi = 2.4 V) 
Low Level Input Current He 


(Vcc = 5.5 V, Vag = 26.4 V, Ta = 25°C unless 
noted below) 

Vep=12V 

VBB = 24 V 

Vec = 5.0 V 

Vcc = 5.0 V 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 0 to +70°C, Vcc = 4.5 to 5.5 V, Vag = 10.8 to 26.4 V unless otherwise noted. 
Typicals given for Vcc = 5.0 V, Vag = 12 V and Ta = 25°C unless otherwise noted.) 


[ Characteristics Pins i Symbol | Min [ Typ L Max | Unit | 
CENTER-TAP and ERASE OUTPUTS 
Output High Voltage (See Figure 9) 14,16 VOH Vv 
(IOH = -100 mA, Vcc = 4.5 V) 
Ve = 10.8 to 26.4 V — 
Output Low Voltage (See Figure 9) 14,16 VOL mV 
(lo = 1.0 mA) 
Vep=12V 150 
VeBp= 24V 150 
Output High Leakage 11,13 10H 100 uA 
(VOH = 24 V, Vcc = 45 V. VeB = 24 V) 
Output Low Voltage (See Figure 10) 11,13 VoL Vv 
(loc = 90 MA, Vcc = 45 V) 
Vpp=12V 0.60 
VBB=24V 0.60 
CURRENT SOURCE 
Reference Voltage 1 Vref _— 5.7 _— 
Degauss Voltage (See Text) 1 VDEG = 1.0 — 
(Voltage Pin 1 - Voltage Pin 2) 
Bias Voltage 2 VE oe 07 = Vv 
Write Current Off Leakage 6,7 1OH = 0.03 15 uA 7 
(VOH = 35 V) 
Saturation Voltage , 6,7 Vsat = 0.85 2.7 Vv 
(Vep=12V) 
Current Sink Compliance 6,7 AI/RW2, 1 _ 15 40 uA 
(For Vg, 7 = 4.0 V to 24 V, VwG = 0.8 V) 
Average Value Write Current 6,7 
(IPin 6 * !Pin 7) 
(ae for Vgg = 10.8 to 26.4 V) 
@ IR/w= !Low. R= 10k IR/WiL) mA 
Ta = 25°C 2.91 3.0 3.09 
Ta = 0 to +70°C 2.84 — 3.16 
@ IR/w = ILow. R=5.0k 
Ta = 25°C 5.64 5.89 6.14 
Ta = 0 to +70°C 5.51 _ 6.28 
@ IR/w= lHp R= 10k (IHI= Low + % Low) AIR/W(H) % 
Ta = 25°C 31.3 33.3 35.5 
Ta =0 to +70°C 30.3 33.3 36.6 
Difference in Write Current 6,7 
(Pin 6 - !Pin 7I 
@ Ip/w= !ILow. VBB = 10.8 V to 26.4 V) IR/Wa mA 
R=10k 
Ta = 25°C _ 0.003 0.015 
Ta = 0 to +70°C _ —_ 0.023 
R=5.0k 
Ta = 25°C = — 0.030 
Ta = 0 to +70°C _ _ 0.046 
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AC SWITCHING CHARACTERISTICS (Vcc = 5.0V, Ta = 25°C, Vgp= 24 V, IRws = 0.4 andi y= 3.0 mA unless otherwise noted 
— refer to Figure 2 and Figure 11.) 


Characteristics (Note 1) fin (Note 3) Min Typ Max Unit 
1. Delay from Head Select going low through 0.8 V to CTO HS, Pin9 _— 1.6 40 us 
going high through 20 V. 
2. Delay from Head Select going low through 0.8 V to CT1 HS, Ping — 2.1 4.0 Bus 
going low through 1.0 V. 
3. Delay from Head Select going high through 2.4 V to CTO HS, Ping — 1.7 4.0 ps 
going low through 1.0 V. 
4. Delay from Head Select going high through 2.4 V to CT1 HS, Pin9 _ 1.4 4.0 us 
going high through 20 V. 
5. Delay from WG going low through 0.8 V to CTO WG, Pin4 oa 1.3 40 us 
going low through 1.0 V. 
6. Delay from WG going low through 0.8 V to CT1 WG, Pin 4 —_ 0.8 40 Bs 
going high through 20 V. 
7. Delay from WG going low through 0.8 V to CTO WG, Pin 4 _— 0.75 40 us 
going high through 20 V. 
8. Delay from WG going low through 0.8 V to CT1 WG, Pin 4 = 1.2 4.0 us 
going low through 1.0 V. 
| 9. After WG goes high, delay from R/W1 turning off WG, Pin4 20 750 _— ns 
t through 10% to CTO going high through 20 V. 
10. After WG goes high, delay from R/W1 turning off WG, Pin 4 20 1200 — ns 
through 10% to CT1 going low through 1.0 V. 
11. After WG goes high, delay from R/W2 turning off WG, Pin4 20 1200 a ns 
through 10% to CTO going low through 1.0 V. 
12. After WG goes high, delay from R/W2 turning off WG, Pin4 20 600 — ns 
through 10% to CT1 going high through 20 V. 
13. Delay from WG going low through 0.8 V to EO WG, Pin 4 = 0.085 4.0 us 
going low through 1.0 V. 
14. Delay from WG going low through 0.8 V to E1 WG, Pin 4 = 0.085 40 MS 
going low through 1.0 V 
15. Delay from WG going high through 2.0 V to EO WG, Pin 4 = 0.7 4.0 us 


going high through 23 V. 


16. Delay from WG going high through 2.0 V to E1 WG, Pin 4 0.7 4.0 us 
going high through 23 V. 


17. After WG goes low, delay from CTO going low through WG, Pin 4 20 750 _ ns 
1.0 V to R/W1 turning on through 10%. 

18. After WG goes low, delay from CT1 going iow through WG, Pin 4 20 750 _ ns 
1.0 V to R/W2 turning on through 10%. 

19. After WG goes low, fall time (10% to 90%) of R/W1. WG, Pin 4 _— 5.0 200 ns 

20. After WG goes low, fall time (10% to 90%) of R/W2. WG, Pin 4 — 5.0 200 ns 

21. Setup time, Head Select going low before WG, Pin 4 40 = a ws 
WG going low. 

22. Write Data low Hold Time WD, Pin 5 200 _ ~ ns 

23. Write Data high Hold Time WD, Pin 5 500 = — ns 

24. Delay from WG going high through 2.0 V WG, Pin 4 _— 3.9 — us 


to R/W 1 turning off through 10% of on value. 


Notes 1. Test numbers refer to encircled numbers in Figure 2. 
2. AC test waveforms applied to the designated pins as follows: 


Pin fin Amplitude Duty Cycle 
HS, Pin 9 50 kHz 04to24V 50% 
WG, Pin 4 50 kHz 04t0o24V 50% 
WD, Pin 5 1.0 MHz 0.2t024V 50% 


3. Test numbers refer to encircled numbers in Figure 4. 
fin = 1.0 MHz, 50% Duty Cycle and Amplitude of 0.2 V to 2.4 V. 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-102 


MC3469P 


AC SWITCHING CHARACTERISTICS (continued) 
(Vcc = 5.0 V, Ta = 25°C, Veg = 24 V, WG = 0.4 unless otherwise noted — refer to Figure 3 and Figure 11.) 


Characteristics (Note 3) Min Max Unit 
1. Delay from Write Data going low through 0.9 V to R/W1 — _ ns 
turning on through 50%. 
2. Delay skew, difference of R/W1 turning off and R/W2 — +40 ns 
turning on through 50% after Write Data going low 
through 0.9 V. 
3. Delay from Write Data going low through 0.9 V to R/W1 — _— ns 
turning off through 50%. 
4. Delay skew, difference of R/W1 turning on and R/W2 _— +40 ns 
turning off 50% after Write Data going low 
through 0.9 V. 
5. Rise time, 10% to 90%, of R/W1 — 200 ns 
6. Rise time, 10% to 90%, of R/W2 _ 200 ns 
7. Fall time, 90% to 10%, of R/W1 _— 200 ns 
8. Fall time, 90% to 10%, of R/W2 _ 200 ns 


PIN DESCRIPTION TABLE 


Description 


Head Select Head Select input selects between the head I/O pins: center-tap, erase, and read/write. AHIGH 
selects Head O and a LOW selects Head 1. 


HS 
G Write Gate input selects the mode of operation. HIGH selects the read mode, while LOW selects 
D 


the Write Control mode and forces the write current. 

Write Data Write Data input controls the turn on/off of the write current. The internal divide-by-two flip-flop 
toggles on the negative going edge of this input to direct the current alternately to the two 
halves of the head coils. 


IRW Select IRW Select input selects the amount of write current to be used. When LOW, the current equals 
the value found in Figure 5, according to the external resistor. When HIGH, the current equals 
the low current + 33%. 


Vref A resistor between these pins sets the write current. Laser trimming reliably produces 3 mA of 
lref 2 current fora 10k resistor. A capacitor from Vref to Gnd will adjust the Degauss period. 


Center-tap O Center-tap 0 outputis connected to the center tap of Head O. It will be pufled to Gnd or Vag (+12 or 
+24) depending on mode and head selection. 


Erase O EO Erase O will be LOW for writing on Head 0, and floating for other conditions. 


Center-tap 1 Center-tap 1 output is connected to the center tap of Head 1. It will be pulled to Gnd or Vgp (+12 or 
+24) depending on mode and head selection. 


Erase 1 EI Erase 1 will be LOW for writing on Head 1, and floating for other conditions. 


R/W2 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W1. It will be connected to one side of the heads. 


R/W1 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W2. It will be connected to one side of the heads. 


+5 V Power 


+12 Vor+ 24 V Power 


Coil grounds 


Reference and logic ground 
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FIGURE 1 — LOGIC DIAGRAM 


R/W1 R/W2 VeB Vcc 
VBB 15 10 3 12 
7 6 
Write 
Data 5 
Write 
Gate 4 
Eg 
13 
El 
11 
IRWS 
8 CcT1 
16 
CT2 
14 
Head 
Select 9 
ae 
*External Component 
> ee. oc — open collector 
oe 
FIGURE 2 — AC TIMING DIAGRAM 
Head 9 
Select 2.0V 
wine ,__-@) 
Gate 2.0V 2.0V 
0.8v 0.8V 
10V 
20V 
23 V 
R/W2 6 10% 10% 
A 90% 
as Po 
Vret 
(5.0 V Nom.) 
VPin 1 - VPin 2 


(Ref. Voltage 2) 
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FIGURE 3 — R/W1 AND R/W2 RELATIONSHIP 


WriteData 5 


APPLICATION INFORMATION 


The MC3469Pserves as a complete interface between 
the Write Control functional signals (Head Select, Write 
Data, Write Gate and inner track compensation, IRWS) 
and the head itself. A typical configuration 1s shown In 
Figure 4. Le’s are erase coils 


WRITE CURRENT SELECTION 
Although the MC3469P has been specified for 3.0 mA 
write current (with a 10 kQ external resistor), a range of 
write current values can be chosen by varying Rext using 
the plot in Figure 5. This current can also be derived using 
30 


the relationship lyyrj mA)= =———- 
P lWrite (MA) Raxik) 


FIGURE 4 — TYPICAL APPLICATION 


MC3469P 


IRef, the current flowing in Rex¢ (required only for dis- 
sipation calculations) can be worst case using the fact 
that the differential voltage between Pins 1 and 2 (Vref) 
shown in Figure 3 never exceeds 5.0 volts. With a low 
value of Rex¢ = 1.0 kf, Pp = 25 mW. 


WRITE CURRENT DAMPING 


Referring to Figure 4, resistors Rp are used to dampen 
any ringing that results from applying the relatively fast 
risetime write current pulse to the inductive head load 
Values chosen will be a funciton of head characteristics 
and the desired damping. Rp serves as a common pullup 
resistor to the head supply Vgegp 


FIGURE 5 — WRITE CURRENT versus Rext 
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DEGAUSS PERIOD 


Degauss of the read/write head can be accomplished 
at the end of each write operation by attaching a capacitor 
from pin 1 to ground. The timing relationship that results 
is shown in Figure 7. Asimplified diagram of this function 
is shown in Figure 6. 

While WG is low, the selected write current flows into 
pin 6 or pin 7(R/W1 or R/W2) and is mirrored through the 
external resistor, Rext. The degauss capacitor, CpG. will 
be charged to approximately 5.7 volts. After WG goes 
high, the voltage on Cpg begins to decay toward 0.7 V. 
When the voltage reaches the comparator threshold of 
1.7 V, the comparator output triggers the internal logic 
to completely turn off the write current. At this point, the 
pulse amplitude on the R/W1 and R/W2 pins has returned 
to 10% of its maximum value. 

Figure 7, Degauss Period shows the relationship be- 


FIGURE 6 — SIMPLIFIED DEGAUSS CIRCUIT 


VBB 


to Internal 


10k Logic 


Rext 


tween Cpg and Degauss Period for Rext = 10 kf. This 
period is equal to the exponential delay time for the volt- 
age as mentioned plus some internal delay times. 


POWER-UP WRITE CURRENT CONTROL 

During power-up, under certain conditions (VgB 
comes up first while WG is low), there can be a write 
current transient on Pins 6 and 7 (R/W1 and R/W2) of 
sufficient magnitude to cause writing to occur if the 
head is loaded. 

This transient can be eliminated by placing a capacitor 
from Pin 2 to ground. This also delays the write current 
when WG goes low and this delay must be accounted 
for when the capacitor on Pin 2 is used. The delay is 3.0 
us for a 2700 pF capacitor, and Rey¢ = 10 kf. Values 
up to 7000 pF may be used. 


FIGURE 7 — DEGAUSS PERIOD versus 
CAPACITANCE (Cpg) 


CAPACITANCE — Cog (pF) 


DEGAUSS PERIOD (xus} 


FIGURE 8 — TURN-ON WRITE PROTECTION 
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TEST FIGURES 


FIGURE 9 — CENTER TAP OUTPUT VOLTAGE 
(PINS 14 AND 16) 


CONDITIONS 


Measure 


VoH (P14) 


VoH (P16) 


VoL (P14) 


ar On WH = 


VoL (P16) 


FIGURE 10 — ERASE OUTPUT LOW VOLTAGE 
(PINS 11 AND 13) 


CONDITIONS 


Measure 
VT 

VoL (P11) 

VoL (P13) 


FIGURE 11 — TIMING TEST CIRCUIT 


+5.0V+5% +24V +5% 


Write Data 


Write Gate 


Head Select 


IRW Select 


See Specification 
Table and Note 3. 


10k (0.1%) 


Notes: 
Diodes Type 1N4934. 
200 pF Resistors (unless otherwise noted) are 1/4 W, 5%. 
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ERASE CURRENT 


The value of Re, the erase current set resistor, is found Erase timing is provided internally and is active during 
by referring to Figure 12 and selecting the desired erase Write Gate low for the selected head. 
current. 


Looking at the simplified erase current path in Figure 12, 
when writing, CTO will be high (VQH(min) = 21 V) and EO 
will be low(VOL(max) = 0.6 V). If the erase coil resistance 
is 100 and 40 mA of erase current is desired, then: 


FIGURE 12 — ERASE CURRENT 
(Re Selection) 


(RE + 109)x 40 mA= (21 -0.6) V 


EO 


oe Erase 
- 204) - 100-5000 inate ve 
EY 004A 7 


PD = (0.04) (20.4) = 0.816 W or 1.0 W 


This gives the minimum value R¢ for worst case VOH/VOL 
conditions. It is also recommended that a diode be used as 
required for inductive back emf suppression. 


FIGURE 13 — TYPICAL DUAL HEAD FLOPPY DISK SYSTEM USING 
FET GATE READ CHANNEL SELECTION AND MC3469/MC3470 
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= SEMICONDUCTOR yyy 
TECHNICAL DATA MC3470AP 


MC3470P 


FLOPPY DISK 
FLOPPY DISK READ AMPLIFIER READ AMPLIFIER SYSTEM 


The MC3470 is a monolithic READ Amplifier System for obtain- 
ing digital information from floppy disk storage. It is designed to SILICON MONOLITHIC 
accept the differential ac signal produced by the magnetic head INTEGRATED CIRCUIT 
and produce a digital output pulse that corresponds to each peak 
of the input signal. The gain stage amplifies the input waveform 
and applies it to an external filter network, enabling the active 
differentiator and time domain filter to produce the desired 
output. 


@ Combines All the Active Circuitry To Perform the Floppy Disk 
Read Amplifier Function in One Circuit 

@ Guaranteed Maximum Peak Shift of 2.0% — MC3470A 

@ Improved (Positive) Gain Tc and Tolerance 

@ Improved Input Common Mode 

@ See Application Note AN917 for Further Information 
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TYPICAL APPLICATION 
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MAXIMUM RATINGS (Ta = 25°C) 


Rating Symbol Value Unit 
Power Supply Voltage (Pin 11) | Vcc1 7.0 Vdc 
Power Supply Voltage (Pin 18) Vec2 16 Vde 
Input Voltage (Pins 1 and 2) ia Vv -0.2 to+7.0 Vde | 
Output Voltage (Pin 10) [ Vo -0.2 to +7.0 Vdc 
| Operating Ambient Temperature Ta 0to +70 °C 
Storage Temperature = Tstg -65 to +150 


Operating Junction Temperature 
| Plastic Package 

RECOMMENDED OPERATING CONDITIONS 
Rating 


Value 


Power Supply Voltage Vcc Vec1 + 4.75 to +6§.25 Vde 
; Vec2 +10 to +14 
| Operating Ambient Temperature Range | Ta Oto +70 °C 


ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C, Vcc) = 4.75 to 5.25 V, Vec2 = 10 to 14 V unless otherwise noted) 


Characteristic Figure Symbol | Min | Typ | Max Unit 
Differential Voltage Gain MC3470 2 Avp 80 100 | 130 V/V 
(f = 200 kHz, Vip = 5.0 mV(RMS) MC3470A q 100 | 110 | 130 
Input Bias Current 3 "1B —_ -10 -25 pA 
| ne St. “7 “7 1 
Input Common Mode Range Linear Operation ViICM -0.1 — 1.5 Vv 
(5% max THD) a 
Differential Input Voltage Linear Operation ViD — _ 25 mVp-p 
(5% max THD) [. 
— 
Output Voltage Swing Differentiai 2 YoD 3.0 4.0 = Vp-p 
' 
Output Source Current, Toggled lo | — | 8.0 | _ mA 
Output Sink Current, Pins 16 and 17 4 los 2.8 4.0 { _ | mA 
+. iz 
Small Signal Input Resistance (Ta = 25°C) rj 100 250 = kQ 
“T x0 | 
Small Signal Output Resistance, Single-Ended To | _ 15 _ ij 2 
(Ta = 25°C, Vec1 = 5.0 V, Vec2 = 12 V) 
—+ +—~ +. 
Bandwidth, -3.0 dB (vjp = 2.0 mV(RMS), Ta = 25°C 2,17 BW 10 _— _ MHz 
Vec1 = 5.0 V, Vcec2 = 12 V) | il L_ 
Common Mode Rejection Ratio (Ta = 25°C, f = 100 kHz, 5 CMRR 50 _ _ dB 
Avp = 40 GB, vin = 200 mVp-p, Vcc) = 5.0 V, 
Vec2 = 12 V) | L | | 
Vcc Supply Rejection Ratio (Ta = 25°C, Vec2 = 12 V, = 50 — _ dB 
alls <Vec1 < 5.25 V, Ayp = 40 dB) 
= +. 
Vcec2 Supply Rejection Ratio (Ta = 25°C, Voc1 = 5.0 V, _ 60 _ _ dB 
10V< Vcc2 < 14 V, Ayp = 40 dB) 
+ + 4 
Differential Output Offset (Ta = 25°C, Vip = Vin = 0 V) Vpo a = = 0.4 V 
Common Mode Output Offset (vip = Vin =O V, Vco - 3.0 _ Vv 
Differential and Common Mode) 
Differential Noise Voltage Referred to input uViRMS) 
(BW = 10 Hz to 1.0 MHz, Ta = 25°C) 
Supply Currents mA 
(Vec1 = 5.25 V, Sq to Pin 12 or Pin 13) Icc1 _ 40 _ 
(Vec2 = 14 V) {Ce2 4.8 _ | 
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ELECTRICAL CHARACTERISTICS (continued) (Ta =O to +70°C, Vcc 1 = 4.75 to 5.25 V, Vec2 = 10 to 14 V unless otherwise noted) 


[ie Characteristic Figure Symbol Min Typ Max Unit 
ACTIVE DIFFERENTIATOR SECTION 

Differentiator Output Sink Current, Pins 12 and 13 
(Yop = Vec1) 

Peak Shift (f = 250 kHz, vip = 1.0 Vp-p, icap = 500 pA, 
tpsi1-tps2 , 100%, 

tps1+tps2 MC3470 
Vec1 = 5.0 V, Vec2 = 12 V) MC3470A 


Differentiator Input Resistance, Differential 


where PS = 1/2 


Differentiator Output Resistance, Differential 
(Ta = 25°C) 


DIGITAL SECTION 
es Voltage High Logic Level, Pin 10 (V¢c1 = 4.75 V, [ 9 VOH 2.7 | _— _ Vv 
Vcec2 = 12 V, Io = -0.4 mA) i 
Output Voltage Low Logic Level, Pin 10(Vcc1=4.75V,| 10 VOL = = 05 vt 
Vec2 = 12 V, loi = 8.0 mA) 
Output Rise Time, Pin 10 11,12 Gee i ee ae ns 
Output Fall Time, Pin 10 11,12 tTHL } _— — 25 he. ns _| 
Timing Range Mono 41 (ty, and t1p) 13 t41A,B 500 _ 4000 ns 
Timing Accuracy Mono #1 12,13 Ev es 115 % 


(tl = 1.0 ws = 0.625 R1C1 + 200 ns) 
(R1 = 6.4 kQ, C1 = 200 pF) 


Accuracy guaranteed for Ri in the range 
1.5kQ < R1< 10k0 and C1 in the range 


| 
150 pF < C1 < 680 pF. 
Note: To minimize current transients, C1 should 
be kept as smail as is convenient. 
Timing Range Mono #2 11,12 t2 Hl 150 | _ 1000 ns | 


Timing Accuracy Mono #2 12,13 
(t2 = 200 ns = 0.625 R2C2) 
(R2 = 1.6 kN, C2 = 200 pF) 


Accuracy guaranteed for 1.5kQ < R2< 10k, 
100 pF < C2 < 800 pF 
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MC3470 CIRCUIT SCHEMATIC 
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FIGURE 1 — POWER SUPPLY CURRENTS, 
Icc1 AND Icc2 


6.4 k 


FIGURE 3 — AMPLIFIER INPUT BIAS CURRENT, lip 


6.4k 


MC3470AP 


FIGURE 2 — VOLTAGE GAIN, BANDWIDTH, 
OUTPUT VOLTAGE SWING 


OVcc2 


O Vo17 


OV016 


Yo16 ~ Yo17 


a Vin 


OVcc1 


64k 


FIGURE 4 — AMPLIFIER OUTPUT SINK CURRENT, 
PINS 16 AND 17 


200 pF 


6.4k 
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FIGURE 5 — AMPLIFIER COMMON MODE FIGURE 6 — DIFFERENTIATOR OUTPUT SINK CURRENT, 
REJECTION RATIO, CMRR PINS 12 AND 13 


OVec2 


OVo1i7 


OV016 


Yo16 — Yo17 


CMAR = 20 log10 —“FEqy 
t 


f = 100 kHz 


Vin = 200 MVpp 
200 pF 


OVcc1 


6.4k 6.4k 


NOTE: Measurements may be made with vector voltmeter hp 
8405A or equivalent at 1.0 MHz to guarantee 100 kHz 


performance. 
FIGURE 7 — PEAK SHIFT, PS FIGURE 8 — PEAK SHIFT, PS 
See Figure 8 for Output Waveform Vin = 1.0 Vop f = 250 kHz 


Test schematic on Figure 7 


O Vcc2 


out 
Pin 10 


f = 250 kHz 
t t 
ot ue vin™ 1.0 Vpp PS1 PS2 


tpsi1— tps2 


ppc lt eh ee 
2 tps1+ tps2 


X 100% 
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FIGURE 9 — DATA OUTPUT VOLTAGE HIGH, PIN 10 FIGURE 10 — DATA OUTPUT VOLTAGE LOW, PIN 10 


200 pF 200 pF 


FIGURE 11 — DATA OUTPUT RISE TIME, trLy 


DATA OUTPUT FALL TIME, trHL FIGURE 12 — TIMING ACCURACY, Ey1 AND Ey 
TIMING ACCURACY MONO #2, Er2 DATA OUTPUT RISE AND FALL TIMES, ttLy AND try 
Vin is same as shown on Figure 13, test schematic on Figure 12 Vin shown on Figure 13 


tTLH TTHL 


aed 
E.2> 200 ns X 100% 
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FIGURE 13 — TIMING ACCURACY MONO #1, E+14 
tTLH = tTHL < 10ns f= 250 kHz 50% Duty Cycle 


Test Schematic on Figure 12 


0.4 V 
Vin 0.2 V 
ov | 
t t 
Vout 1A 1B 
Pin 10 1.5V 
HA ' 
Eua= 7000 ns X 100% 


1B 


2 SEB 3 
Et1B = 7o00ns * 100% 


FIGURE 14 — AMPLIFIER OFFSET DECOUPLING 
IMPEDANCE, PINS 3 AND 4 
Re + re and Ay with Rey; = 500 2 


f = 250 kHz 


v Vin = 5mV(RMS) 
outrR 


(O) 


6.4 k 


FIGURE 15 — NORMALIZED POWER SUPPLY CURRENT FIGURE 16 — NORMALIZED VOLTAGE GAIN 
(tec/Iec 25°C) versus TEMPERATURE (Ay/Ay 25°C) versus TEMPERATURE 
T 


Avy(N), NORMALIZED VOLTAGE GAIN 


Ic¢c(N}, NORMALIZED POWER SUPPLY CURRENT 


Tg, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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Ay/Ay(MID), NORMALIZED VOLTAGE GAIN 


Ref, EFFECTIVE EMITTER RESISTANCE (22) 


t2{N), NORMALIZED OUTPUT PULSE WIDTH 


MC3470P, MC3470AP 


FIGURE 17 — PHASE AND NORMALIZED VOLTAGE 
GAIN versus FREQUENCY 


{, FREQUENCY 


FIGURE 19 — NORMALIZED OUTPUT PULSE WIDTH, 
ta/tg 25°C 
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FIGURE 21 — EFFECTIVE EMITTER RESISTANCE 
DISTRIBUTION, PINS 3 AND 4 
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FIGURE 18 — NORMALIZED TIME DELAY 
ty versus TEMPERATURE 
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FIGURE 20 — NORMALIZED VOLTAGE GAIN, 
Avr/AyR 25°C 
See Figure 14, Switch Position R 
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FIGURE 22 — DIFFERENTIAL NOISE VOLTAGE 
Vcc2 


Krohn-Hite 
3202 Filter 


Low Pass hp 3400A 
Filter with RMS 
fa=1.0MHz Voltmeter 


Vcc1 


NOTE: Assume uncorrelated noise sources 
e, (differential noise at input) = @oV/ 2/100 
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APPLICATION INFORMATION 


The MC3470 is designed to accept a differential ac 
input from the magnetic head of a floppy disk drive and 
produce a digital output pulse that corresponds to each 
peak of the ac input. The gain stage amplifies the input 
waveform and applies it to a filter network (Figure 23a), 


FIGURE 23a — BLOCKING CAPACITORS USED TO 
ISOLATE THE DIFFERENTIATOR 


14 


MC3470 


Filter Differentiator 


enabling the active differentiator and time domain filter 
to produce the desired output. 


FILTER CONSIDERATIONS 

The filter is used to reduce any high frequency noise 
present on the desired signal. Its characteristics are dic- 
tated by the floppy disk system parameters as well as the 
coupling requirements of the MC3470. The filter design 
parameters are affected by the read head characteristics, 
maximum and minimum slew rates, system transient 
response, system delay distortion, filter center frequency, 
and other system parameters. This design criteria varies 
between manufacturers; consequently, the filter con- 
figuration also varies. The coupling requirements of the 
MC3470 are a result of the output structure of the gain 
stage and the input structure of the differentiator, and 
must be adhered to regardless of the filter configuration. 

The differentiator has an internal biasing network on 
each input. Therefore, any dc voltage applied to these 
inputs will perturbate the bias level. Disturbing the bias 
level does not affect the waveform at the differentiator 
inputs, but it does cause peak shifting in the digital output 
(Pin 10). Since the output of the gain stage has an associ- 
ated de voltage level, it, as well as any biasing introduced 
in the filter, must be isolated from the differentiator via 


series blocking capacitors. The transient response is mini- 


mized if the blocking capacitors C and C’ are placed 
before the filter as shown in Figure 23a. The charging and 
discharging of C and C’ is controlled by the filter termina- 
tion resistor instead of the high input impedance of the 
differentiator. 

The filter design must also include the current-sinking 
capacity of the amplifier output. The current source in 
the output structure (see circuit schematic — Pins 16 
and 17) is guaranteed to sink a current of 2.8 mA. If the 
current requirement of the filter exceeds 2.8 mA, the cur- 
rent source will saturate, the output waveform will be 
distorted, and inaccurate peak detection will occur in 
the differentiator. Therefore, the total impedance of the 


See Application Note AN917 for further information. 


filter must be greater than Zmjn as calculated from 
(EpAyp) max 
min” 2.8mA 


where Ep is the peak differential input voltage to the 
MC3470. 


TRANSIENT RESPONSE 

The worst-case transient response of the read channel 
occurs when dc switching at the amplifier input causes its 
output to be toggled. The dc voltage changes are a con- 
sequence of diode switching that takes place when control 
is transferred from the write channel to the read channel. 

If the diode network is balanced, the dc change is a 
common mode input voltage to the amplifier. The switch- 
ing of an unbalanced diode network creates a differential 
input voltage and a corresponding amplified swing in the 
outputs. The output swing will charge the blocking 
capacitor resulting in peak shifting in the digital output 
until the transient has decayed. Eliminating the differential 
dc changes at the amplifier input by matching the diode 
network or by coupling the read head to the amplifier via 
FET switches, as shown in Figure 23b, will minimize the 
filter transient response. 


FIGURE 23b — FET SWITCHES USED TO COUPLE THE R/W 
HEAD TO THE MC3470 


2N5460 


Two of the advantages FET switches have over diode 

switching are: 

1. They isolate the read channel from de voltage 
changes in the system; therefore, the transient 
response of the filter does not influence the system 
transient response. 

2. The low voltage drop across the FETs keeps the 
input signal below the amplifier’s internal clamp 
voltage; whereas, the voltage dropped across a diode 
switching network adds a dc bias to the input signal 
which may exceed the clamp voltage. 


AMPLIFIER GAIN 
For some floppy systems, it may become necessary 
to either reduce the gain of the amplifier or reduce the 
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signal at the input to avoid exceeding the output swing 
capability of the amplifier. The voltage gain of the ampli- 
fier can be reduced by putting a resistor in series with 
the capacitor between Pins 3 and 4 (Figure 14). The 
relationship between the gain and the external resistor is 
given by 

2 (re a Re) 


AVR =AVO * Dire + Re) + Rext 


where AVo 4 voltage gain with the external resistor = 0, 
A aie . : 
AVR = voltage gain with the external resistor in, 
Rext £ the external resistor, and 
ret Re 2 the resistance looking into Pin 3 or Pin 4. 


Rext = 2({—— — 1} (re + Re). 


A plot of (re + Re) versus temperature is shown in 
Figure 21. Figure 20 shows the normalized voltage gain 
versus temperature with the external resistor equal to 
500 ohms. 


Thus, 


ACTIVE DIFFERENTIATOR 
The active differentiator in the MC3470 (simplified 
circuit shown in Figure 24), is implemented by coupling 


FIGURE 24 — ACTIVE DIFFERENTIATOR NETWORK 


the emitters of a differential amplifier with a capacitor 
resulting in a collector current that will be the derivative 
of the input voltage, 


| = Cdv/dt 


If the output voltage is taken across a resistor through 
which the collector current is flowing, the resulting volt- 
age will be the derivative of the input voltage. 

dVin(t) 
Vo = 2Ric = 2RC —— 
fe) c dt 
Vo is applied to a comparator which will provide zero 


crossing detection of the current waveform. Since the 
capacitor shifts the current 90° from the input voltage, 
the comparator performs peak detection of the input 
voltage. 

The following terms will be used in determining the 
value of C to be used in the differentiator: 


Ep 4 peak differential voltage applied to MC3470 

amplifier input. 

Epsinwt 4 voltage waveform applied to MC3470 
amplifier input (for purposes of discussion, 
assume a sine wave). 

AVD 8 differential voltage gain of input amplifier. 

Vin(t) 4 differential voltage waveform applied to the 

differentiator inputs. 
=EpAvpsinwt (Note: The filter is assumed to 
be lossless.) 


ic(t) 2 current through capacitor Cp. 
Ro £ output resistance of Q1 (Q2) at Pin 12 (13). 


If vin{t) = EpAypsin wt, then the current through the 
capacitor Cp is given by 


ict) = CpAVDEpwcosut 
and Vo(t) = 2RCCpAVpEpwcosuwt. 


Accurate zero crossing detection of Vo(t) [peak 
detection of vjn{t)] occurs when the current waveform 
ig{t) crosses through zero in a minimum amount of time. 
This condition is satisfied by maximizing current slew 
rate. For a given value of w, the maximum slew rate 
occurs for the maximum value of ic or coswt = 1. There- 
fore, 

ic = CpAvp Epw 

The MC3470 current-sourcing capacity will determine 
the maximum value ic; therefore, CD must be chosen such 
that the maximum ic occurs at the maximum AyDEpw 
product. 
1mA 


cp eee ae 
(120)(Ep@) max 


(AvDEpw)max 

If the peak value specified for ig is exceeded, the 
current source (Io in Figure 24) will saturate and distort 
the waveform at Pins 12 and 13. Consequently, the 
differentiator will not accurately locate the peaks and 
peak shifting will occur in the digital output. 

The effective output resistance RO of Q1 (Q2) will 
create a pole (as shown in Figure 25) at 1/2ROCp. If 
this pole is ten times greater than the maximum operating 
frequency (Wmax), the phase shift approaches 84°. 
Locating the pole at a frequency much greater than 
10 Wmax needlessly extends the noise bandwidth thus: 


1 


2Ro = ——————_-. 
Opt. pax 


If R¢ is not large enough to satisfy this condition, a series 
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FIGURE 25 — RESPONSE OF DIFFERENTIATOR 
USING ONLY Cp 


ig (t) 


AvpEpw 


1 
Wmax aR Cp WV in{t) 


resistor can be added so that 


1 


R = 2Ro + Rp = ——__—. 
0 D Cp 10 wmax 


To further reduce the noise bandwidth, a second pole 
can be added (as shown in Figure 26) by putting an 


FIGURE 26 — COMPLETE RESPONSE OF DIFFERENTIATOR 


ig(t) 


CpAVDEpY 


WV jn(t) 


inductor in series with the resistor and the capacitor. 
The values of R and L are determined by choosing the 
center frequency (wo) and the damping ratio (5) to meet 
the systems requirements where 


1 


Ww = 
‘ VLCp 
R 
ga hho 


2/LCp 


Wo = 10 Wmax = 


1 
VLCp 
where Cp is chosen for maximum ig as shown previously. 
Solving for L gives: 
a 


Using this value for L gives: 
RCp 


2 fo 
10 Crpl(wmax)? 


6= 


Solving for R gives: 


Boos ice ee: 
5 CD wmax 


The total resistance (R) is the effective output resis- 
tance (RQ) plus the resistor added in the differentiator 
(Rp). Values of 6 from 0.3 to 1 produce satisfactory 
results. 


PEAK SHIFT CONSIDERATIONS 

Peak shift, resulting from current imbalance in the 
differentiator, offset voltage in the comparator, etc., can 
be eliminated by nulling the current in the emitters of 
the differentiator with a potentiometer as shown in 
Figure 27. 


FIGURE 27 — PEAK SHIFT COMPENSATION 


The potentiometer across the differentiator components 
is adjusted until a symmetrical digital output cycle is 
obtained at Pin 10 for a sinusoidal input with the mini- 
mum anticipated E pw product. 


DESIGN EQUATIONS FOR ONE-SHOTS 

As shown in Figure 28, the MC3470 input waveform 
may have distortion at zero crossing, which can result in 
false triggering of the digital output. The time domain 
filter in the MC3470 can be used to eliminate the distor- 
tion by properly setting the period (tz) of the one-shot 
timing elements on Pins 6 and 7. The following equation 
will optimize immunity to this signal distortion at zero 
crossing of the read head signal. 

The timing equation for the time domain filter’s one- 
shot is: 

ty = R1C1K1+To 


where K1 = 0.625, Ty = 200 ns. 


Actual time will be within +15% of ty due to variations 
in the MC3470. 
If AT is the maximum period of distortion (see Figure 
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FIGURE 28 — WAVEFORMS THROUGH THE READ CIRCUIT 
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28), then choose tj such that 


AT 


BESTS sia 


1 


where T = ————_-.. 
4 f(max) 


The width of the digital output pulse tg (Pin 10) is 
determined by 
t2 = RaCak2 


where K2 = 0.625. 


Actual pulse width will be within +15% of t2 due to 
variations in the MC3470. 

To preserve the specified accuracy of the MC3470, 
R1, R2, C1, and C2 should remain in the ranges shown in 
the Electrical Characteristics. Also, to minimize current 
transients, it is important to keep the values of C1 and C2 
as small as is convenient. For t1 = 1 us and t2 = 200 ns, 
suggested good values for the capacitors are 


C1 = 250 pF 
C2 = 160 pF 


BOARD LAYOUT AND TESTING CONSIDERATIONS 

An LS! package has many input/output pins in close 
proximity, some carrying high level signals and others 
low level signals. As carefully as the on-chip isolation 
of the devices connected to these pins is implemented by 


the manufacturer, the coupling of signals or noise between 
external wires is under the control of the end-user who 
designs the integrated circuit into a piece of equipment. 
The designer should be familiar with the following layout 
procedures which will optimize the performance of the 
device. See Figure 29. 


1. Build all circuits on printed circuit boards (including 
breadboards). Transmission line theory for flat conductors 
in a plane quite convincingly proves that coupling is far 
tess than for round conductors in three dimensions. 

2. Use a ground plane under the IC and over as much 
of the printed circuit board surface as possible without 
exceeding practical limits. 

3. Avoid signal runs under the IC. Also avoid parallel 
runs of 1 inch or greater on the opposite or same side 
of board. 

4. Use monolithic ceramic 0.1 uF capacitors for 
decoupling power supply transients: one from Vcc to 
ground and one from Vcc2 to ground for each IC 
package. Keep lead lengths to 1/4 inch or less and place 
in close proximity to the IC. 

5. Keep all signal runs as short as possible. 


When evaluating the device for phase jitter and fre- 
quency response, a special test jig should be designed 
to reduce ground loops and coupling caused by instru- 
mentation. Instrumentation test setups must be calibrated 
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at each test frequency and differential equipment 
utilized where required. A valid evaluation of the per- 
formance of any read amplifier chain requires considerable 
care and thought. 


FIGURE 29 — POWER AND GROUND DISTRIBUTION FOR 
MC3470 PRINTED CIRCUIT BOARD LAYOUT 


Vec2 Vec1 


NOTE: Dotted tines outline ground plane 
on back side of printed circuit board. 
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TECHNICAL DATA 


FLOPPY DISK 


WRITE CONTROLLER 
FLOPPY DISK WRITE CONTROLLER/HEAD DRIVER IWITHIERAEE DELAY) 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3471 is a monolithic integrated Write Controller/Head 
Driver designed to provide the entire interface between the write 
data and head control signals and the heads (write and erase) for 
either Tunnel or straddie-erase floppy disk systems. 

Provisions are made for selecting a range of accurately con- 
trolled write currents and for head selection during both read and 
write operation. Additionally, provisions are included for exter- 
nally adjusting degauss period, inner/outer track compensation, 
and the delay from write gate to erase turn-on and turn-off. 

Erase Delays are controlled by driving the delay inputs D1 and 
D2 with standard TTL open-collector logic (microprocessor com- 
patible) or by using the external RC mode in which case the delay 
is one 7 (K factor = 1.0). 

In addition, an Inhibit output is provided which indicates that 
the heads are active during write, degauss, or erase. 


®@ Head Selection — Current Steering Through Write Head and P SUFFIX 
Erase Coil in Write Mode PLASTIC PACKAGE 
@ Adjustable On-Chip Delay of Erase Timing — Stable K Factor CASE 738 
@ Delay Pins Logic Compatible for Direct Microprocessor 
Compatibility 
@ Inhibit Output Provided to Disable Read or Step During Head 
Active Time 
@ Provides High Impedance (Read Data Enable) During Read 
Mode 
@ Head Current (Write) Guaranteed +3% (3.0 mA using Rext = 
10 kQ)) 


IRW Select Input Provides for Inner/Outer Track Compensation 
Degauss Period Externally Adjustable 

Specified With Head Supply (Vgg) from 10.8 V to 26.4 V 
Minimizes External Components 

See Application Note AN917 for Further Information 


PIN CONNECTIONS 


Center 


BLOCK DIAGRAM 
Re-W1 R’W2 


Toggle 
Select 


IRW 
Select 


Current 
Select 


Inhibit 
(Top View) 


VRet '!Ref WG 
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MAXIMUM RATINGS (Tag = 25°C) 


Power Supply Voltage (Pin 14) 


Power Supply Voltage (Pin 19) 


Input Voltage (Pins 4, 5, 8, 13) 


Output Applied Voltage (Pin 10) 


Open-Collector Sink Current (Pin 10) 


Storage Temperature 


Operating Junction Temperature 


RECOMMENDED OPERATING CONDITIONS 


Rating Symbol Unit 
Power Supply Voltage (Pin 14) Vec +4.75 to +5.25 Vdc 
Power Supply Voltage (Pin 19) VBB +108 to +264 Vde 


Operating Ambient Temperature Range 0 to +70 


ELECTRICAL CHARACTERISTICS (Ta = Oto + 70°C, Vcc = 4.7510 5.25 V, Vag = 10.8 to 26.4 V unless otherwise noted. Typicals given 
for Vcc = 5.0 V, Veg = 12 Vand Ta = 25°C unless otherwise noted.) 


[ Characteristics | Pins [| Symbot Min | Typ | Max | Unit 


DIGITAL INPUT VOLTAGES 


Power Supply Current — Vcc icc — 
VBB IBB = 
High Level Input Voltage Vin 2.0 
(Vcc = 4.75 V) 
Low Level Input Voltage VIL — 
(Vcc = 5.25 V) 
Input Clamp Voltage ViK = 
(ly = -12 mA) 
Positive Threshold VT(+) 1.5 
(Vcc = 5.0) 
Negative Threshold VTi-) 0.7 
(Vcc = 5.0) 
Hysteresis (VT(+) - VT(-)). VHTS 
Ta = O°C to +70°C 0.2 
Ta = 25°C 0.4 
DIGITAL INPUT CURRENTS 
High Level Input Current 4,5, 8, 13 lH _ 0.1 40 uA 
(Vcc = 5.25 V, Veg = 26.4 V, Vj = 2.4 V) 
Low Level Input Current 4,5, 8,13 He mA 
(Vcc = 5.25 V, Veg = 26.4 V, Ta = 25°C unless 
noted below) — — -1.6 
VeBB = 12V 4 _ 0.36 _ 
VeB = 24V 4 _ 0.76 = 
Vcc = 5.0 V 5 _ 0.46 _ 
Vcc = 5.0 V 8,13 —_ 0.39 = 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 0 to + 70°C, Vcc = 4.75 to 5.25 V, Vag = 10.8 to 26.4 V unless otherwise 
noted. Typicals given for Vcc = 5.0 V, Vag = 12 V and Ta = 25°C unless otherwise noted.) 


[ Characteristics il Pins | Symbol | Min | Typ I Max l Unit 
CENTER-TAP and ERASE OUTPUTS 


Output High Voltage (See Figure 14) 
(IoH = —100 mA, Vcc = 4.75 V) 
VeB = 10.8 to 26.4 V 
Output Low Voltage (See Figure 14) 
(lo, = 1.0 mA) 
Veg =12V 
Veep: 24V 
Output High Leakage Current 
(VoH = 24V, Vcc = 4.75 V, Vag = 24 V) 
Output Low Voltage (See Figure 15) 
(lo, = 90 mA, Vcc = 4.75 V) 
Vep = 12V 
VeB = 24V 


DIGITAL OUTPUT LEVEL (Inhibit) 


18, 20 


18, 20 


15,17 


15,17 


High Level Output Current 10 
(VOH = 7.0 V, Vcc = 4.75 V) 


Low Level Output Voltage 10 
(lol = 4.0 mA, Vcc = 4.75 V) 


CURRENT SOURCE 


Reference Voltage 1 


Degauss Voltage (See Text} 1 
(Voltage Pin 1 - Voltage Pin 2) 


Bias Voltage 2 


Write Current Off Leakage 6,7 
(VOH = 30 V) 


Saturation Voltage 6.7 Vsat a 
(Veg = 12 V) 


Current Sink Compliance 6,7 Aly RW2, 1 ee 
(For Vg, 7 = 4.0 V to 24 V, Vi = 08 V) 


Average Value Write Current 6,7 
(Pin 6+ 'Pin 7) 
2 

@ Irsyw= ILow. R= 10k IR/ WIL} 
Ta = 25°C 2.91 
Ta =Oto0+70°C 2.84 
@ IR/w = lLow. R= 5.0k 
Ta = 25°C 5.64 
Ta =0 to +70°C 5.51 
@ Ip/w= IHL R= 10k (Hi = Low + % ILOwW) AIR/ With) 
Ta = 25°C 31.3 
Ta =0to+70°C 30.3 
Difference in Write Current 6,7 IR/WA 
(Pin 6 - !Pin 7/ 
@ ip, w= ILOW. VeB = 10.8 V to 26.4 V) 
R= 10k 
Ta = 25°C _ 0.003 0.015 
Ta = 0 to +70°C Pa se 0.023 
R=50k 
Ta = 25°C af _ 0.030 
Ta =0to+70°C _— a 0.046 


for Vag = 10.8 to 26.4 V) 
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ERASE DELAY ACCURACY (Vcc = 4.75 to 5.25 V, Ta = Oto +70°C, Vgp = 10.8 to 26.4 V, — refer to Figure 9.) 


Characteristics 


Delay Error, Pin 11, 12 
D1, D2 = RC +Ep1 2, 30kN<R < 300kN 


AC SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C, Veg = 24 V, IRwS = 0.4 and IR/;w = 3.0 mA unless otherwise 
noted.) 


Characteristics (Note 1) 


going high through 20 V. 
2. Delay from Head Select going low through 0.8 V to CT1 
going low through 1.0 V. 
3. Delay from Head Select going high through 2.0 V to CT@| HS, Pin 13 
going low through 1.0 V. 
4. Delay from Head Select going high through 2.0 V to CT1/ HS, Pin 13 
going high through 20 V. 
5. Delay from WG going low through 0.8 V to CTO WG, Pin 4 
going tow through 1.0 V. 
6. Delay from WG going low through 0.8 V to CT1 ,Pin4 
going high through 20 V. 
7. Delay from WG going low through 0.8 V to CTO , Ping 
going high through 20 V. 
8. Delay from WG going low through 0.8 V to CT1 
going low through 1.0 V. 
9. After WG goes high, delay from R/W1 turning off 
through 10% to CT@ going high through 20 V. 
10. After WG goes high, delay from R/W1 turning off 
through 10% to CT1 going fow through 1.0 V. 
11. After WG goes high, delay from R/W2 turning off 
through 10% to CT@ going low through 1.0 V. 


12. After WG goes high, delay from R/W2 turning off 
through 10% to CT1 going high through 20 V. 


13. After WG goes low, delay from CT@ going low through 
1.0 V to R/W11 turning on through 10%. 


14. After WG goes low, delay from CT1 going low through 
1.0 V to R/W2 turning on through 10%. 


. After WG goes low, fall time (10% to 90%) of R/W1. 
. After WG goes low, fall time (10% to 90%) of R/W2. 


: Setup time, Head Select going low before 
WG going low. 


. Write Data low Hold Time 
. Write Data high Hold Time 


20. Delay from WG going high through 2.0 V 
to R/W 1 turning off through 10% of on value. 


21. Delay from WG going low thru 0.8 V 
to Inhibit going low thru 0.5 V 


22. After WG goes high, delay from R/W1 turning off 
thru 10% to Inhibit going high thru 1.5 V (10 k pullup 
on Inhibit, Note 3) 


23. After WG goes high, delay from E7 going high thru 
23 V to Inhibit going high thru 1.5 V (10 k pullup 
on Inhibit, Note 3) 


Notes: 
1. Test numbers refer to encircled numbers in Figures 3 & 16. 3. Test Conditions 22, or 23, whichever produces the 
2. AC test waveforms applied to the designated pins as follows: longer delay, will control Inhibit. 


HS, Pin 13 50 kHz 0.4 to 2.4V 50% 
WG, Pin 4 50 kHz 0.4 to 2.4V 50% 
WD, Pin 5 1.0 MHz 0.2 to 2.4V 50% 
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AC SWITCHING CHARACTERISTICS (continued) 
(Vcc = 5.0 V, Ta = 25°C, Vgp = 24 V, WG = 0.4 unless otherwise noted) 


Characteristics (Note 4} 


1. Delay from Write Data going low through 0.9 V to R/W1 
turning on through 50%. 


2. Delay skew, difference of R/W1 turning off and R/W2 
turning on through 50% after Write Data going low 
SES DONE See 0.9 V. 


4. Delay skew, difference of R/W1 turning on and R/W2 
turning off 50% after Write Data going low 
through 0.9 V. 


5. Fall time, 10% to 90%, of R/W1 
6. Fall time, 10% to 90%, of R/W2 
7. Rise time. 90% to 10%, of R/W1 
8. Rise time, 90% to 10%, of R/W2 


Note 4. Test numbers refer to encircled numbers in Figures 2 & 15. 
fin = 1.0 MHz, 50% Duty Cycle and Amplitude of 0.2 V to 2.4 V. 


PIN DESCRIPTION TABLE 


Name Symbol Description 
Head Select HS Head Select input selects between the head I/O pins; center-tap, erase, and read/write. A 
HIGH selects Head @ and a LOW selects Head 1. 

Write Gate WG Write Gate input selects the mode of operation. HIGH selects the read mode, while LOW selects 
the Write Control mode and forces the write current. 

Write Data wD Write Data input controls the turn on/off of the write current. The internal divide-by-two flip-flop 
toggles on the negative going edge of this input to direct the current alternately to the two 
halves of the head coils. 

IRW Select IRWS IRW Select input selects the amount of write current to be used. When LOW, the current equals 


the value found in Figure 5, according to the external resistor. When HIGH, the current equals 
the low current + 33%. 


VRef VRet Be A resistor between these pins sets the write current. (Refer to Figure 4.) A capacitor from 


'Ref el Vref to Gnd will adjust the Degauss period. 

Center-Tap 0 18 | Center-Tap @ output is connected to the center tap of Head @. It will be pulled to Gnd or Vag 
(+12 or +24) depending on mode and head selection. 

“Erase 0 EO 17 | Erase 0 will be LOW for writing on Head @, and floating for other conditions. 

Center-Tap 1 cT1 20 | Center-Tap 1 output is connected to the center tap of Head 1. It will be pulled to Gnd or Vag (+12 or 


+24) depending on mode and head selection. 


Erase 1 =1 | 15 | Erase 1 will be LOW for writing on Head 1, and floating for other conditions. 
R/W2 R/W2 Si R/W2 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W1. It will be connected to one side of the heads. 
R/W1 R/W1 R/W11 input is one of the differential inputs that sinks current during writing, being the opposite 
phase of R/W2. it will be connected to one side of the heads. 
fee +5.0 V Power 
Ves _| 19 | +12 Vor+ 24 V Power 
Gnd 16 | Coil grounds 
Gnd Reference and logic ground 
Delay 1 D1 12 | Erase Turn-On Delay adjust (RC or Logic) 
Delay 2 D2 11 | Erase Turn-Off Delay adjust (RC or Logic) 
Inhibit Inhibit 10 | Active low open-collector output provided to indicate heads are active tn the write, degauss or erase 


mode. (Used for step or read inhibit.) 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-127 


IRWS 


Head 


Eom - 
[>° ibe, 


Write Data 


5 


R/W1 R/W2 
7 


6 


MC3471P 


FIGURE 1 — LOGIC DIAGRAM 
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FIGURE 2 — R’/W1 AND R/W2 RELATIONSHIP 
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FIGURE 3 — AC TIMING DIAGRAM 
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FIGURE 4 — TYPICAL APPLICATION 
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APPLICATION INFORMATION 


The MC3471P serves as a complete interface between 
the Write Control functional signals (Head Select, Write 
Data, Write Gate and inner track compensation, IRWS) 
and the head itself. A typical configuration is shown in 
Figure 4. Le’s are erase Coils 


WRITE CURRENT SELECTION 


Although the MC3471P has been specified for 3.0 mA 
write current (with a 10 k{) external resistor), a range of 
write current values can be chosen by varying Rext using 
the plot in Figure 5. This current can also be derived using 


30 
Rext(k®) 


IRef, the current flowing in Rext (required only for dis- 
sipation calculations) can be worst case using the fact 
that the differential voltage between Pins 1 and 2 (Vpef) 
shown in Figure 3 never exceeds 5.0 volts. With a low 
value of Rext = 1.0 kD, Pp = 25 mW. 


the relationship lwrite (MA) = 


FIGURE 5 — WRITE CURRENT versus Rext 
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WRITE CURRENT DAMPING 


Referring to Figure 4, resistors Rp are used to dampen 
any ringing that results from applying the relatively fast 
risetime write current pulse to the inductive head load. 
Values chosen will be a funciton of head characteristics 
and the desired damping. Rp serves as a common pullup 
resistor to the head supply Vgp. 


DEGAUSS PERIOD 


Degauss of the read/write head can be accomplished at 
the end of each write operation by attaching a capacitor 
from Pin 1 to ground. The time relationship that results is 
shown in Figure 7. Asimplified diagram of this function is 
shown in Figure 6. 

While WG is low, the selected write current flows into 
Pin 6or Pin 7(R/W1 or R/W2) and is mirrored through the 
external resistor, Rext. The degauss capacitor, CoG, will 
be charged to approximately 5.7 volts. After WG goes high, 
the voltage on Cpg begins to decay toward 0.7 V When 
the voltage reaches the comparator threshold of 1.7 V, the 
comparator output triggers the internal logic to completely 
turn off the write current. At this point, the pulse amplitude 
on the R/W1 and R/W2 pins has returned to 10% of its 
maximum value 


See Application Note AN917 for further information. 


2700 pF 


Figure 7, Degauss Period shows the relationship 
between Cog and Degauss Period for Rex; = 10 kf. This 
period is equal to the exponential delay time for the voltage 
as mentioned plus internal delay times. 


FIGURE 6 — SIMPLIFIED DEGAUSS CIRCUIT 
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FIGURE 7 — DEGAUSS PERIOD versus 
CAPACITANCE (Cpyg) 
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DEGAUSS PERIOD (ys) 


POWER-UP WRITE CURRENT CONTROL 

During power-up, under certain conditions (Vpg 
comes up first while WG is low), there can be a write 
current transient on Pins 6 and 7 (R/W1 and R/W2) of 
sufficient magnitude to cause writing to occur if the 
head is loaded. 

This transient can be eliminated by placing a capacitor 
from Pin 2 to ground. This also delays the write current 
when WG goes low and this delay must be accounted 
for when the capacitor on Pin 2 is used. The delay is 3.0 
us for a 2700 pF capacitor, and Rey¢ = 10 kM. Values 
up to 7000 pF may be used. 


Rast MC3471 
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ERASE DELAY 


The MC3471P can be used with both straddle and 
tunnel erase heads. When using the tunnel erase heads, 
it is necessary to delay the erase current in time with 
respect to WG due to the physical placement of the 
erase gap behind the R/W gap on the heads. The amount 
of delay required depends upon the disk rotation ve- 
locity, recording density and format. Turn-on delay and 
turn-off delay must also be independent to guarantee 
erase is on for the entire biock. 

Nominal delays of 500 us turn-on; and 1.0 ms turn- 
off are available by adjusting the value of R1, R2 and 
Ci, C2 shown in Figure 4. These delays are adjustable 
over a broad range as shown in Figure 9 to achieve any 
practical delay required. By using 5% capacitors and 1% 
resistors, total timing accuracy is better than + 15% over 
temperature and supply. Timing is shown in Figure 10. 

In applications using logic or microprocessor con- 
trolled delays, the D1 and D2 inputs can be used directly 
to turn-on and turn-off the erase current. (Controlling 
outputs should be Open-collector w/10 k pullup). Figure 
11 shows the relative timing involved for the micropro- 
cessor and logic controlled applications. 

In straddle erase systems, the erase delays can be 
eliminated by pulling D1 and D2 high thru a 10 kO pullup 
resistor to +5.0 V. 


FIGURE 9 — TYPICAL WG TO E@, 1 DELAY versus RC 
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ERASE CURRENT 


The value of Rex, the erase current set resistor, is found 
by referring to Figure 12 and selecting the desired erase 
current. 

Looking at the simplified erase current path in Figure 
12, when writing, CT@ will be high (VOH(min) = 
22.5 V) and EQ will be low (VOL(max) = 9.6 V). If the 
erase coil resistance is 10 1 and 40 mA of erase current 
is desired then: 


(RE + 102) x 40 mA = (22.5 —0.6) V 
or 


Re 21.9 V 


0.04 A 
Pp = (537) (0.04)2 = 0.86 W 


109 = 5370 


This gives the minimum value Re for worst case Voy/ 
VoL conditions. It is also recommended that a diode be 
used as indicated for inductive back emf suppression. 


FIGURE 10 — DELAY INPUT FUNCTION/ TIMING 
WITH RC ELEMENTS 
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FIGURE 11 — DELAY INPUT FUNCTION/TIMING 
WITH LOGIC CONTROL 
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FIGURE 12 — ERASE CURRENT 
(RE Selection) 
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FIGURE 13 — TYPICAL DUAL HEAD FLOPPY DISK SYSTEM USING 
FET GATE READ CHANNEL SELECTION AND MC3471/MC3470A 
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TEST FIGURES 


FIGURE 14 — CENTER TAP OUTPUT VOLTAGE 
(PINS 18 AND 20) 


CONDITIONS 


Measure 


“Volts 


FIGURE 15 — ERASE OUTPUT LOW VOLTAGE 
(PINS 15 AND 17) 


CONDITIONS 


FIGURE 16 — TIMING TEST CIRCUIT 
*H5OV15% +24V +5% 
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Notes: 
Diodes Type 1N4934 


4000 pF 8000 pF A 200 pF Resistors (unless otherwise noted) are 1/4 W 5% 
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TECHNICAL DATA MC3485 


IBM 360/370 
QUAD SINGLE-ENDED LINE DRIVER QUAD LINE DRIVER 

The MC3481 and MC3485 are quad single-ended line drivers 
specifically designed to meet the IBM 360/370 1/0 specification 
(GA22-6974-3). 

Output levels are guaranteed over the full range of output load 
and fault conditions. Compliance with the IBM requirements for 
fault protection, flagging, and power up/ power down protection for 
the bus make this an ideal line driver for party line operations. - L SUFFIX 

RAMIC PACKAGE 
@ Separate Enable and Fault Flags — MC3481 CASE 620 
@ Common Enable and Fault Flag — MC3485 


@ Power Up/Down Does Not Disturb Bus 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ Schottky Circuitry for High-Speed — PNP Inputs 
@ Internal Bootstraps for Faster Rise Times P SUFFIX 
@ Driver Output Current Foldback Protection PLASTIC PACKAGE 
@ MC3485 has LS Totem Pole Driver Output eis 


MC3481 MC3485 
DUAL ENABLE COMMON ENABLE 
INDIVIDUAL FAULT FLAG COMMON FAULT FLAG 


Driver Output A [= | 
«| Driver Output D 


Fault Flag D 


Fault Flag 


s ble CO 
t= | Enable (Open Collector) 


0 Fault Flag C 


Driver Output C 


TYPICAL APPLICATION 


1/4 MC3481 or 
1/4 MC3485 
1/7 MC75125/7 


1/8 MC75128/9 
Coaxial aa, 
Cable 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


MC3481, MC3485 


Rating ‘I 

Power Supply Voltage +7.0 
Input Voltage { 10 
Driver Output Voltage 5.5 
Power Dissipation (Package Limitation) 

Ceramic Package 1150 

Plastic Package 962 

Derate Above Ta = 25°C 7.7 

Operating Ambient Temperature Range Oto +70 
Junction Temperature Ceramic Package +175 

Plastic Package + 150 
Storage Temperature Range —65 to + 150 

RECOMMENDED OPERATING CONDITIONS 
Characteristic Symbol | Min Typ Max Unit 

Power Supply Voltage Vcc 4.5 5.0 5.95 Vdc | 
High Level Output Current 1OH — = —§9.3 mA | 
Operating Ambient Temperature Range TA 0 _ +70 °C “| 


SWITCHING CHARACTERISTICS (See Note 1. Unless otherwise noted, these specifications apply over recommended temperature 
range. VO Driver characteristics are guaranteed for Vcc = 5.0V +10% and Select-Out Driver characteristics are guaranteed for 
Vcc = 5.25 to 5.95 V. Typical values measured at Ta = 25°C and Vcc = 5.0 V. See Tables 1 and 2, Figures 1 and 2 for load conditions.) 


Characteristics 


Propagation Delay Time 
High-to-Low-Level, Driver Output 


Notes 1. Reference IBM specification GA22-6974-3 for test terminology. 


As W/O Driver tPHL(D) = 18 
As Select-Out Driver tPHL(DS) _— 19 
Low-to-High-Level, Driver Output 
As \/O Driver tPLH(D) _ 20 
As Select-Out Driver tPLH(DS) —_— 21 
High-to-Low-Level, Driver Output 
As I/O Driver tPHL(D) _— 25 
As Select-Out Driver tPHL(DS) — 26 
Low-to-High-Level, Driver Output 
As I/O Driver tPLH(D) _ 25 
As Select-Out Driver tPLH(DS) _ 26 
High-to-Low-Level, Fault Flag — MC3481 
As \/O Driver tPHL(F) rae 45 
As Select-Out Driver tPHL(FS) _— 47 
Low-to-High-Level, Fault Flag — MC3481 
As |/O Driver tPLH(F) = 40 
As Select-Out Driver tPLH(FS) _ 42 
Ratio of Propagation Delay Times tPLH(D) — 1.0 
As \/O Driver tPHL(D) | 


2. The fault protection circuitry of the MC3481 85 requires relatively clean input voltage waveforms for current operation. Noise pulses which 
enter the threshold region (0.8 to 2.0 V) may cause the output to enter the fault protect mode. To exit the protect mode, it is necessary to 
gate an input of the effected driver to the low logic state. 
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ELECTRICAL CHARACTERISTICS (Uniess otherwise noted, these specifications apply over recommended power supply and 
temperature ratings. Typical values measured at Ta = 25°C and Vcc = +5.0 V} 


MC3481 MC3485 


Characteristic 


High-Level Input Voltage Note 2 


Low-Level Input Voltage Note 2 


High-Level Input Current 
(Voc = 4.5 V, Ving = 2.7 V) - Input 
Enable 
(Vcc = 4.5 V, Vip = 5.5 V) - Input 
Enable 


Low-Level Input Current uA 
(Voc = 5.95 V, Vy = 0.4 V) - Input 


Enable 


Input Clamp Voltage 
(lic = -18 mA) 


High-Level Driver Output Voltage 
(Voc = 4.5 V, Vin = 2.0 V, IQH = -59.3 mA) 
(Voc = 5.25 V, VIH = 2.0 V, Igy = -41 mA) 


Low-Level Driver Output Voltage 
(Vcc= 5.5 V, Vit = 0.8 V, lo_ = -240 pA) 
(Voc = 5.95 V, Vit = 0.8 V, lop = -1.0 mA) 


Driver Output Short Circuit Current mA 
(Vcc = 5.5 V, Vi = 2.0 V, Vag = 0 V) 


(Vcc = 5.95 V. Vip = 2.0 V, Vag = 0 V) 
Driver Output Reverse Leakage Current 

(Voc =4.5V, Vit = OV, Vg = 3.11 V) 

(Veco =OV, Vit =OV, Vo = 3.11 V) 
High-Level Driver Output Voltage 

(Veco = 4.5 V, Vit = 0.8 V, Igy = -400 pA) 


BA 


Low-Level Driver Output Voltage 
(Vcc = 4.5 V, Vin = 2.0 V, loy = +8.0 mA) 


Driver Output Short Circuit Current mA 
(Vec = 5.5 V, Vag = OV, only one output shorted los(B) — a = ~15 -60 -100 
at a time) 
(Vcc = 5.95 V. Vos = OV, only one output shorted { los(Ds) -15 ns -110 
at a time) 


High-Level Fault Flag Output Voltage VOH(F) 25 3.0 Vv 
(Vec = 4.5 V, Ig = -400 uA) 


Low-Level Fault Flag Output Voltage VoLiF) _ — 0.5 _ _ 0.5 Vv 
(Voc = 4.5 V, Vin = 2.0 V, loy = +8.0 mA, 
Driver Output shorted to Ground 


Fault Flag Output Short Circuit Current mA 
(Vcc = 5.5 V, Vog = 0 V, only one output shorted los(F) ~15 ws -100 
at a time) 

(Vcc = 5.95 V, Vag = 0 V, only one output shorted { lQg(FS) ~15 — -110 
at a time) 


High-Level Fault Flag Output Current lOH(E) +100 uA 
(Vcc = 5.95 V. VoH = 5.95 V) 


High-Level Power Supply Current mA 
(Vcc = 5.5 V, Vip = 2.0 V, no output loading) lcocH — 50 70 = 55 75 
(Vcc = 9.95 V, Vip = 2.0 V, no output loading) ICcHS =— = 80 = — 85 


Low-Level Power Supply Current mA 
(Voc = 5.5 V, Vit = 0.8 V, no output loading) IccL — 35 55 _— 35 55 
(Vcc = 9.95 V, Viz = 0.8 V, no output loading) lceLs = a 70 oe Se 70 
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MC3481, MC3485 


FIGURE 1 — MC3481 AC TEST CIRCUIT AND WAVEFORMS 


Fault Flag Check 
Vip = 3.0V ra 


Enable 


Driver Output 


2.0k 


Fault Flag 
Output 


=z CL = 50 pF* 


* Load Capacitance shown includes 
Fixture and Probe Capacitance 


Driver Application 


Select-Out 
3.9V 


OV 
ees Normal 
LH(D) tPHL(D) Operation 
tPLH(DS) 'PHL(OS) 
VOH 
Driver Output 
Table 1 
tPHL(F) tPLH(F) 
tPHL(FS) tPLH(FS) Driver 
a ee Short 
Fault Flag Circuit 
1.3V Operation 
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MC3481, MC3485 


FIGURE 2 — MC3485 AC TEST CIRCUIT AND WAVEFORMS 


+5.0V 


VIH = 3.0V Driver Output Rr = 2.0k 


(All Diodes are MMD7000 or equivalent) 


Table Driver Application 


Driver Output 2 Select-Out 
cay VOH 3.9V 
+3. 
Input Frequency 1 MHz 
Input Pulse Width 500 ns 
2.0k 
Input Amplitude OVto4V OVto4V 
‘ault Flag Output Input tTLH <6 ns <6 ns 
= | tt <6 
* Load Capacitance shown includes T C_ = 50 pF* Oput THLE nS 
Fixture and Probe Capacitance = Load Resistance (R:) 50 
+ See Table 2 


{TLH tTHL 
| 
40V = 
Input nay 1.3V 
10% 
OV - 
'PLH(D) tPLH(D) 
tPLH(DS) 'PLH(DS) 
Driver Output Normal 
Table 2 Operation 
0.5V 
'PHL(DS) tPLH(D) 
tPHL(D) tPLH(BS) 
Driver Output 1.3V 1.3V 
tPHLIF) tPLH(F) 
Driver 
Short 
ae, Circuit 
Fault Flag 1.3V Operation 
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MOTOROLA 


= SEMICONDUCTOR xox 


TECHNICAL DATA 


QUAD EIA-422/423 LINE RECEIVER 


Motorola’s Quad ElA-422/3 Receiver features four independent 
receiver chains which comply with E1A Standards for the Electrical 
Characteristics of Balanced/Unbalanced Voltage Digital Interface 
Circuits. Receiver outputs are 74LS compatible, three-state struc- 
tures which are forced to a high impedance state when the appro- 
priate output control pin reaches a logic zero condition. A PNP 
device buffers each output control pin to assure minimum loading 
for either logic one or logic zero inputs. In addition, each receiver 
chain has internal hysteresis circuitry to improve noise margin 
and discourage output instability for slowly changing input wave- 
forms. A summary of MC3486 features include: 

e Four Independent Receiver Chains 
@ Three-State Outputs 


® High Impedance Output Control Inputs 
(PIA Compatible) 


Internal Hysteresis — 30 mV (Typ) @ Zero Volts Common Mode 
Fast Propagation Times — 25 ns (Typ) 

TTL Compatible 

Single 5.0 V Supply Voltage 

DS 3486 Provides Second Source 


RECEIVER CHAIN BLOCK DIAGRAM 


Three-State 
Differential Control 
Inputs Input Output 


Level 


Translator 


| Device | Temperature Range 


MC3486L Ceramic DIP 
MC3486P Oto +70°C Plastic DIP 


MC3486D 


MC3486 


QUAD EIA-422/3 LINE RECEIVER 
WITH THREE-STATE 
OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751B 6 7. 


(SO-16) ; 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 
16 
1 


PIN CONNECTIONS 


ORDERING INFORMATION 
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MAXIMUM RATINGS 
Rating 


Output Sink Current 
Storage Temperature 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


RECOMMENDED OPERATING CONDITIONS 


[SSCSC*SRating’ «Symbol [Value [Unie 
r Vier _| 3 
dc 


Input Common Mode Voltage Range VicR -7.0 to +7.0 
Input Differential Voltage Range VipR | 6.0 | de 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted minimum and maximum limits apply over recommended temperature 
and power supply voltage ranges. Typical values are for Ta = 25°C, Vcc = 5.0 V and Vix = OV. 
See Note 1.) 


Characteristic Symbol Min Typ Max Unit 
Input Voltage — High Logic State ViH 2.0 _ _— Vv 
(Three-State Control) 
on 4_ 
Input Voltage — Low Logic State VIL — —_ 0.8 Vv 
(Three-State Control) 
Differential Input Threshold Voltage, Note 2 v 
(~7.0V <= Vic = 7.0 V, VjH = 2.0 V) 
(lg = -—0.4 mA, Von 2 2.7 V) 
(lo = 8.0 mA, VoL 2 0.5 V) 
Input Bias Current 11B(D) mA 
(Vcc = 0 V or 5.25) (Other inputs at 0 V) 
(Vj = -10V) — —_— —3.25 
(Vi = -3.0 V) _ _— ~ 1.50 
(Vi = +3.0 V) = _ +1.50 
(Vj = +10V) — — +3.25 
Input Balance and Output Level Vv 
(~7.0V < Vic < 7.0 V, Vi = 2.0 V, Note 3) 
(lo = —0.4 mA, Vip = 0.4 V) VOH 2.7 — — 
(lo = 8.0 mA, Vip = —0.4 V) VOL — _— 0.5 
Output Third State Leakage Current 192 pA 
(Vip) = +3.0V, ViL = 0.8V, VoL = 0.5 _ — ~40 
| (V(b) = —3.0V, Vi_ = 0.8 V, VoH = 2.7 _— _ 40 
Output Short-Circuit Current los —15 _ — 100 mA 
(Vi(D) = 3.0 V, ViH = 2.0 V, Vo = OV, Note 4) 
Input Current — Low Logic State (Three-State Control) lit 
(ViL = 0.5 V) 
Input Current — High Logic State (Three-State Control) lH 
(Vin = 2.7 V) 
(ViH_ = 5.25 V) 
Input Clamp Diode Voltage (Three-State Control) ViK 
(kK = —10 mA) 
Power Supply Current Icc —_— — 85 mA 
(ViL = 2.0 V) 
NOTES: 


1. All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 
2. Differential input threshold voltage and guaranteed output levels are done simultaneously for worst case. 
3. Refer to EIA-422/3 for exact conditions. Input balance and guaranteed output levels are done simultaneously for worst case. 


4. Only one output at a time should be shorted. 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-140 


MC3486 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0 V and Ta = 25°C.) 


Characteristic 


Propagation Delay Time — Differential 
Inputs to Output 
(Output High to Low) 
(Output Low to High) 


Propagation Delay time — Three-State 
Control to Output 

(Output Low to Third State) 

(Output High to Third State) 

(Output Third State to High) 

(Output Third State to Low) 


tPHL(D) 
tPLH(D) 


FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 


Propagation Delay Differential |nput to Output 


To Scope To Scope 
(input) (Output) 3.0 V 


input : 15V 
OY — pS = + 


Differential tPLH(D) e-  — — TPLH(D) 
Inputs v 1 
51 CL = 15 pF OH 
Pulse (Includes Probe Va, Cutout £ 1.3 v 1.3V 
Generator and Stray ae 
A ov 
Capacitance) Input Pulse Characteristics 
= 3-State Control tTLH = tTHL = 6.0 ns (10% to 90%) 
P = 1, 
+415V 4+2.0V RR O MHz, 50% Duty Cycie 
FIGURE 2 — PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT 
Input Pulse Characteristics To Scope 
tTLH = tTHL = 6.0. ns (10% 10 90%) = (INPUT) 3. State 
PRR = 1.0 MHz, 50% Duty Cycle 
To Scope 
(Output) 
Pulse 
Generator 
eo.’ 2 +5.0V 
+1.5 V for tpyz andtp7H oo H¢ WA +e 
~-1.5 V fort andt d 
PLZ PZL Differential All Diodes 1N916 or 
Inputs Equivalent 
CL = 15 pF 5.0 k 
(includes i 
Probe and Stray | 


Capacitance) {sm 


3.0 V 3.0 V 
Input Ein 1.5 V; SW1 Closed 
ov-- SW1 Closed ov -- SW2 Closed 
eal vs tpLZz SW2 Closed tepHz 
chee VOH 0.5 v 
Output Eout 
Vv O5V 21.32 VY —— 
OT ee 6 itti‘CO™S™C™C™C™*™*C*C*C NR ee oy 
a tpZ2H teZ2L 
Ov 
3.0V 3 SWt Closea 
Input 1.5.V  sw1 Open Input SW2 Open 
Oov—-—- SW2 Closed OV. 
tezH tP2L 
=5.0V -Vpe 
Output 1.5V 
VOL 
Ov 
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MOTOROLA 


a SEMICONDUCTOR SEE 
TECHNICAL yard MC3487 


QUAD EIA-422 LINE DRIVER 


QUAD LINE DRIVER WITH WITH Yiu Ata 
THREE-STATE OUTPUTS Oo 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Motorola’s Quad EIA-422 Driver features four independent 
driver chains which comply with EIA Standards for the Electrical 
Characteristics of Balanced Voltage Digital Interface Circuits. The 
outputs are three-state structures which are forced to a high 
impedance state when the appropriate output control pin reaches 
a logic zero condition. All input pins are PNP buffered to minimize 
input loading for either logic one or logic zero inputs. In addition, ‘ L SUFFIX 
internal circuitry assures a high impedance output state during CERAMIC PACKAGE 
the transition between power up and power down. A summary -\ CASE 620 
of MC3487 features include: 


D SUFFIX 

F PLASTIC PACKAGE 
@ Four independent Driver Chains CASE 751B 16 Ee 
© Three-State Outputs (SO-16) a 
@ PNP High Impedance Inputs (PIA Compatible) 
e Fast Propagation Times (Typ 15 ns) P SUFFIX 
e TTL Compatible PLASTIC PACKAGE 
@ Single 5 V Supply Voltage poue pas 
e@ Output Rise and Fall Times Less Than 20 ns 
e DS 3487 Provides Second Source 


PIN CONNECTIONS 


InputA 14 % Vec 
2 16 Input D 
3 16 

A/B Control 4 13 
12 C/D Control 


Outputs Af \ outputs D 


DRIVER BLOCK DIAGRAM 


5 
Outputs B t 


1 
\ Outputs Cc 
Input B 7 10 


Gnd 8 9 Input C 
Non-Inverting 


Outputs 


TRUTH TABLE 


Contro! Non-Inverting | inverting 
input Output Output 


H H OH L 
L H ns H 
x L z z 


L = Low Logic State 
H = High Logic State 


Inverting 


Output 
Control 


X = Irrelevant 
2 = Third-State (High Impedance) 
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MC3487 


MAXIMUM RATINGS 


Power Supply Voltage 
Input Voltage 


Operating Junction Temperature Range 
Ceramic Package 
Plastic Package 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted specifications apply 4.75 V < Vcc < 9.25 V and O°C < Ta < 70°C. 
Typical values measured at Vcc = 5.0 V, and Ta = 25°C.) 


Input Current — Low Logic State 


t 
> 


(Vi_ = 0.5 V) 


Input Voltage — Low Logic State f 08 | Vde 


Input Current — High Logic State 
(Vin = 2.7 V) 


(Vip, = 5.5 V) 


Input Clamp Voitage 
(j= -18 mA} 


Output Voltage — Low Logic State VoL 
(lo = 48 mA) 
Output Voltage — High Logic State VOH 2:5 
(lo = -20 mA) 
Output Short-Circuit Current 
(VIH = 2.0 V, Note 1) 
(Vi = 2.7 V, ViL(z) = 0.8 V) ze 
Output Leakage Current — Power OFF fey 


+ 
eat 
ov 
oo 
‘ss 


3 
> 


Output Leakage Current — Hi-Z State 
(Vit = 0.5 V, Vit(z) = 0.8 Vv) 


r 
> 


= re 
'OL (off) 

(VoH =6.0V, Vcc =0V) 

(VoL = 0.25 V, Voc = 0 V) 


Output Offset Voltage Difference (Note 2) Vos-Vos 
Output Differential Voltage (Note 2) 2.0 


Output Differential Voltage Difference (Note 2) |AVopl| fT | 


Power Supply Current 


(Control Pins = Gnd, Note 3) 
(Control Pins = 2.0 V) 


oo 


ad 
o 
a» 


ones 
ome) 
* 
Ii 
ra) 
oO 
3 
> 


Notes: 1. Only one output may be shorted at a time. 
2. See EIA Specification ElA-422 for exact test conditions. 
3. Circuit in three-state condition. 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


Characteristic 


TPHL 
TPLH 
tTLH 


Propagation Delay Times 
High to Low Output 
Low to High Output 
Output Transition Times — Differential 
High to Low Output 
Low to High Output 
Propagation Delay — Control to Output 


+ 
< 
Ss 
nN 
oO 


nN NN 
: a 
a n 


N 
o 


(Ry = 200 2, Cy = 50 pF) tPHZ(E) 
(RL = 200 2, C, = 50 pF) tPLZ(E) 
(RL =, CL = 50 pF) tPZH(E) 


WWwWn 
oou 


(RL = 200 2, Cy = 50 pF) tPZLIE) 
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MC3487 


FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT 
AND WAVEFORMS 


3.0 V or Gnd To Scope 
To Scope (Input) {nput Output 
inv 
Pulse generator characteristics 


Output 
25 = 502 


Open for tp2}4(—) Test Only 


PRR = 1.0 MHz 


Non-Inv 
50% Duty Cycle 


Output 
TTLH, tTTHL S 5s Control 


1N3064 
Pulse 


or Equivalent 
Generator 


Open for 


te2_(e) Test Only 
Cy Includes Probe and 
Jig Capacitance 


3.0 V 
Control 


Control 
Input 


Input 


tPZL(E) —4 


Output 
Output 


tPZH(E) —™ 
teLz(e}—*] 


Output 
Output i 


FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO 
OUTPUT WAVEFORMS AND TEST CIRCUIT 


Scope 
(Output 
Scope 


(Input) iny 
Output 


Pulse 
Generator 


Output ca ied 1N914 or 
C_ = 50 pF 
Pulse generator characteristics 


Equivalent 
Z5 = 502 Control 
PRR = 1.0MHz 3.0V 
50% Duty Cycle 


Cy. includes probe 
ttLH. tTHL < 5s — 3.0V and jig capacitance 


Input 


Output 


Output 
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FIGURE 3 — OUTPUT TRANSITION TIMES TEST CIRCUIT AND WAVEFORMS 


(Differential) 


A ie 
= Cy includes probe 
and jig capacitance 


Pulse generator characteristics 
Zo = 502 
PRR = 1.0 MHz 


50% Duty Cycle 


tTLH: tTHL <5 ns 


FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOL TAGE 


Igy. OUTPUT CURRENT (mA) 


80 


70 


60 
(Typical) 
50 


40 


30 


Output 
(Differential) 


FIGURE 5 — OUTPUT SINK CURRENT versus OUTPUT VOL TAGE 


Von. OUTPUT VOLTAGE (VOLTS) 


igi, OUTPUT SINK CURRENT-LOW (mA) 


0 100 =< 200Ss300,-'—«ADDSs—“(‘é‘éSCODSSC700S«800 
Voi. OUTPUT VOLTAGE-LOW (mV) 
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MOTOROLA 


m= SEMICONDUCTOR xy MC3488A 
TECHNICAL DATA 


DUAL 
EIA-423/EIA-232D 
DRIVER 


SILICON MONOLITHIC 

The MC3488A dual single-ended line driver has been designed INTEGRATED CIRCUIT 
to satisfy the requirements of EIA standards EIA-423 and 
EIA-232D, as well as CCITT X.26, X.28 and Federal Standard 
FIDS1030. It is suitable for use where signal wave shaping is 
desired and the output load resistance is greater than 450 ohms. 
Output slew rates are adjustable from 1.0 us to 100 us by a single - 
external resistor. Output level and slew rate are insensitive to : P1 SUFFIX 
power supply variations. Input undershoot diodes limit transients PLASTIC PACKAGE 
below ground and output current limiting is provided in both CASE 626 
output states. 

The MC3488A has a standard 1.5 V input logic threshold for 
TTL or NMOS compatibility. 


F : : D SUFFIX 
e@ PNP Buffered Inputs to Minimize Input Loading PLASTIC PACKAGE se. 
@ Short Circuit Protection CASE 751 1 
Adjustable Slew Rate Limiting OF 
@ MC3488A Equivalent to 9636A 


@ Output Levels and Slew Rates are Insensitive to Power PIN CONNECTIONS 
Supply Voltages 


No External Blocking Diode Required for Veg Supply 
Second Source wA9636A 


DUAL EIA-423/EIA-232D LINE DRIVER 


TYPICAL APPLICATION 


Wave Shape 


Control MC3486 


‘ Three-State Receiver 
MC3488A Driver Rg.423 Interface 
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MC3488A 


MAXIMUM RATINGS (Note 1) 


Power Supply Voltages 


Output Current 
Source 


Sink 


Junction Temperature Range 
Ceramic Package 
Plastic Package 


[characteristic | Symbol | Min | Tw | 


Power Supply Voltages 
VEE 


[Operating Temperature Range [Ta [| 0 | 25 | 
[ wave shaping Restor | Aws | 10 | — | 


TARGET ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over recommended operating 
conditions) 


Symbol 
Input Voltage — Low Logic State VIL 
Input Voltage — High Logic State Vin 


Input Current — Low Logic State 
(Vi_L = 0.4 V) 


Input Current — High Logic State 
(Vin = 2.4 V) 
(Vin = 5.5 V) 


Input Clamp Diode Voltage 
(4k = —15 mA) 


< 
3 


< 
A 
| 

an 


Output Voltage — Low Logic State VOL Vv 
(RL = ~) EIA-423 
(Rp = 3.0 kQ) EIA-232D 


(Rp = 4500) EIA-423 


Output Voltage — High Logic State 
(RL = =) E1A-423 

(RL = 3.0kQ) EIA-232D 

(RL = 4509) ElA-423 


Output Resistance 
(RL = 450 ©) 

Output Short-Circuit Current (Note 2) 

(Vin = Vout = 9 V) 
in = VIH(Min)- Vout = 9 V) 
Output Leakage Current (Note 3) 

(Vcc = Veg = OV, —6.0 V < Vo < 6.0 V) 
Power Supply Currents 
(Rw = 100 kO, Ru = ~ Vit <= Vin < ViH) 


Note 1: Devices should not be operated at these values. The “Electrical Characteristics” provide conditions for actual device operation. 
2: One output shorted at a time. 
3: No Veg diode required. 
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a 


— 150 
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TRANSITION TIMES (Unless otherwise noted, Cy = 30 pF, f = 1.0 kHz, Vcc = —VegE = 12.0V + 10%, Ta = 25°C, RL = 450 


Q. Transition times measured 10% to 90% and 90% to 10%) 
Characteristic 


Transition Time, Low-to-High State Output 
(Rw = 10k) 

(Ry = 100 kQ) 

(Rw = 500 kQ) 

(Ry = 1000 kQ) 


Transition Time, High-to-Low State Output 
(Rw = 10 kQ) 

(Ry = 100 kQ) 

(Rw = 500 kQ} 

(Rw = 1000 kQ) 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS 
FOR TRANSITION TIMES 


To To 
Scope Scope 
(Input) (Output) 


Pulse 
Generator 


CL 

(Includes 
Probe and Jig 
Capacitance) 


f = 1.0 kHz 
Pw = 500 us 


Note: Input Rise 


and Fall Times 
(10%-90%) = 10 ns 
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WAVE SHAPE RESISTOR, Rw (kQ) 


MC3488A 


FIGURE 2 — OUTPUT TRANSISTION TIMES FIGURE 3 — INPUT/OUTPUT CHARACTERISTICS 
versus WAVE SHAPE RESISTOR VALUE versus TEMPERATURE 
6.0 
— 40 
5 
S 20 
o 
= 0 
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5-20) | Vee = 12V 
— a 
= 5 Vee = -12V 
os Sor 4 se a ~ — 4.0 = 
= die nie sitet ai 3 Rws = 100k 
byt tatty 5 " _ t aa = 69 |_| a = 4500 
io LI bail 00 Ae aan 10 
0.1 10 oe 100 100C 0 1.0 2.0 
TRANSITION TIMES, trH/tTHL (us) Vin, INPUT VOLTAGE (VOLTS) 


FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOLTAGE 


lout: OUTPUT CURRENT (mA} 


POWER-ON 6% sigs OFF 
oe Vec = V it OV | 
0.06 Sr a ade [ 1 
= 0.04 (No diode required + + { 
= at Veg Pin.) 
z 0.02 + 
wi 
f 
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FIGURE 5 — SUPPLY CURRENT versus 
TEMPERATURE FIGURE 6 — RISE/FALL TIME versus Rys 
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MOTOROLA MC6875 
m= SEMICONDUCTOR Sox 
SUNG heir 2 MC6875A 


M6800 TWO-PHASE 
CLOCK GENERATOR/DRIVER 


M6800 CLOCK GENERATOR 
SCHOTTKY MONOLITHIC 


Intended to supply the non-overlapping ¢1 and $2 clock signals INTEGRATED CIRCUIT 


required by the microprocessor, this clock generator is compatible 
with 1.0, 1.5, and 2.0 MHz versions of the MC6800. Both the 
oscillator and high capacitance driver elements are included along 
with numerous other logic accessory functions for easy system 
expansion. 

Schottky technology is employed for high speed and PNP-buffered 
inputs are employed for NMOS compatibility. A single +5 V power 
supply, and a crystal or RC network for frequency determination 
are required. 


Typical MPU System with Bus Extenders 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


(C_] 4x fp MPU 
pe ie 


MC8TS5/MC6885 MC8T26A/MC6880A PIN CONNECTIONS 


thru 
MC8T98/MC6888 
BUS EXTENDER MC8T28/MC6889 


ADDRESS 
AND 
CONTROL 
BUS 


Ext in i—) Reset Output 


4x fo 


2x fo 
Memory 
Ready 
Bus $2 


Ground 


[> Power-On Reset 
r— OMA/Ref Grant 
-—) OMA/Ref Req 


+—} Memory Clock 


oan OQ PB WON a 


ORDERING INFORMATION 


[| Device [Temperature Range 
MC6875L 0 to + 70°C Ceramic 
MC6875AL | —55 to +125°C DIP 
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MAXIMUM RATINGS (uniess otherwise noted Ta = 25°C.) 


Power Supply Voltage 
Input Voltage 


Operating Ambient Temperature Range 


MC6875L Oto +70 
MC6875AL -55 to +125 NOTE: 
Operation of the MC6875AL over the full military 
Storage Temperature Range temperature range (to maximum Ta) will result in 


excessive operating junction temperature. 


The use of a clip on 16 pin heat sink similar to AAVID 
Engineering, Inc., Model 5007 (RecA = 18°C) is 
recommended above Ta ~ 95°C. 


Operating Junction Temperature Ty 


RECOMMENDED OPERATING CONDITIONS Conic AAVIO Enaineating, Inc 
30 Cook Court 
Power Supply Voltage | vec +475 to +5.25 Vde Laconia, New Hampshire 03246 
Tel. (603) 524-4443 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted specifications apply over recommended power supply and temperature ranges. 
Typical values measured at Vcc = 5.0 V and Ta = 25°C.) 


Symbet [Win [tye _[ Max | unm 


Output Voltage — High Logic State 
MPU $1 and 2 Outputs 
(Vcc = 4.75 V, !oHM = -200 HA) 
(Vcc = 5.25 V. IOHMK = +8.0 mA) 
Bus ¢2 Output 
(Vcc = 4.75 V, loHB = -10 mA) 
(Vcc = 5.25 V, IoHBK = 75.0 mA} 
4x fo Output 
(Vcc = 4.75 V. Ving = 2.0 V. IQH4x = -500 uA) 
2 x fo, OMA/Refresh Grant and Memory Clock Outputs 
(Vcc = 4.75 V, Ion = -500 nA) 
Reset Output 
(Vcc = 4.75 V, Vin = 3.3 V, loyR = -100 HA) 
Output Voltage — Low Logic State 
MPU $1 and @2 Outputs 
(Vcc = 4.75 V. loLm = +200 uA) 
(Vcc = 4.75 V, loLMK = -5.0 mA) 
Bus ¢2 Output 
(Vcc = 4.75 V. loiB = +48 mA) 
(Voc = 4.75 V, foLBK = -8.0 mA) 
4 x fo Output 
(Vcc = 4.75 V, Vit = 0.8 V. IoL4ax = 16 mA) 
2 x fo, DMA/Refresh Grant and Memory Clock Outputs 
(Vcc = 4.75 V, loL = 16 mA) 
Reset Output 


VOLR hate dl 
(Voc = 4.75 V, Vi_ = 0.8 V, IOLR = 3.2 mA) 
Input Voltage — High Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
Input Voltage — Low Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
Input Thresholds — Power-On Reset Input (See Figure 2) 
Output Low to High VILH 28 
Output High to Low <a 1.4 
tnput Clamp Voltage MC6875L 
(Vcc = 4.75 V, lic = -5.0 mA) MC6875AL 


Input Current — High Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
(Vcc = 4.75 V, Vip = 5.0 V) 
Power-On Reset 
Veco =5.0V,VipA=50V) 
Input Current — Low Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
(Voc = 5.25 V, Vi_ = 0.5 V) 
Power-On Reset Input! 
(Vcc = 5.25 V, Vi_ = 0.5 V) 


uA 
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OPERATING DYNAMIC POWER SUPPLY CURRENT 
Characteristic 


[| Min | tye | 
Power Supply Currents 
(Voc = 5.25 V, foge = 8.0 MHz, Vi_ =O V, Vyy = 3.0 V) Ser 
Normal Operation ICCN 
(Memory Ready and DMA/Refresh Request Inputs at 
High Logic State) 


Memory Ready Stretch Operation IccmR 
(Memory Ready Input at Low Logic State; 
DMA/Refresh Request Input at High Logic State) 

DMA/Refresh Request Stretch Operation ICCDR 
(Memory Ready Input at High Logic State; 
DMA/Refresh Request input at Low Logic State) 


SWITCHING CHARACTERISTICS 
(These specifications apply whether the Internal Oscillator (see Figure 9) or an External Oscillator is used (see Figure 10). 
Typical values measured at Vcc = 5.0 V, Ta = 25°C, fo = 1.0 MHz (see Figure 8). 


Characteristic [Symbor [Min [Typ [Max [Unie] 

MPU ¢1 AND ¢2 CHARACTERISTICS 
Output Period (Figure 3) 
Pulse Width (Figure 3) 

(fo = 1.0 MHz) 

(fo = 1.5 MHz) 

(fo = 2.0 MHz) 
Total Up Time (Figure 3) 

(fo = 1.0 MHz) 

(fo = 1.5 MHz) 

poe 2.0 MHz) 


Delay Times Referenced to 2 x fo (Figure 4 MPU $2 only} 
Output Low to High Logic State tPLHM2Xx 
Output High to Low Logic State tPHLM2x 
Transition Times (Figure 3) 
Output Low to High Logic State 
Output High to Low Logic State 


BUS 62 CHARACTERISTICS 


Pulse Width — Low Lagic State (Figure 4) 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 


Pulse Width — High Logic State 
(fo = 1.0 MHz} 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 


Delay Times — (Referenced to MPU $1) (Figure 4) 
Output Low to High Logic State tPLHBM1 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
(fo = 2.0 MHz) 
Output High to Low Logic State tPHLBM1 
(CL = 300 pF) 
(CL = 100 pF) 
Delay Times (Referenced to MPU $2) (Figure 4) 
Output Low to High Logic State tPLHBM2 
Output High to Low Logic State tPHLBM2 


Transition Times (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 
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SWITCHING CHARACTERISTICS (continued) 


MEMORY CLOCK CHARACTERISTICS 
Delay Times (Referenced to MPU #2) (Figure 4) Par 
tPLHCM +25 


Output Low to High Logic State 
tPLH2X 
tPHL2X 


Output High to Low Logic State 
Delay Times (Referenced to 2 x fo} (Figure 4) 
tPHL2XM1 
365 
220 
tTLH2X 
tTHL2X 


Output Low to High Logic State 

Output High to Low Logic State 
tPLH4Xx 50 
tPHL4x 30 
tTLH4x 25 
tTHL4X 


tPLHC2X 
tPHLC2X 


Transition Times (Figure 4) 
Output Low to High State 
Output High to Low State 


2x fo CHARACTERISTICS 
Delay Times (Referenced to 4 x fo) (Figure 4) 
Qutput Low to High Logic State 
Output High to Low Logic State 


Delay Time (Referenced to MPU $1) (Figure 4) 
Output High to Low Logic State 
(fo = 1.0 MHz) 
(fo = 1.5 MHz) 
Transition Times (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 


4x fo CHARACTERISTICS 
Delay Times (Referenced to Ext. in) (Figure 4) 


Output Low to High Logic State 
Output High to Low Logic State 


Transition Time (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 


MEMORY READY CHARACTERISTICS 


Set-Up Times (Figure 5) 
Low tnput Logic State 
High Input Logic State 


Set-Up Times (Figure 6) 
Low Input Logic State 
High Input Logic State 


DMA/REFRESH GRANT CHARACTERISTICS 
Delay Time Referenced to Memory Clock (Figure 6) 
Output Low to High Logic State 
Output High to Low Logic State 
Transition Times (Figure 6) 
Output Low to High Logic State 
Output High to Low Logic State 


RESET CHARACTERISTICS 


Delay Time Referenced to Power-On Reset (Figure 7) 
Output Low to High Logic State 
Output High to Low Logic State 


Transition Times (Figure 7) 
Output Low to High Logic State 
Output High to Low Logic State 


DESCRIPTION OF PIN FUNCTIONS 


e4x fo — A free running oscillator at four times the MPU clock rate @ BUS 42 — An output nominaily in phase with MPU #2 having 
useful for a system sync signal. MC8T26A type drive capability. 
@2xfo — A free running oscillator at two times the MPU clock rate. @ MEMORY CLOCK — An output nominally in phase with MPU #2 which free runs 
@ OMA/REF REQ — An asynchronous input used to freeze the MPU clocks in during a refresh request cycle. 
the 1 high, 42 low state for dynamic memory refresh or @ POWER-ON RESET— A Schmitt trigger input which controls Reset. A capacitor 
cycle steal DMA (Direct Memory Access). to ground is required to set the desired time constant. Inter- 
@ REF GRANT — A synchronous output used to synchronize the refresh or nal 50 k resistor to Vcc. See General Design Suggestions 
DMA operation to the MPU. for Manual Reset Operation. 
@ MEMORY READY — An asynchronous input used to freeze the MPU clocks in @ RESET — An output to the MPU and 1/0 devices. 
the 61 low, #2 high state for slow memory interface. @ X1, X2 — Provision to attach a series resonant crystal or RC network. 
@ MPU 41 — Capable of driving the #1 and 2 inputs on two MC6800s. @EXTIN — Allows driving by an external TTL signa! to synchronous 
MPU 2 the MPU to an external system. 
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FIGURE 1 — BLOCK DIAGRAM 


Memory Ready O 


ors (10) 
DMA/Refresh O (11) 
Request O DMA/Refresh 
Grant 
Vee 


50k Reset (14) 


Output O Pin 16 — +5.0 Volts 


Pin8 — Gnd 


O 
(12) 


Power-On Reset 


FIGURE 2 — TYPICAL HYSTERESIS CHARACTERISTIC FIGURE 3 — TIMING DIAGRAM FOR 
OF RESET FUNCTION MPU #1 AND $2 


ec ema to 
TUPM 
THLM1 


MPU $1 


Vo, GUTPUT VOLTAGE (VGLTS} 


trLHM2 


Vov = 1.0 V = Clock Overlap 
Vj, INPUT VOLTAGE (VOLTS), POWER-ON RESET PIN measurement point 
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FIGURE 4 — TIMING DIAGRAM FOR NON-STRETCHED OPERATION 
(Memary Ready and OMA/Refresh Request held high continuously) 
Ext. In Input Voltage: 0 V to 3.0 V, f = 8.0 MHz, Duty Cycle = 50%, trLHEx = tTHLEX = 5.0 ns 


2.0V 


Ext. In | 


0.8V 08 Vv 


| 'THLEX ol 
tPLH4ax— = tTPHL4X a tTHL4X 


tTTLHAX 


2.0V 
4x fo 
tPLH2X pe-— TPHL2X tTTHL2X 
2x fo 
tPHL2XM1 
tPLHBM1—™ 
i 
MPU $1 
=a ——tPHLBM1 
tPLHM22X ——) [ae — —| —=— tpHLM22x 
MPU $2 
TPHLBM2 
tPWLB 
Bus $2 
TPLHC2X b<_—— ——2—| 
tTHLC 
tTPLHCM ——™ 


Memory Clock 


OMA/Refresh Grant (Low) 
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FIGURE 5 ~ TIMING DIAGRAM FOR MEMORY READY STRETCH OPERATION 
(Minimum Stretch Shown) 
tnput Voltage: 3.0 to 0 V, trHLMR = tTLHMR = 5-0 ns 


tTHLMR | tTLHMR 
2.0V 2.0V 
Memory Ready 
0.8 V 
COA { 
WY 4 2.0V 
DMA/Refresh Request WV Uj) Irrelevant 
ov V/V] A 
tHMRL 
tsSMRH 
TSMRL 
2x fo 0.8V 0.8V 
MPU 1 


Bus (2 


Memory 
Clock 


DOMA/Refresh Grant 


{Low) 
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FIGURE 6 — TIMING DIAGRAM FOR DMA/REFRESH REQUEST STRETCH OPERATION 
(Minimum Stretch Shown) 
Input Voltage: 3.0 to OV, tTHLDR = tTLHDR = 5-0 ns 


Memory Ready 


Yy, Irrelevant 


j<a— tSDRH 


OMA/Refresh Request 


tTLHOR 


tTHLDR ——™ 


2x fo 


MPU $2 


Bus $2 


Memory 
Clock 


OMA/Refresh Grant 
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FIGURE 7 — POWER ON RESET 
Input Voltage: 0 to 5.0 V, f = 100 kHz — Pulse Width = 1.0 us, tTLH =tTHL = 25 ns 


Power-On Reset 


FIGURE 8 — LOAD CIRCUITS 
For Bus 42 


For MPU @1 and MPU #2 
To Scope To Scope 
Input input 
To Output 
Pin 
All diodes are 1N916 


To Output 
Pin 
or equivalent 


All diodes are 1N916 


or equivalent 


MPU $1C, = 35 pF, Rp = 202 
MPU $2 C, = 70pF, Rp = 15 2 
For Reset Output 


For 4 x fo, 2 x fo, Memory Clock and DMA/Refresh Grant 


To Scope 0 +5.0 Volts 
Input 


Ali diodes are 1N916 
or equivalent 


All diodes are 1N916 


or equivalent 


* Load capacitance includes fixture and probe capacitance 
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Afg, FREQUENCY CHANGE (%) 


Afo, FREQUENCY CHANGE (%) 


C, CAPACITANCE (pF) 


MC6875, MC6875A 


APPLICATIONS INFORMATION 


FIGURE 9 — TYPICAL RC FREQUENCY versus VOLTAGE 


+8.0 
+6.0 
+4.0 
+2.0 fo = 1.0 MHz 
@Vcc = 5.0V 
0 
syne 
45 5.0 5.5 6.0 6.5 7.0 
Vcc, SUPPLY VOLTAGE (VOLTS) 
FIGURE 10 — TYPICAL RC FREQUENCY 
versus TEMPERATURE 
+1.0 
+0.8 
+0.6 
+0.4 
+0.2 
0 
0.2 
-10 0 10 20 30 40 50 60 70 80 90 
Ta, TEMPERATURE (TC) 
FIGURE 11 — TYPICAL FREQUENCY versus 
RESISTANCE FOR C VARIABLE 
NOTE: RC Operation not 
recommended above 
4X fy = 2.0 MHz 


4x fo, FREQUENCY (MHz) 


GENERAL 

The MC6875 Clock Generator/Driver should be located 
on the same board and within two inches of the MC6800 
MPU. Series damping resistors of 10-30 ohms may be 
utilized between the MC6875 and the MC6800 on the $1 
and $2 clocks to suppress overshoot and reflections. 

The Vcc pin (pin 16) of the MC6875 should be 
bypassed to the ground pin (pin 8) at the package with a 
0.1 pF capacitor, Because of the high peak currents 
associated with driving highly capacitive loads, an ade- 
quately large ground strip to pin 8 should be used on the 
MC6875. Grounds should be carefully routed to minimize 
coupling of noise to the sensitive oscillator inputs. Unnec- 
essary grounds or ground planes should be avoided near 
pin 2 or the frequency determining components. These 
components should be located as near as possible to the 
respective pins of the MC6875. Stray capacitance near 
pin 2 or the crystal, can affect the frequency. The can of 
the crystal should not be grounded. The ground side 
of the crystal or the C of the R-C oscillator should be con- 
nected as directly as possible to pin 8. 

Unused inputs should be connected to Vcc or ground. 
Memory Ready, DMA/Refresh Request and Power-On 
Reset should be connected to VCC when not used. 
The External Input should be connected to ground 
when not used. 


OSCILLATOR 

A tank circuit tuned to the desired crystal frequency 
connected between terminals X4 and X2 as shown in 
Figure 12, is recommended to prevent the oscillator from 
starting at other than the desired frequency. The 1kS2 
resistor reduces the QO sufficiently to maintain stable 
crystal control. Crystal manufacturers may recommend a 
capacitance (C1) to be used in series with the crystal for 
optimum performance at series resonance. 

See Figures 9 and 10 for typical oscillator temperature 
and Vcc supply dependence for R-C operation. 


FIGURE 12 — OSCILLATOR—CRYSTAL OPERATION 


x4 


L+ Cr 


MC6875 
(2) 
X2 


(3) 
| 


4X fo = Crystal frequency 
1 


‘ 2 afeycr 


4X fo = 


2.5 uH < Ly © 22 4H 
75 pF < Cy < 200 pF 
Rr= KkKQ 


* Required by some 
Crystal manufacturers 
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TABLE 1 — OSCILLATOR COMPONENTS 


CTS KNIGHTS 
400 REIMANN AVE. 
SANDWICH, IL 
60548 
{815) 786-8411 


TANK CIRCUIT 
PARAMETERS 


APPROXIMATE 
CRYSTAL PARAMETERS 


McCOY ELECT. CO. 
WATTS & CHESTNUTS STS. 
MT.HOLLY SPRING, PA 

17065 
(717) 486-3411 


TYCO CRYSTAL PRODUCTS 
3940 W. MONTECITO 
PHOENIX, AZ 

85019 
(602) 272-7945 


150-3260 


150-3270 


Inductors may be obtained from: Coilcraft, Cary, 1 60013 (312) 639-2361 


FIGURE 13 
RC OPERATION 


(t) 
x4 


EXTERNAL INPUT 


X2 


MC6875 


MC6875 


(3) 
- Extin 


External Pulse 
Generator 


To precisely time a crystal to desired frequency, a 
variable trimmer capacitor in the range of 7 to 40 pF 
would typically be used. Note it is not a recommended 
practice to tune the crystal with a parallel load capaci- 
tance. 

The table above shows typical values for CT and LT, 
typical crystal characteristics, and manufacturers’ part 
numbers for 4.0 and 8.0 megahertz operation. 

The MC6875 will function as an R-C oscillator when 
connected as shown in Figure 13. The desired output 
frequency (M¢1) is approximately: 

Formula 320 


4x fo*CRs 27) +23 


(See Figure 11) 

It would be desirable to select a capacitor greater than 
15 pF to minimize the effects of stray capacitance. It is 
also desirable to keep the resistor in the 1 to 5 k Q 
range. There is a nominal 270 {2 resistor internally at 
X41 which is in series with the external R. By keeping 
the external R as large as possible, the effects due to 
process variations of the internal resistor on the frequency 
will be reduced. There will, however, still be some 
variation in frequency in a production lot both from 
the resistance variations, external and internal, and 
process variations of the input switching thresholds. 
Therefore, in a production system, it is recommended 
a potentiometer be placed in series with a fixed R 
between X 4 and X92. 
POWER-ON RESET 

As the power to the MC6875 comes up, the Reset 
Output will be in a high impedance state and will not give 


C in picofarads 
R in K ohms 
4 x fo in Megahertz 


a solid Vo, output level until Vcc has reached 3.5 to 
4.0 V. During this time transients may appear on the 
clock outputs as the oscillator begins to start. This 
happens at approximately Vcc = 3 V. At some Vcc level 
above that, where Reset Output goes low, all the clock 
outputs will begin functioning normally. This phenom- 
enon of the start-up sequence should not cause any 
problems except possibly in systems with battery back-up 
memory. The transients on the clock lines during the 


time the Reset Output is high impedance could initiate 
the system in some unknown mode and possibly write 


into the backup memory system. Therefore in battery 
backup systems, more elaborate reset circuitry will 
be required. 

Please note that the Power-On Reset input pin of the 
MC6875 is not suitable for use with a manual MPU reset 
switch if the DMA/Ref Req or Memory Ready inputs are 
going to be used. The power on reset circuitry is used to 
initialize the internal control logic and whenever the 
input is switched low, the MC6875 is irresponsive to 
the DMA/Ref Req or Memory Ready inputs. This may 
result in the loss of dynamic memory and/or possibly 
a byte of slow static memory. The circuit of Figure 14 
is recommended for applications which do not utilize the 
DMA/Ref Req or Memory Ready inputs. The circuit of 
Figure 15 is recommended for those applications that do. 


FIGURE 14 — MANUAL RESET FOR APPLICATIONS NOT USING 
DMA/REFRESH REQUEST OR MEMORY READY INPUTS 


MC6875 


Manual Reset Switch 


FIGURE 15 — MANUAL RESET FOR SYSTEMS USING 
DYNAMIC RAM OR SLOW STATIC RAM IN CONJUNCTION 
WITH MEMORY READY OR DMA/REFRESH REQUEST INPUTS 


wo 
ns 
a 
© 
1S) 
= 


Manual Reset 
Switch 
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MC34050 
fs 
= MC3405: 


DUAL EIA-422/423 


TRANSCEIVER 
DUAL EIA-422/423 TRANSCEIVER 
SILICON MONOLITHIC 
The MC34050/51 are dual transceivers which comply with EIA INTEGRATED CIRCUIT 


Standards ElA-422 (Balanced line) and EIA-423 (Unbalanced line). 
Each device contains two drivers and two receivers. 

The MC34050 has a DRIVER ENABLE (for both drivers) and a 
RECEIVER ENABLE (for both receivers). Connecting the two ENA- 
BLES together provides Driver-to-Receiver switching from a sin- L SUFFIX 
gle line. CERAMIC PACKAGE 

The MC34051 has a DRIVER ENABLE for each driver. The two CASE 620 
receivers are permanently enabled. 

The Driver inputs, Receiver outputs, and Enable inputs are 74LS 
TTL compatible. 


@ Two Independent Drivers and Receivers Per Package D SUFFIX 
3-State Output PLASTIC PACKAGE 5 GB 
Single 5 Volt Supply (SO-16) 1 


Internal Hysteresis (50 mV Typical) on Receivers ei 


Receivers Provide Fail-Safe Function. Output Stays High if 
Inputs are Open, Shorted (floating), or Terminated (floating) P SUFFIX 
© Receivers May Be Used in EIA-422 or 423 Systems sil Peer heer 
16 
, 


e@ Drivers Meet Full EIA-422 Standards OES 
@ Drivers’ Outputs are Short Circuit Current Limited 


PIN CONNECTIONS 


RECEIVER BLOCK DIAGRAM 


Biedinpits REC ENABLE (MC34050 Only) 


Level 
O—O Output 
Lane 


DRIVER BLOCK DIAGRAM 


inverting 
Outputs 
Noninverting 


Driver Enable 


Driver Receiver 
Data EN Inv. Out Noninv. Out Input EN Output 
L H H L >+0.2 V Diff. L H MC34051 
H H L H <-—0.2 V Diff. L L 
x L Zz Z x H Z 
— EE 
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MAXIMUM RATINGS 


Parameter 


Power Supply Voltage (Vcc) 


Input Common Mode Voltage (Receivers) 


Input Differential Voltage (Receivers) 


Output Sink Current (Receivers) 


| Enable Input Voltage (Drivers and Receivers) 


Input Voltage (Drivers) 


Applied Output Voltage (3-State mode) — Receivers —1.0 to +7.0 Vde 


Applied Output Voltage (3-State mode) — Drivers —1.0 to +7.0 Vdc 
Junction Temperature —65 to +150 


Storage Temperature —65 to + 150 


Devices should not be operated at these values. 
The ‘‘Recommended Operating Limits’’ provide for actual device operation. 


RECOMMENDED OPERATING LIMITS 


Parameter Typ Max Units 

Power Supply Voltage +5.0 +5.25 Vde 
Input Common Mode Voltage (Receivers) + 70 | Vde 
Input Differential Voltage (Receivers) +6.0 Vdc 
Enable Input Voltage (Drivers and Receivers) +5.25 Vde 

| Input Voltage (Drivers) +5.25 Vde 
Ambient Temperature Range +70 °C 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply for 4.75 < Vcc < 5.25 volts, 
and 0° < Ta < 70°C). 


r 


Parameter Symbol Min Typ Max Units 


DRIVERS 
[ input Voltage — Low 


Input Voltage — High 
Input Current @ Vi_ = 0.4 V 


Input Current @ Vi = 2.7 V 
VI = 5.25 V 


Input Clamp Voltage (lq = ~ 18 mA) 


Output Voltage — Low (IoL = 20 mA) 
Output Voltage — High (IQH = — 20 mA) 


| Output Offset Voltage Difference (Note 1) 


| Output Differential Voltage (Note 1) 


Output Differential Voltage Difference (Note 1) 


Short Circuit Current (Vec = 5.25 V) 
(From High Output, Note 2) 


Output Leakage Current — Hi-Z State 
(Vout = 0.5 V, DREN = 0.8 V) 
(Vout = 2.7 V, DREN = 0.8 V) 

Output Leakage — Power Off 

(Vout = — 0.25 V, Vcc = 0V) 

(Vout = 6.0 V, Vcc = 0 V) — +100 2] 


Notes: 1) See EIA Standard EIA-422 and Figure 1 for exact test conditions. 
2) Only one output in a package should be shorted at a time, for no longer than 1 second. 


It 
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply for 4.75 < Vcc < 5.25 volts, 
and 0° < Ta < 70°C). 


| Parameter Symbol Min Typ Max Units 


RECEIVERS 
Differential Input Threshold Voltage (Note 3) VTHR 
(-7.0 V < Vicm < +7.0, Vout 2 2.7 V) 

(~7.0 V < Vicm < +7.0, Vout < 0.45 V) 
Input Bias Current 
= Vcc = 5.25 V, Vin = +15 V) 
= Vcc < 5.25 V, Vin = —15 V) 
Input Balance and Output Level 
(-7.0 < Vicm = +7.0 V) 


(Vip = +0.4V, lo = —400 pA) VOHR 2.7 _ _ 
(Vip = —0.4V, lg = 8.0 mA) VOLR _ _ 0.45 

Output Leakage Current — 3-State (Pin 4 = 2.0 V, MC34050 only) 1OZR pA 
(Vip = +3.0 V, Vo = 0.4 V) 


| (Vip = -3.0V, Vo = 2.4 V) 


Output Short Circuit Current (Note 2, Vcc = 5.25 V) 
| (Vip = +3.0 V, MC34050 Pin 4 = 0.4 V, Vo = 0 V) 


ENABLES 


Input Voltage — Low 


hel 


Input Voltage — High 


[ Input Current @ Vi_ = 0.4 V (Receiver EN) 
(Driver EN) 


Input Current @ Vip = 2.7 V 
ViIH = 5.25V 


input Clamp Voltage (lj = — 18 mA) 
POWER SUPPLY 
Power Supply Current @ Vcc = 5.25 V 


Notes: 1) See EIA Standard E1A-422 and Figure 1 for exact test conditions. 
2) Only one output in a package should be shorted at a time, for no longer than 1 second. 
3) Differential input threshold voltage and guaranteed output levels are done simultaneously for worst case. 
4) All currents into a device pin are positive, those out of a pin are negative. Voltages are referenced to ground. Algebraic convention rather 
than magnitude is used to define limits. 


DRIVER SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C, See Figure 2) 
T 


= Parameter Symbol Min Lh Typ | Max Units | 
Propagation Delay fr. =r | | ns 
Data Input to Output High-to-Low tPHLD _— _ 20 
Data Input to Output Low-to-High tPLHD _— _ 20 
Output Skew (|tpy, — tp_pH| each-driver) tSKD — — 8 
Enable Input to Output 
CL = 10 pF, Rp = 75 2 to Gnd tPHZD _ _ 30 
CL = 10 pF, RL = 1802 to Vcc tPLZ2D _ _— 35 
Cy = 30 pF, RL = 750 to Gnd tPZHD _ _ 40 
Cy. = 30 pF, RL = 1802 to Vcc + tPZLD — _ = 45 | 
[ Maximum Data Input Transition Time (10-90%) tTRD —= | 50 [> sta ns__| 


RECEIVER SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C, Figure 3) 
Parameter 


Propagation Delay 
Differential Input to Output — High-to-Low 
Differential Input to Output — Low-to-High 
Enable Input — Output Low to 3-State* 
Enable Input — Output High to 3-State* 
Enable Input — Output 3-State to High* 
Enable Input — Output 3-State to Low* 


*MC34050 Only. 
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FIGURE 1 — DRIVER OUTPUT TEST CIRCUIT 


50 2, 1% 


VosD - [Vos Vos | 
Vin = 3.0V 


Vin’ = OV 7 


VoDD = liv = vr 
! 


Circuit per EIA-422-A, Dec. 1978 


FIGURE 2 — DRIVER SWITCHING TEST CIRCUITS 


+5.0V 
© 


75 Q Output —| tPHLD |j<*— tPLHD -— 


To : 
Scope 18092 +5.0V Y Von 
| 


— >| tPZLD 


CL ii 750 | mite PLZD [+= 
+3.0 V or GND ah A alt tees Cults 0.5V 


SG: 1.0 MHz, 50% duty cycle, tr, te = 6.0 ns (10-90%) 
RL = 75 2 to GND for tpzHp and tpyzp, 180 2 to Vcc for tpzLp and tpLzp; 
CL = 10 pF for tpyzp and tp_zp, 30 pF for tpzHp and tpzLp. 


FIGURE 3 — RECEIVER SWITCHING TEST CIRCUITS 


+3.0 V__ 
Input +1.5V +1.5V 
0 


tPLHR |j<— —+| tPHLR 


—_ 


1.3V ee 
Output +1.3V +1. 
"i Vot 
+3.0 V — 
Input +1.5V +1.5V 
o— O5V 
aes eet Vou 


Output 


tPLZR ES 


1N916’s +1.5V 
or VoL — 0.5V 


equivalent j 


MC34050 Only 


SG: 1.0 MHz, 50% duty cycle, tr, te = 6.0 ns (10-90%) 
Va = +1.5 V for tpyz, tpzH; Va = — 1.5 V for tpLz. tpzt. 
$1, S2 closed for tpHz. tpLz: S1 open, S2 closed for tpzy; S1 closed, S2 open for tpz_. 
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FIGURE 5 — DRIVER DIFFERENTIAL OUTPUT CHARACTERISTICS 


FIGURE 4 — DRIVER INPUT CHARACTERISTICS 
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Typical ( 25°C 
4.75V < Vcc <5.25V 


INPUT VOLTAGE (VOLTS) 


LOAD CURRENT 


FIGURE 7 — DRIVER OUTPUT VOLTAGE 


FIGURE 6 — DRIVER OUTPUT VOLTAGE 
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FIGURE 9 — RECEIVER OUTPUT VOLTAGE 


FIGURE 8 — RECEIVER OUTPUT VOLTAGE 


= 6.0V 


Typical ( 25°C 


Vcc 


4.0 
{OLR (mA) 
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FIGURE 10 — RECEIVER INPUT CHARACTERISTICS FIGURE 11 — ENABLE INPUT CHARACTERISTICS 
0.8 
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INPUT VOLTAGE (VOLTS) INPUT VOLTAGE (VOLTS) 
FIGURE 12 — RECEIVER INPUT CHARACTERISTICS FIGURE 13 — RECEIVER OUTPUT LEAKAGE 
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FIGURE 14 — DRIVER OUTPUT VOLTAGE FIGURE 15 — DRIVER OUTPUT LEAKAGE 
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FIGURE 16 — EIA-422 APPLICATION 


TTL 


MC34050/51 


FIGURE 17 — EIA-422 APPLICATION 


Notes: 1) Rt must equal characteristic impedance of the cable. 
2) Individual receivers may be MC34050, MC34051, MC3486, or AM26LS32. 
3) System ground may be made through cable shield as shown, or through chassis ground. Common mode differences and signal quality 
must be considered when choosing a ground path. 
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MC75107 


MC75108 


DUAL LINE RECEIVERS 


The MC75107 and MC75108 are MTTL compatible dual line 
receivers featuring independent channels with common voltage supply | Ss 
and ground terminals. The MC75107 circuit features an active pull-up ; DUAL LINE RECEIVER 
(totem-pole) output. The MC75108 circuit features an open-collector 


output configuration that permits the Wired-OR Jogic connection with SILICON MONOLITHIC 
similar outputs (such as the MC5401/MC7401 MTTL gate or additional INTEGRATED CIRCUITS 
MC75108 receivers). Thus a level of logic is implemented without 

extra delay. 


The MC75107 and MC75108 circuits are designed to detect input 
signals of greater than 25 millivolts amplitude and convert the polarity 
of the signal into appropriate MTTL compatible output logic levels. 
¢ High Common-Mode Rejection Ratio 
e High Input Impedance 
e High Input Sensitivity 
© Differential Input Common-Mode Voltage Range of +3.0 V 
¢ Differential Input Common-Mode Voltage of More Than +15 V 

Using External Attenuator 
© Strobe Inputs for Receiver Selection 


ee L SUFFIX P SUFFIX 
@ Ose PUG OR EOgIe Vales ity CERAMIC PACKAGE _ PLASTIC PACKAGE 
@ MTTL or MDTL Drive Capability CASE 632 CASE 646 
e High DC Noise Margins 


e MC55107 Available as JM38510/10401 


CIRCUIT SCHEMATIC PIN CONNECTIONS 


. 


INPUTS OUTPUT STROBE 


2yY 2G 


[ele] bal fo] fre] | 


1A 
INPUTS 


1B 


OUTPUT STROBE STROBE GND 
Vy 1G s 


STROBE 
Ss 
6 


TRUTH TABLE 


By Oa BE Differential Strobes 
11 8 Inputs G S Output 
28 Oo A-B | Y 
INPUTS | Vip = 25mV |LorH|LorH H 
2A 0 al Es 
12 LorH L H 
+ 4 
i —25 mV < Vip at LorH H 
< 25 mV — 
H H indeterminate 
{———_____|. | 
LorH L H 
Ls 
VIDS een L LorH H 
rar 
Components shown with dashed lines are applicable to the MC75107 only. H [ H L 
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MAXIMUM RATINGS (Ta = 0°C to +70°C unless otherwise noted) 
Rating Symbol 


Unit 
Vdc 


-— 
Power Supply Voltages Vcc 


= 


Differential-Mode Input Signal Voltage Range Vde 


| Yio 


Common-Mode Input Voitage Range VICR Vdc 

Strobe Input Voltage Vis) Vde 

Power Dissipation (Package Limitation) Pp 

Plastic and Ceramic Dual-In-Line Packages 625 mW 
Derate above Ta = +25°C 3.85 mW.°C 


Operating Ambient Temperature Range Oto +70 


Storage Temperature Range 
RECOMMENDED OPERATING CONDITIONS 


Characteristic 
Power Supply Voltages ; 
VEE — 4,75 - 5.0 
| Output Sink Current | 'os mA 
Differential-Mode Input Voltage Range | Vipr —5.0 _— Vde 
Common-Mode Input Voltage Range | VICR L — 3.0 | —_ Vde 
Input Voltage Range, any differential VIR —5.0 _ Vde 
input to ground 
Operating Temperature Range Ta 0 — cc 
DEFINITIONS OF INPUT LOGIC LEVELS 
Characteristic Symbol Test Fig. Min | Max Unit 
High-Level Input Voltage (between differential inputs) VIDH 1 0.025 5.0 Vdc 
Low-Level Input Voltage (between differential inputs) VIDL 1 —5.0t — 0.025 Vde 
High-Level Input Voltage (at strobe inputs) VIH(S} 3 2.0 5.5 Vde | 
Low-Level Input Voltage (at strobe inputs} ViL{s) 3 0 0.8 Vde 


tThe algebraic convention, where the most positive limit is designated maximum, is used with Low-Level Input Voltage Level (Vip_) 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to + 70°C unless otherwise noted) 


Characteristic Symbol Test Fig. 7] Min | Typ # Max [ Unit 
High-Level Input Current to 1A or 2A Input lH 2 _— 30 75 pA 
(Vcc = Max, Vege = Max, Vip = 0.5V, Vic = -3.0V 
to + 3.0 V) (1) 
Low-Level Input Current to 1A or 2A Input UL 2 = = -10 uA 
(Vcc = Max, VEE = Max, Vip = -2.0V, Vic = -3.0V 
to +3.0 V) (1 
) (1) a! mi | | 
High-Level Input Current to 1G or 2G Input WH 4 
(Vcc = Max, Veg = Max, Vipis) = 2.4 V) (1) — —_ 40 pA 
(Vcc = Max, Veg = Max, Vin(s) = Vcc Max) (1) Se, Af toe 1.0 | mA 
Low-Level Input Current to 1G or 2G Input lie 4 _— — —1.6 mA 
(Voc = Max, Veg = Max, Vi_(s) = 0.4 V) (1) L 44. 
= + 1B 
High-Level Input Current to S Input 4 
(Vcc = Max, Veg = Max, Vin(s) = 2.4 V) (1) _ _— 80 pA 
(Vcc = Max, Veg = Max, Vin(s) = Voc Max) (1) { —~ | ~— { 20 { mA | 
Low-Level Input Current to S Input 4 _ — —3.2 mA 
(Vcc = Max, Veg = Max, ViL(s) = 0.4 V) (1) tk: | aa 
High-Level Outut Voltage 3 _ — —_ Vv 


(Vcc = Min, Veg = Min, ligad = — 400 pA, 
Vic = —3.0 Vto +3.0 V) (1) 
Low-Level Output Voltage 


(Vcc = Min, Veg = Min, Igink = 16 mA, 
Vic = ~3.0 Vto +3.0 V) (1) 


High-Level Leakage Current pA 
(Vcc = Min, Vee = Min, VoH = Voc Max) (1) 

Short-Circuit Output Current (3) mA 
(Veco = Max, Veg = Max) (1) ie 

High Logic Level Supply Current from Vcc mA 
(Vcc = Max, Veg = Max, Vip = 25 mV, Ta = + 25°C) (1) 

High Logic Level Supply Current from Veg ; mA 
(Vcc = Max, Veg = Max, Vip = 25 mV, Ta = + 25°C) (1) i 

NOTES: 
1. For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable device type. 
2. All typical values are at Vcc - +5.0V, Vee -50V,Ta - -25C. 


3. Not more than one output should be shorted at a time. 
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SWITCHING CHARACTERISTICS (Vcc = +5.0 V. Veg = -5.0 V, Ta = +25°C) 


Propagation Delay Time, low-to-high level from 
differential inputs A and B to output 

(Ry = 390 22, Cy = 50 pF) 

(Ry = 390 2, Cy = 15 pF) 


Propagation Delay Time, high-to-low level from 
differential inputs A and B to output 

(Rv = 390 2, CL = 50 pF) 

(RU = 390 822, CL = 15 pF) 


Propagation Delay Time, low-to-high level, from strobe 
input G or S to output 


(Ry = 390 2, CL = 50 pF) 
(Ry = 390 2, Cy = 15 pF) 


Propagation Delay Time, high-to-low level, from strobe 

input G or S to output 

(Ry = 390 2, CL = SO pF) 
(R_ = 390 82, CL = 15 pF) 


ns 


15 
TEST CIRCUITS 
FIGURE 1 — VipH and VipL 


FIGURE 2 — typy and [yy 


OPEN 
Vee ’2651G VEE 


NOTE: When testing one channel, the inputs of 
the other channel! are grounded. 


NOTE: Each pair of differential inputs is tested 
separately. The inputs of the other pair 
are grounded 
FIGURE 3 — ViH(s)- Vitis): Vou. VOL: 29d oH 
Vv See 
1H(S) Test 
Vitis) Table 


TEST TABLE 
Vv See 
uD Test 
| Table 
Vic 


1 


Vic 7 -3.0V t0+3.0V 


2. When testing one channel, the inputs of the other channel 
should be grounded. 
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TEST CIRCUITS (continued) 


FIGURE 4 — IyH(G)- NIL (G). WH{s) and TIL IS) 


NOTES: 1. €ach channel is tested separately. 
2. Not more than one output should be tested at one time. 


FIGURE 6 — Ic¢ and IEE 


Vec+ VEE 


ae és 
2G 


-- 
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TEST CIRCUITS (continued) 


FIGURE 7 — PROPAGATION DELAY TiME TEST CIRCUIT 
AND WAVEFORMS 


OIFFERENTIAL 
INPUT - 


tee a ee OUTPUT 
T MC75107 
1A | 
© 
! | 
PULSE ] O orn 
GENERATOR 
See Note | \ ‘ 50 pF 
| 50 Vref See Note 3 
| 100 mV 
= O 
~! = See Note 4 
2B | 
bese 
= 390 
390 
OUTPUT 
CL MC75108 
15 pF 
STROBE See Note 3 
INPUT 
See Note 2 
PULSE = rans 
GENERATOR 
See Note 1 
200 mv 
INPUT 
A 
ov 
3V 
STROBE j 
INPUT | | 
Gors | I 
| > teHLid) =| +—-—---— ov 
tPLH(D) -y ke I | | 
| | tLHis) el ke tPHLIS) 
i | ce 
! 
Pelee 1.5V sv . 1.5V 
Vou 


NOTES: 1. The pulse generators have the following characteristics: Z = 5092, tp = tp = 10+5ns, tp1 = 500 ns, PRR = 1 MHz 
tpo2 = 1 us, PRR = 500 kHz. 


2. Strobe input pulse is applied to Strobe 1G when Inputs 1A-1B are being tested, to Strobe S when Inputs 1A-1B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 


3. Cy includes probe and jig capacitance. 
4. All diodes are 1N916 or equivalent. 
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MONOLITHIC DUAL LINE DRIVERS 


The MC75S110 dual line driver features independent channels 
with common voltage supply and ground terminals. Each driver 
circuit provides a constant output current that switches to either 
of two output terminals subject to the appropriate logic levels at 
the input-terminals. Output current can be switched “‘off” (inhib- 
ited) by appropriate logic levels at the inhibit inputs. Output cur- 
rent is nominally twelve milliamperes. 

The inhibit feature permits use in party-line or data-bus appli- 
cations. A strobe or inhibitor, common to both drivers, is included 
to increase driver-logic versatility. With output current in the in- 
hibited mode, IQ(off) is specified so that minimum line loading 
occurs when the driver is used in a party-line system with other 
drivers. Output impedance of the driver in inhibited mode is very 
high (the output impedance of a transistor biased to cutoff). 

All driver outputs have a common-mode voltage range of — 3.0 
volts to + 3.0 volts, allowing common-mode voltage on the line 
without affecting driver performance. 


@ insensitive to Supply Variations Over the Entire Operating 
Range 


MTTL Input Compatibility 
Current-Mode Output (12 mA Typical) 
High Output Impedance 


Common-Mode Output Voltage Range 
(—3.0 Vto +3.0 V) 


Inhibitor Available for Driver Selection 


PIN CONNECTIONS 


INHIBIT 


INPUTS 
~— OUTPUTS 


D 2Z 2Y 


OUTPUTS 


Vcc 1Y 1zZ VEE 


DUAL LINE DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


TRUTH TABLE 


LOGIC INPUTS 


Low output represents the ‘ 


High output represents the 


1A 1B 
LOGIC 
INPUTS 


1¢ 2C 
INHIBIT 
INPUT 


2A 


2B GND 
LOGIC 
INPUTS 
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INHIBITOR 
INPUTS 


OUTPUTS 


‘on” state. 
“off” state. 


MC75S110 


MAXIMUM RATINGS (Ta, = 0 to +70°C unless otherwise noted.) 


Power Supply Voltages Vcc 


(See Note 1) 
Logic and Inhibitor Input Voltages 


(See Note 1) 


Common-Mode Output Voltage Range 
(See Note 1) 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual In-Line Packages 
Derate above Ta = +25°C 


Operating Temperature Range 


NOTE 1. These voltage values are with respect to the ground terminal. 


RECOMMENDED OPERATING CONDITIONS (See Notes 1 and 2.) 
Characteristic 


Power Supply Voltages 


Common-Mode Output Voltage Range 
NOTE 2. When using only one channel of the line drivers, the other channel should be inhibited and/or its outputs grounded. 


DEFINITIONS OF INPUT LOGIC LEVELS* 


Symbol_| Test Figure [Min [Max 
High-Level Input Voltage (at any input) 12 | 20 | 5.25 | Volts | 
Low-Level Input Voltage (at any input) 1,2 ee ee eee 


* The algebraic convention, where the most positive limit is designated maximum, is used with Logic Level Input Voltage Levels only. 


THERMAL INFORMATION ages and supply currents at the worst case operating 
: : ; . condition. 
The maximum power consumption an integrated cir- ; ; ; 
cuit can tolerate at a given operating ambient temper- TJ(max) = Maximum Operating Junction Tempera- 
ature, can be found from the equation: ture as listed in the Maximum Ratings 
if = tin Section 
PD(Ta) — —s(max) = A Ta = Maximum Desired Operating Ambient 
Resa (Typ) Temperature 

Where: Pp(Ta) = Power Dissipation allowable at a RaJA (Typ) = Typical Thermal Resistance Junction to 

given operating ambient temperature. This must be Ambient 


greater than the sum of the products of the supply voit- 
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ELECTRICAL CHARACTERISTICS TAS = 0 to +70°C unless otherwise noted.) 


nts | Saat [Ts Rae [i [ie [ne [vat 


High-Level Input Current to 1A, 1B, 2A or 2B 
(Vcc = Max, Veg = Max, Vin, = 2.4 V)* 
(Vcc = Max, Veg = Max, Max, Vit = Vcc Max) 


{Il 


Low- Level. Input Current to 1A, 1B, 2A or 2B 
(Vcc = Max, Veg = Max, Vit; = 0.4 V) 


High-Level Input Current into 1C or 2C 
(Vec = Max, Veg = Max, Vin; = 2.4 V) 
(Vcc = Max, Veg = Max, VIH; = Voc Max) 


Low-Level Input Current into 1C or 2C 
(Vcc = Max, Vee = Max, ViL; = 0.4 V) 


High-Level Input Current into D 
(Vcc = Max, Vee = Max, Vin, = 2.4 V) 
(Vcc = Max, Vee = Max, ViHy = Voc Max) 


Low-Level Input Current into D 
(Vec = Max, Vee = Max, ViL, = 0.4 V) 


Output Current (‘‘on”’ state) 


(Vcc = Max, Veg = Max) 
| (Voc = Min, Veg = Min) 


Output Current (“off” state) 
(Vcc = Max, Veg = Max) 
| (Vcc = Min, Veg = Min) 


Supply Current from Vcc (with driver enabled) 
(ViLL = 0.4 V, Vin) = 2.0 V) 


: Supply Current from Veg (with driver enabled) 


| (Vit; = 0.4, Vin) = 2.0 V) 


Supply Current from Vcc (with driver inhibited) 
(Vir, = 0.4, Vi_) = 0-4 V) 


| Supply Current from Veg (with driver inhibited) 
(Vity = 0.4. ViL; = 0.4 V) 


*All typical values are at Vcc = +5.0V, Veg = —5.0V. 
**For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions. 


SWITCHING CHARACTERISTICS (Vcc = +5.0V, Veg = -5.0V, Ta = +25°C.) 


Characteristic 


Propagation Delay Time from Logic Input A or B to 
Output Y or Z (R,_ = 50 ohms, Cy = 40 pF) 


Propagation Delay Time from Inhibitor Input C or D 
to Output Y or Z (RL = 50 ohms, Cy = 40 pF) 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-175 


MC75S110 


TEST CIRCUITS 


FIGURE 1 — Ii, iy 


TEST TABLE 


TEST AT ADJACENT INPUTS 
ANY INPUT NOT UNDER TEST 


" 45V 


FIGURE 2 — [Q(on) and lojoff) 


Vcc VEE 


Reon 


me 
VIH See O 
Vit e—{ Table 
VIH !O(on) 
See See 
Table Table OUTPUTS 
Vv 
It lOloff) 
VIH See 
VIL Table 
Woosh team tees ed 
GND Arrows indicate actual direction 
= of current flow. 
TEST TABLE 


TEST 
Ground all output pins 1A or 2A 
not under test. 


at output 
1Y or 2Y 


at output 
1Z or 2Z 


at output 
1Y or 2Y 


at output 
1Z or 22 


at output 
1Y, 2Y, 1Z, or 2Z 
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TEST CIRCUITS (continued) 
FIGURE 3 — Icc and ige 


TEST TABLE 


ALL LOGIC | ALL INHIBITOR 
TEST INPUTS INPUTS 
Icclon) Driver enabled 


leg(on) Driver enabled Vit 
Iccloff) Driver inhibited 


legloff) Driver inhibited VIL 


OUTPUT 
Generator x 
#1 CL 
40 pF 
Pulse 
Generator OUTPUT 
2 | Zz 
D |! 1 TO OTHER L 
INHIBITOR 
INPUT A EI RU ANNEL = TF 
GND = “ 
LOGIC 
—_—_—_—_—-—"— 3.0 V 
INPUT 50% 
AorB be 
OV 
p>~ tpt tp2 ———~ 
INHIBIT —_—_—_- OY 3.0 V 
INPUT 
CorbD 
OV 
tPLH(L) —=} tPHLIIN) 
tPHLIL) 
OUTPUT w off 
Y 50% 
on 
ee off 
OUTPUT 50% 
2 on 
tPHL(L) 
tPLHIL) 


NOTES: 1. The pulse generators have the following characteristics: 79 = 50 1, tr = tf = 10 + 5.0 ns tp, = 500 ns, PRR = 1.0 MHz, tp2 = 1.0 ms, 


PRR = 500 kHz. 
2. Cy includes probe and jig capacitance. 
3. For simplicity, only one channel and the inhibitor connections are shown. 
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SEVEN CHANNEL 
LINE RECEIVERS 


SEVEN CHANNEL LINE RECEIVERS 


The MC75125 and MC75127 are seven-channel line receivers 
designed to satisfy the requirements of the input/output interface 
specification for IBM 360/370. 

Special low-power design and Schottky-diode-clamped tran- 
sistors allow fow supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. The MC75125 and L SUFFIX 


MC75127 are characterized for operation from 0 to 70°C. CERAMIC PACKAGE 
CASE 620 


@ Meets IBM 360/370 !/O Specification P SUFFIX 
PLASTIC PACKAGE 
@ Input Resistance ~ 7 kQ to 20 kQ CASE 648 


Output Compatible with DTL or TTL 


Schottky-Clamped Transistors 
Operates from a Single 5 Volt Supply PIN CONNECTIONS 
High- - i 
igh-Speed — Low Propagation Delay veioe 
Ratio Specification — tp_H/tPHL 
Seven Channels in One 16-Pin Package 


Standard Vcc and Ground Positioning on MC75127 


TYPICAL APPLICATIONS 


Logic: Y=A 


MC75127 


14 MC3481 or 


1/4 MC3485 
rc 7 MC75125/7 


Coaxial c 
Cable | 
| 


aa | 
\ 

| 

\ 

i 

| 

| 

| 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Supply Voltage 
Input Voltage 


Power Dissipation (Package Limitation) 
Ceramic Package 
Plastic Package 
Derate Above T, = 25°C 


Junction Temperature 
Ceramic Package 
Plastic Package 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted, these specifications apply over recommended power supply and temperature ratings. Typical values measured at 
Tp = 25°C and Vcc = +5.0 V) 


Characteristic 
High-Level Input Voltage 
High-Level Output Voltage (Vcc = 4.5 V, Vi, = 0.7 V, Igy = -0.4 mA) 
Low-Level Output Voltage (Vcc = 4.5 V, Vip = 1.7 V, loL = 16 mA) 
High-Level Input Current (Vcc = 5.5 V, Vy = 3.11 V) 
Low-Level {Input Current (Vcc = 5.5 V, Vj =0.15 V) 
Short Circuit Output Current* (Vcc = 5.5 V, Vo = 0) 
Input Resistance (Vcc = 4.5 V,0 V, or Open, AV) = 0.15 V to 4.15 V) 


Power Supply Current 
Outputs High-Logic State (Vcc = 5.5 V, Igy = -0.4 mA, all inputs at 0.7 V} 


Propagation Delay Time 
Low-to-High-Level Output 
High-to-Low-Level Output 


*No more than one output should be shorted at a time. 
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FIGURE 1 — PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


R_ = 4002 


(See Note C) 
Pulse 


Generator 
(See Note A) 


Cy = 50 pF 


| (See Note B) 


NOTES: 
A. The pulse generator has the following characteristics: 
Zout © 50 92, PRR =5 MHz. 
B. CL includes probe and jig capacitance. 
C. All diodes are MMD70QG0 or equivalent. 


VOLTAGE WAVEFORMS 


FIGURE 2 — SCHEMATIC (EACH RECEIVER) 


ao 4 To other Channeis cae 
Vec | | 
T + | 
$V | e | 
o—_ 
i Pea 
Input | 
12 kQ | | 
Nom | aR 3 : | 
Gnd | | 
. = | 44 | 
d [z= To Other Channels | 
Output Y Con mon Circuit 


MOTOROLA LINEAR/INTERFACE DEVICES 


7-180 


Vg, OUTPUT VOLTAGE (V) 


MC75125, MC75127 


TYPICAL CHARACTERISTICS 


FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS FIGURE 4 — VOLTAGE TRANSFER CHARACTERISTIC 
versus AMBIENT TEMPERATURE versus SUPPLY VOLTAGE 
5.0 1 | 
}|__ 
4 ——— 
w cers eee 
2 { Ta = 25°C 
a 3.0 + No Load —F 
S | 
‘a 
2 
5 20 
oO 
S 
> 
1.0 
0 


0 1.0 2.0 
V,, INPUT VOLTAGE (V) V,, INPUT VOLTAGE (V) 


FIGURE 6 — LOW-LEVEL OUTPUT VOLTAGE 
FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE versus OUTPUT CURRENT 


ty, INPUT CURRENT (mA 


04.—T—_T T T oy 08 ae T T = a 
Veco =5.0V 
Ta = 259C es + 0.7 = a = + 
No toad Veco =5.0V 

0.3 + 4 06 Vj, =5.0V + —t- + t —— 


Ta = 25°C 
H de t =| 


L 


0.2 


0.1 


Voy, LOW LEVEL QUTPUT VOLTAGE (V) 


G 1.0 2.0 3.0 4.0 5.0 0 5.0 10 16 20 
V,, INPUT VOLTAGE (vy) Ig, OUTPUT CURRENT (mA) 


FIGURE 7 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
40 T 


35 


All Inputs oer eee | 


@40V 


Seven Channels 


All Inputs 
@0.7V =5] 


Ipc, SUPPLY CURRENT (mA) 
~~ 
oOo 


Q 1.0 2.0 3.0 4.0 5.0 6.0 
Vcc, SUPPLY VOLTAGE (V) 
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EIGHT-CHANNEL 
LINE RECEIVERS 


EIGHT-CHANNEL LINE RECEIVERS 


The MC75128 and MC75129 are eight-channel line receivers 
designed to satisfy the requirements of the input/output interface 
specification for IBM 360/370. Both devices feature common 
strobes for each group of four receivers. The MC75128 has an 
active high strobe; the MC75129 has an active low strobe. 

Special low-power design and Schottky-diode-clamped transis- 
tors allow low supply current requirements while maintaining fast 
switching speeds and high-current TTL outputs. Both devices are 
characterized for operation from 0 to 70°C. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 732 


P SUFFIX 


PLASTIC PACKAGE 
Meets IBM 360/370 I/O Specification CASE 738 


Input Resistance — 7 kQ. to 20 kQ- 
Output Compatible with DTL or TTL 
Schottky-Clamped Transistors 
Operates from a Single 5 Volt Supply 
High-Speed — Low Propagation Delay 


PIN CONNECTIONS 
MC75128 


Ratio Specification — tp_y/tPHL 
Common Strobe for Each Group of Four Receivers 


MC75128 Strobe — Active-High 
MC75129 Strobe — Active-Low 


TYPICAL APPLICATION 


1/4 MC3481 or 
1°4 MC3485 
r 


MC75128/9 
Coaxial Pye qT 
Cable | \ 
| 1 

—o++ > =o 


1 
l 
a) 
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MAXIMUM RATINGS (Tq = 25°C unless otherwise noted) 
Uni 
Vv 
Power Dissipation (Package Limitation) a ee 
Pp 1150 m 
Plastic Package 9360 
Derate Above Ta = 25°C 1/Re Ja -7.7 mWw/°C 
Junction Temperature Ty pose | 
+175 
+150 


Ceramic Package W 
Operating Ambient Temperature Range ¢ 
Cc 
Ceramic Package 
Storage Temperature Range -65 to +150 Cc 


Plastic Package 
[Characteristic | Symboi | win [| Tve | Max [Unit] 
[High Level Outour Curent {ton | - | - | -04 | ma 
[Low Level Ourpur Current tou | - | - | 16 | A 
| Operating Ambient Temperature Ronse [Ta [| | 


ELECTRICAL CHARACTERISTICS 


{Unless otherwise noted, these specifications apply over recommended power supply and temperature ratings. Typical values measured at 
Ta = 25°C and Vcc = +5.0 V) 


Characteristic 
High-Level Input Voltage 
A Inputs 

S Inputs 


Low-Level Input Voltage 
A Inputs 
S Inputs 
High-Level Output Voltage (Voc = 4.5 V, VIL = 0.7 V, loy = -0.4 mA) 
Low-Level Output Voltage (Vcc = 4.5 V, Vip, = 1.7 V, io, = 16 mA) 
nput Clamp Voltage (Vcc = 4.5 V, ly = -18 mA, S Inputs) 
(Vec = 5.5 V, Vy = 3.11 V, A Inputs) 
(Voc = 5.5 V, Vj = 2.7 V, S$ Inputs) 
(Vcc = 5.5 V, V| = 0.15 V, A Inputs) 
(Veco = 5.5 V, Vj = 0.4 V,5 Inputs) 
Short Circuit Output Current * (Vcc = 5.5 V, Vo = 0) 
Vcc = 45 V,0 V, or Open, AV] = 0.15 V to 4.15 V) 
Power Supply Current — Outputs High-Logic State, all inputs at 0.7 V 
(Vcc = 5.5 V, Strobe at 2.4 V — MC75128) 
(Voc = 5.5 V, Strobe at 0.4 V — MC75129) 
Power Supply Current — Outputs Low-Logic State, ali inputs at 4.0 V 
(Vcc = 5.5 V, Strobe at 2.4 V — MC75128) 
(Vcc = 5.5 V, Strobe at 0.4 V — MC75129) 


High-Level Input Current 


Low-Level Input Current 


esistance 


Propagation Delay Time — From A Inputs 
Low-to-High-Level Output tepLH(A) 
High-to-Low-Level Output tpHL(A) 


Propagation Delay Time — From § Inputs 
Low-to-High-Level Output 
High-to-Low-Level Output 


Ratio of Propagation Delay Times — A Inputs tpLH(A)/tpyL(A) 


Transition Time, Low-to-High-Level Output tTLH 
Transition Time, High-to-Low-Level Output tTHL 


*No more than one output should be shorted at a time. 
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12k 
Nom 


FROM OUTPUT 
UNDER TEST 


NOTES: 


. Input pulses are supplied by a generator having the 


MC75128, MC75129 


FIGURE 1 — PARAMETER MEASUREMENT INFORMATION 


LOAD CIRCUIT VOLTAGE WAVE 


INPUT 
Vec (See Notes 
A, D, and E) 


OUTPUT 
90% 


400 2 Vref 


T (See NoteC) = | 
50 pF 
(See Note B) 
OUTPUT 


| 
I 
| 
! 
| 


following characteristics: Z, = 50 92,PRR = 5 MHz. 


. Includes probe and jig capacitance. ee THE tTLH saa 
. All diodes are MMD7000 or equivalent. 
. The strobe inputs of MC75129 are in-phase with the 


output. 


. Veet1 = 0.7 V and Vref = 1.7 V for testing data (A) 


Inputs, Vref4 = Vref2 = 1.3 V for strobe inputs. 


FIGURE 2 — SCHEMATIC (EACH RECEIVER) 


FORMS 


| 
1 
| 
—!| 
t 


O Vcc 


Output 


Gnd 


To Three UH OS 
Other To Seven 
Channels Other Channels 
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Vo, QUTPUT VOLTAGE (V) 


\y, INPUT CURRENT (mA) 


MC75128, MC75129 


TYPICAL CHARACTERISTICS 


FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS 
versus AMBIENT TEMPERATURE 


V), INPUT VOLTAGE (V) 


FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE 


[ 
| 


0 1.0 2.0 3.0 4.0 5. 
V,, INPUT VOLTAGE (V) 


Voi, LOW LEVEL OUTPUT VOLTAGE (V) 


Vg, OUTPUT VOLTAGE (V) 


FIGURE 4 — VOLTAGE TRANSFER CHARACTERISTIC 
versus SUPPLY VOLTAGE 


Le 
—) 


= 
o 


V,, INPUT VOLTAGE (V) 


FIGURE 6 — LOW-LEVEL OUTPUT VOLTAGE 
versus OUTPUT CURRENT 


0 5.0 10 15 20 
Ig, OUTPUT CURRENT (mA) 
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TECHNICAL DATA 


Product Preview 


QUAD LINE DRIVERS WITH NAND ENABLED 
THREE-STATE OUTPUTS 


The Motorola SN75172/174 are monolithic quad differential line 
drivers with three-state outputs. They are designed specifically to 


QUAD EIA-485 LINE DRIVERS 
WITH THREE-STATE OUTPUTS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


meet the requirements of EIA-485, EIA-422A Standards and CCITT 
recommendations V.11 and X.27. 

The device is optimized for balanced multipoint bus trans- 
mission at rates up to 4 megabits per second. Each driver fea- 
tures wide positive and negative common-mode output voltage 
ranges making it suitable for party-line applications in noisy 
environments. 

The SN75172/174 provides positive- and negative-current lim- 
iting and thermal shutdown for protection from line fault condi- 
tions on the transmission bus line. Shutdown occurs at a junction 
temperature of approximately 150°C. These devices offer opti- 
mum performance when used with the SN75173 or SN75175 
quadruple differential line receivers. 


@ Meets EIA-485 Standard for Party-Line Operation 


@ Meets EIA Standard EIA-422A and CCITT Recommendations 
V.11 and X.27 


@ Designed for Multipoint Transmission on Long Bus Lines in 
Noisy Environments 


3-State Outputs 

Common Mode Output Voltage Range... —7.0 V to 12 V 
Active High and Active Low Enables 

Thermal Shutdown Protection 

Positive and Negative Current Limiting 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Operates from Single 5.0 Volt Supply 
Low Power Requirements 


Functionally Interchangeable With AM26LS31 (SN75172) 
MC3487 (SN75174) 


PIN CONNECTIONS 


SN75172 SN75174 


Outputs A 


Enable A/B Control 


D 
Outputs B C/D Control 


Outputs B 


Outputs C 
Input B 


This document contains information on a product under development. Motorola reserves the right 
to change or discontinue this product without notice. 
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SN75172 SN75174 


TRUTH TABLE 


TRUTH TABLE 


Control 


Inputs Noninverting Inverting Control Noninverting Inverting 
(E/E) Output Output Input Output Output 
H/L L H H L 
H/L H H L H 
L/H L Z Z 


L = Low Logic State 
H = High Logic State 

X = Irrelevant 

Z = Third-State (High Impedance) 


= Low Logic State 

High Logic State 

Irrelevant 

Third-State (High Impedance) 


L 
H 
X 
Zz 


oi 
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QUAD EIA-485 LINE RECEIVERS QUAD EIA-485 
ae . err LINE RECEIVERS WITH 
The Motorola SN75173/175 are monolithic quad differential line THREE-STATE OUTPUTS 


receivers with three-state outputs. They are designed specifically 
to meet the requirements of EIA-485, EIA-422A/23A Standards and 
CCITT recommendations. 

The devices are optimized for balanced multipoint bus trans- 
mission at rates up to 10 megabits per second. They also feature 
high input impedance, input hysteresis for increased noise immu- 
nity, and input sensitivity of +200 millivolts over acommon mode 
input voltage range of —12 volts to 12 volts. The SN75173/175 
are designed for optimum performance when used with the 
SN75172 or SN75174 quad differential line drivers. 

@ Meets EIA Standards ElA-422A and EIA-423A, EIA-485 

@ Meets CCITT Recommendations V.10, V.11, X.26, and X.27 
@ Designed for Multipoint Transmission on Long Bus Lines in 
Noisy Environments 

3-State Outputs 

Common-Mode Input Voltage Range... —12 Vto 12 V 
Input Sensitivity ... +200 mV 

Input Hysteresis ... 50 mV Typ 

High Input Impedance... 1 ElIA-485 Unit Load 

Operates from Single 5.0 V Supply 

Low Power Requirements 


Plug-In Replacement for MC3486 (SN75175) 
AM26LS$32 (SN75173) 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


J SUFFIX 
CERAMIC PACKAGE 
CASE 620 


D SUFFIX 
PLASTIC PACKAGE, ee 
CASE 751B me 


(SO-16) 1 


N SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 
$N75173 


Inputs 
A 


Inputs 


Output Output 
A A 
3-State Output 3-State 

Control 
Control B A/C 
Output 3-State Output 
Cc Control Cc 


Inputs Inputs 


ORDERING INFORMATION ORDERING INFORMATION 

Device Temperature Package | Device Temperature i Package 
SN75173J Oto +70°C Ceramic DIP SN75175J 0 to +70°C Ceramic DIP 
SN75173N 0 to +70°C Plastic DIP SN75175N 0 to +70°C Plastic DIP 
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MAXIMUM RATINGS 


Rating | Symbol Value Unit | 
Power Supply Voltage Vec 7.0 Vde 
Input Common Mode Voltage | Vicm £25 Vde 
Input Differential Voltage Vip +25 Vde 
Three-State Control Input Voltage Vy 7.0 Vde | 
Output Sink Current lo 50 mA 
Storage Temperature ie Tstg -65 to +150 °C 
Operating Junction Temperature — Ceramic Package Ty +175 °C | 

— Plastic Package +150 

RECOMMENDED OPERATING CONDITIONS 

Rating Symbol Value Unit 
Power Supply Voltage Vec 4.75 to 5.25 Vde 
Operating Ambient Temperature TA Oto +70 "¢ | 
Input Common Mode Voltage Range VicM -12 to +12 Vde 
Input Differential Voltage Range | ViOR -12 to +12 Vde 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, minimum and maximum limits apply over recommended 
temperature and power supply voltage ranges. Typical values are for Ta =25°C, Vcc = 5.0 V and Vicyy = O V) {Note 1) 


Characteristic Typ Max Unit 
Differential Input Threshold Voltage (Note 2) Vv 
(-12V< Vicm S 12 V, Vi = 2.0 V) 
(lo = -0.4 mA, VoH 2 2.7 V) — 0.2 
lo = 16 mA, VoL < 0.5 V _ -0.2 
(lo OL ) 4 | 
Input Hysteresis 50 | — | mV 
Input Line Current (Differential Inputs) mA 
(Unmeasured Input at 0 V — Note 3) 
(Vj) = +12 V) = 1.0 
(Vj = -7.0 V) _ -0.8 
Input Resistance (Note 4) = = 
+ oo 
Input Balance and Output Level (Note 3) Vv 
(-12V< Vicm < 12 V. VIH = 2.0 V) 
(Ig = -0.4 mA, Vip = 0.2 V) _ _ 
(lo = 8.0 mA, Vip = -0.2 V) a 0.45 
(Io = 16 mA, Vip = -0.2 V) — 0.5 
Input Voltage — High Logic State (Three-State Control) _ — Vv 
Input Voltage — Low Logic State (Three-State Control) _ 0.8 Vv 
Input Current — High Logic State (Three-State Control) pA | 
(ViH = 2.7 V) _— 20 
(Vin = 5.5 V) a 100 
Input Current — Low Logic State (Three-State Control) = -100 BA | 
(Vit = 0.4 V) 
Input Clamp Diode Voitage (Three-State Control) i -1.5 Vv 
(ik = -18 mA) 
Output Third State Leakage Current if pA 
(Vii) =3.0V, Vip =0.8V, Vo =04V) — -20 
(ViiD) = -3.0V, ViL = 0.8 V, VQ = 2.4 V) aa 20 | 
Output Short-Circuit Current (Note 5) = -85 mA 


(Vi(D) = 3.0 V, Vip = 2.0 V, Vo = 0 V) 


Power Supply Current 
(Vit = OV) (All Inputs Grounded) 


NOTES: 
1. All currents into device pins are shown as positive, out of device 


pins are negative. All voltages referenced to ground unless other- 


wise noted. 

2. Differential input threshold voltage and guaranteed output levels 
are done simultaneously for worst case. 

3. Refer to EIA-485 for exact conditions. Input balance and guar- 
anteed output fevels are done simultaneously for worst case. 


4. Input resistance should be derived from input fine current speci- 
fications and is shown for reference only. See EIA-485 and input 
line current specifications for more specific input resistance in- 
formation. 

5. Only one output at a time should be shorted. 
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SWITCHING CHARACTERISTICS (Untess otherwise noted, Vcc = 5.0 V and Ta = 25°C) 
[ SN75173 | SN75175 


Characteristic Symbol T Unit 
; | Min Typ [ Max Min Max 
Propagation Delay Time — Differential Inputs to Output } ns 
(Output High to Low) tPHL(D) — 25 35 — 35 
(Output Low to High) tPLH(D) if a 25 35 _ 35 
Propagation Delay Time — Three-State Control to Output 1 | ns 
(Output Low to Third State) tpLz _ 20 40 — 35 
(Output High to Third State) tpHz _ 20 30 — 35 
(Output Third State to High) tPZ7H — 16 22 30 
(Output Third State to Low) tpZ2L _ 16 25 
SN75173 SN75175 
FUNCTION TABLE (EACH RECEIVER) FUNCTION TABLE (EACH RECEIVER) 
3-State Differential Inputs 3-State Output 
Differential Inputs Control Output i Control Y 
4 * Vip 2 0.2V H H 
-0.2 ? 
Vip > 0.2V : : V<Vip<0.2V H 
| | | _Vip<-02V | H el 
H ? 
-O.2V<Vip<O02V | y ; x L Zz | 
H L H = high level ? = indeterminate 
Vip <-0.2V x L L = low level Z = high-impedance (off) 
X = irrelevant 
x L Zz 
4 
SWITCHING TEST CIRCUIT AND WAVEFORMS 
FIGURE 1 — PROPAGATION DELAY, DIFFERENTIAL INPUT TO OUTPUT 
To Scope To Scope 
(Input) (Output) 
Differential 
Cy = 15 pF 
(Includes Probe tPHL(D) 
Pulse and Stray 
Generator ; VOH 
\ Capacitance) 
am Output #13 y 1.3V 
Bo VOL 
cr ON SSeS Se 
| 
= +15 V | iis ie 
Input Pulse Characteristics — 
tTLH = tTHL = 6.0 ns (10% to 90%) 
PRR = 1.0 MHz, 50% Duty Cycle 
+2.0V 


3-State Control 
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SWITCHING TEST CIRCUIT AND WAVEFORMS (continued) 


FIGURE 2 — PROPAGATION DELAY, THREE-STATE CONTROL INPUT TO OUTPUT 


Input Pulse Characteristics — ° 
tTLH = tTHL= 6.0 ns (10% to 90%) To Scope 


PRR = 1.0 MHz, 50% Duty Cycle (Input) 


To Scope 
(Output) 


Pulse 
Generator 


swi 
o———@ +50V 
All Diodes 1N916 

or Equivalent 


2.0k 
+1.5 V for tpyHz and tpZH 


-1.5 V for tpyz and tpz_ 


Differential 


Inputs CL = 15 pF 
(Includes Probe [ 
and Stray 


Capacitance) 


tPLZ tPHZ 
3.0V 
Input 15V¥15V 15V#H1I5V 5 SWI Closed 
OV --- SW1 Closed GApee SW? Closed 
tPLZ SW2 Closed {PHZ 
=1.3V eal ; 
Output ak: aie V/ 
O0.5V 
} =13V 


3.0V tPZH 3.0V 
Input 15Vv#1.5 Vv SW1 Open input 15VE15V a Closed 
OV ---- SW2 Closed ---- SW2 Open 
tPZH Aap 
VOH ~5.0V — Vee 
1.5V ager 
OV ----- 


TYPICAL CHARACTERISTICS 


(Both Device Types, Unless Otherwise Noted) 


FIGURE 3 — OUTPUT VOLTAGE versus 
DIFFERENTIAL INPUT VOLTAGE 


o 


Vg. OUTPUT VOLTAGE (VOLTS) 


aa”. 
(eee oe ae ie 
~140 -120-100-80 -60 -40-20 0 20 40 60 80 100 120 140 
Vip. DIFFERENTIAL INPUT VOLTAGE (mV) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 4 — OUTPUT VOLTAGE versus 
3-STATE CONTROL VOLTAGE 
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FIGURE 6 — HIGH LEVEL OUTPUT VOLTAGE 
versus OUTPUT CURRENT 
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FIGURE 8 — HIGH LEVEL OUTPUT VOLTAGE 
versus TEMPERATURE 
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FIGURE 5 — OUTPUT VOLTAGE versus (INVERTED) 
3-STATE CONTROL VOLTAGE — SN75173 
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FIGURE 7 — LOW LEVEL OUTPUT VOLTAGE 
versus OUTPUT CURRENT 
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FIGURE 9 — LOW LEVEL OUTPUT VOLTAGE 
versus TEMPERATURE 
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MOTOROLA 
= SEMICONDUCTOR xox ULN2068B 
TECHNICAL DATA 


QUAD 1.5 A SINKING HIGH CURRENT SWITCH 


QUAD 1.5 A 
The ULN2068B is a high-voltage, high-current quad Darlington DARLINGTON SWITCH 
switch array designed for high current loads, both resistive and 
reactive, up to 300 watts. SILICON MONOLITHIC 
It is intended for interfacing between low level (TTL, DTL, LS INTEGRATED CIRCUIT 


and 5.0 V CMOS) logic families and peripheral loads such as 
relays, solenoids, dc and stepping motors, multiplexer LED and 
incandescent displays, heaters, or other high voltage, high 
current loads. 

The Motorola ULN2068B is specified with minimum guaranteed 
breakdown of 50 V and is 100% tested for safe area using an 
inductive load. It includes integral transient suppression diodes. 
Use of a predriver stage reduces input current while still allowing 
the device to switch 1.5 Amps. 

It is supplied in an improved 16-Pin plastic DIP package with 
heat sink contact tabs (Pins 4, 5 and 12, 13). A copper alloy lead B SUFFIX 
frame allows maximum power dissipation using standard cooling PLASTIC PACKAGE 
techniques. The use of the contact tab lead frame facilitates attach- CASE 648C 
ment of a DIP heat sink while permitting the use of standard layout 
and mounting practices. 


@ TTL, OTL, LS, CMOS Compatible Inputs 
@ 1.5 Amp Maximum Output Current 

@ Low Input Current 

@ Internal Freewheeling Clamp Diodes PIN CONNECTIONS 
100% Inductive Load Tested 

Heat Tab Copper Alloy Lead Frame for Increased Dissipation 


MAXIMUM RATINGS (Ta = 25°C and ratings apply to any one device in the 
package unless otherwise noted) 


Output Voltage 


Input Voltage (Note 1) 


Collector Current (Note 2) 


input Current (Note 3) 
Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature 


Notes: 
1. Input voltage referenced to ground. 
2. Allowable output conditions shown in Figures 11 and 12. 
3. May be limited by max input voltage. 


7 ¥S PARTIAL SCHEMATIC ORDERING INFORMATION* 


Device Temperature Package 
Range 
ULN2068B O°C to + 70°C Plastic DIP 


*Other options of this ULN2060/2070 series are 
available for volume applications. Contact your 
loca! Motorola Sales Representative. 
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ULN2068B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Leakage Current 


(VcE = 50 V) 
(VcE = 50 V, Ta = 70°C) 
Collector-Emitter Saturation Voltage VCE(sat) V 
(I¢ = 500 mA —_ — es 
(ic =750mA(y. _ 94 2 = = 1 
(Ic = 1.0A mm v = = 1.40 
(ic = 1.25 A = = Le 


Input Current — On Condition 
(Vi = 2.4 V) 
(Vj = 3.75 V) 


(VcE = 2.0V, Ic = 1.5 A) 
Inductive Load Test AVout ae 
(Vg = 5.5V, Vcc = 24.5V, —_ 100 
tpw = 4.0 ms) 
Supply Current mA 
(Ic = 500 mA, Vin = 2.4V, Vg = 5.5 V) 6.0 
Turn-On Delay Time tPHL a ee Ks 
(50% E) to 50% Eo) 1.0 


Turn-Off Delay Time BS 
(50% E| to 50% Eq) 4.0 
Clamp Diode Leakage Current nA 
= 50 V) 50 
= 50 V, Ta = 70°C) 100 


Clamp Diode Forward Voltage 
(Ip = 1.0 A) 
(Ip = 1.5 A) 


TEST FIGURES 


FIGURE 2 


FIGURE 1 Open 


Open VcE 


FIGURE 4 


FIGURE 3 
20 2 


an ea 14 ms 
Vout | | k 
’ Vout 


>| be tpw AVout =lVoutt — Vout2! 
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hy, INPUT CURRENT (A} 


Ic, ALLOWABLE PEAK 


COLLECTOR CURRENT (A) 


ULN2068B 


TEST FIGURES (CONTINUED) 


FIGURE 5 FIGURE 6 
Open 


FIGURE 8 
Vs Open 


Ic FIGURE 7 


Vin 
+ Ic 
TYPICAL CHARACTERISTIC CURVES — Ta = 25°C 
FIGURE 9 — INPUT CURRENT FIGURE 10 -~- COLLECTOR CURRENT 
versus INPUT VOLTAGE versus INPUT CURRENT 
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ULN2068B 


FIGURE 13 — Ta = 70°C w/STAVER V-7 FIGURE 14 — Ta = 50°C w/o HEAT SINK 
HEAT SINK (27.5 °C/W) 
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MOTOROLA 
= SEMICONDUCTOR xox ULN2074B 
TECHNICAL DATA 


QUAD 1.5 A SINKING HIGH CURRENT SWITCH 


QUAD 1.5A 
The ULN2074B is a high voltage, high current quad Darlington DARLINGTON SWITCH 
switch array designed for high current loads, both resistive and 
reactive, up to 300 watts. SILICON MONOLITHIC 
It is intended for interfacing between low level (TTL, DTL, LS INTEGRATED CIRCUIT 


and 5.0 V CMOS) logic families and peripheral loads such as 
relays, solenoids, dc and stepping motors, multiplexer LED and 
incandescent displays, heaters, or other high-voltage, high 
current loads. 

The Motorola ULN2074B is specified with minimum guaranteed 
breakdown of 50 V and is 100% tested for safe area using an 
inductive load. 

It is supplied in an improved 16-Pin plastic DIP package with 
heat sink contact tabs (Pins 4, 5 and 12, 13). A copper alloy lead 
frame allows maximum power dissipation using standard cooling 
techniques. The use of the contact tab lead frame facilitates attach- 
ment of a DIP heat sink while permitting the use of standard layout 
and mounting practices. 


@ TTL, DTL, LS, CMOS Compatible Inputs B SUFFIX 


1.5 Amp maximum Output Current PLASTIC PACKAGE 
CASE 648C 


Low Input Current 
100% Inductive Load Tested 
Heat Tab Copper Alloy Lead Frame for Increased Dissipation 


PIN CONNECTIONS 
MAXIMUM RATINGS (Ta = 25°C and ratings apply to any one device in the package 


unless otherwise noted). 


Rating 


Output Voltage 


Input Voltage (Note 1) 


Collector Current (Note 2) 


Input Current (Note 3) 


Operating Ambient Temperature Range 


Storage Temperature Range -55 to +150 


Junction Temperature | 150 | ec 


Notes: 
1. Input voltage referenced to ground (substrate). 
2. Allowable output conditions shown in Figures 8 and 9. 
3. May be limited by max input voltage. 


PARTIAL SCHEMATIC 


ORDERING INFORMATION* 


Temperature 
Device Range Package 
ULN2074B | o°C to + 70°C Plastic DIP 
Substrate *Other options of this ULN2060 2070 series are available 


tor volume applications. Contact your local Motorola 
Sales Representative. 
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ELECTRICAL CHARACTERISTICS (Ty, = 25°C unless otherwise noted) 


Characteristic Fig. Symbol Min Typ Max Unit 
Output Leakage Current ICEX pA 
(VcgE = 50 V) 1 — - 100 
(VcE = 50 V, Ta = 70°C) — a 500 
Collector-Emitter Saturation Voltage VCE(sat) Vv 
(I¢ = 500 mA, ly = 625 uA) oe = 1.13 
(Ic = 750 mA, | = 935 nA) 2 — — 1.25 
(Ic = 1.0 A, y= 1.25 mA) a — 1.40 
(Ic = 1.25 A, = 2.0 mA) _ _ 1.60 
Input Current — On Condition Ion) mA 
(Vj = 2.4 V) 4 2.0 — 4.3 
(Vj = 3.75 V) 45 — 9.6 
Input Voltage — On Condition 5 Viton) Vv 
(VcE = 2.0 V, Ico = 1.0 A) _ = 2.0 
(VcE = 2.0 V, Ic = 1.5 A) = = 2.5 
Inductive Load Test 3 AVout ~ — 100 mV 


(Vcc = 24.5-V, tpw = 4.0 us) 


Turn-On Delay Time = tPHL _ = 1.0 bs 
(50% E; to 50% Eo) 


Turn-Off Delay Time _ tPLH _ 7 1.5 us 
(50% E, to 50% Eg) 


TEST FIGURES 


FIGURE 1 FIGURE 2 


OF 


FIGURE 4 


FIGURE 3 
200 


* [ee 14 ms 
Vouty | h 
Vout 


>| et tpw AVout =!Vout1 ~ Voutz2! 
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\), INPUT CURRENT (mA) 


Ic. ALLOWABLE PEAK 
COLLECTOR CURRENT (A) 


ULN2074B 


FIGURE 5 


TYPICAL CHARACTERISTIC CURVES 


FIGURE 6 — INPUT CURRENT versus INPUT VOLTAGE FIGURE 7 — COLLECTOR CURRENT versus 
INPUT CURRENT 
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FIGURE 10 — Ta = 70°C w/STAVER V-7 FIGURE 11 — Ta = 50°C w/o HEAT SINK 
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ULN2801 
ULN2802 


MOTOROLA 


= SEMICONDUCTOR xy 


TECHNICAL DATA ULN2803 


ULN2804 


OCTAL 
PERIPHERAL 


DRIVER ARRAYS 

OCTAL HIGH VOLTAGE, HIGH CURRENT 
DARLINGTON TRANSISTOR ARRAYS SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

The eight NPN Darlington connected transistors in this family of 
arrays are ideally suited for interfacing between low logic level 
digita! circuitry (such as TTL, CMOS or PMOS/NMOS) and the 
higher current/voltage requirements of lamps, relays, printer 
hammers or other similar loads for a broad range of computer, 
industrial, and consumer applications. All devices feature open- 
collector outputs and free wheeling clamp diodes for transient 
suppression. 

The ULN2801 is a general purpose device for use with CMOS, 
PMOS or TTL logic. The ULN2802 contains a zener diode and resistor 
in series with the input to Jimit input currents and assure compati- 
bility with 14 to 25 volt PMOS logic. The ULN2803 is designed to be 
compatible with standard TTL families while the ULN2804 is opti- 
mized for 6 to 15 volt high level CMOS or PMOS. 


A SUFFIX 
PLASTIC PACKAGE 
CASE 707 


MAXIMUM RATINGS (Tag = 25°C and rating apply to any one device in the 
package unless otherwise noted.) 


PIN CONNECTIONS 


Rating Symbol Value Unit 
Output Voltage Vo 50 Vv 
Input Voltage (Except ULN2801) Vv 30 Vv 
Collector Current — Continuous Ic 500 mA 
Base Current — Continuous Ip 25 mA 
Operating Ambient Temperature Range TA 0to +70 °C 
Storage Temperature Range Tstg -55 to +150 °¢ 
Junction Temperature Ty 125 °c 


Rega = 55°C/\W 
Do not exceed maximum current limit per driver. 


ORDERING INFORMATION 


Characteristics 


Input 
Device Compatibility VceE(Max)/ic(Max) Ta 


ULN2801A Generali Purpose CMOS, PMOS 


ULN2802A 14-25 Volt PMOS 
50 V/500 mA 0 to +70°C 
ULN2803A TTL, 5.0 V CMOS 


ULN2804A_ | 6-15 V CMOS, PMOS | 
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ULN2801, ULN2802, ULN2803, ULN2804 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic Fig. Symbol Typ Max Unit 
Output Leakage Current 1 ICEX HA 
(Vo = 50 V, Ta = +70°C) All Types — 100 
(VQ = 50 V, Ta = +25°C) All Types = 50 
(Vg = 50 V, Ta = +70°C, Vj) = 6.0 V) ULN2802 — 500 
(Vo = 50 V, Ta = +70°C, V) = 1.0 V) ULN2804 — 500 
Collector-Emitter Saturation Voltage 2 VCE(sat) Vv 
(I¢ = 350 mA, Ip = 500 pA) All Types 11 1.6 
(Ic = 200 mA, Ip = 350 pA) All Types 0.95 1.3 
{Ic = 100 mA, Ig = 250 vA) All Types 0.85 1.1 
Input Current — On Condition 4 Non) mA 
(Vj = 17 V) ULN2802 0.82 1.25 
(V| = 3.85 V) ULN2803 0.93 1.35 
(Vv; = 5.0 V) ULN2804 0.35 0.5 
(Vj = 12 V) ULN2804 1.0 1.45 
input Voltage — On Condition 5 Viton) Vv 
(VcE = 2.0 V, Ic = 300 mA) ULN2802 — 13 
(VcE = 2.0 V, I¢ = 200 mA) ULN2803 _ 2.4 
(VcE = 2.0 V, Ic = 250 mA) ULN2803 _— 2.7 
(VcE = 2.0 V, Ic = 300 mA) ULN2803 _ 3.0 
(VcE = 2.0 V, Ie = 125 mA) ULN2804 — 5.0 
(VcE = 2.0 V, Ic = 200 mA} ULN2804 _ 6.0 
(VcE = 2.0 V, Ic = 275 mA) ULN2804 _ 7.0 
(VcE = 2.0 V, Ic = 350 mA) ULN2804 — 8.0 
Input Current — Off Condition All Types 3 IWoff) 50 pA 
(I¢ = 500 pA, Ta = +70°C) 
DC Current Gain ULN2801 2 hFE 
(VcE = 2.0 V, Ic = 350 mA) 
Input Capacitance C) 15 25 pF 
Turn-On Delay Time ton 0.25 1.0 us 
(50% E| to 50% Eo) 
Turn-Off Delay Time toff 0.25 1.0 us 
(50% E; to 50% Eo) 
Clamp Diode Leakage Current Ta = +25°C 6 IR _ 50 pA 
(VR = 50 V) Ta = +70°C 100 
Clamp Diode Forward Voltage 7 Ve 1.5 2.0 Vv 


(Ip = 350 mA) 
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TEST FIGURES 


(SEE FIGURE NUMBERS IN ELECTRICAL CHARACTERISTICS TABLES) 


FIGURE 2 


FIGURE 1 


Open Vee 
O 


Open VceE Open 
© 
FIGURE 3 t FIGURE 4 


H 
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FIGURE 5 FIGURE 6 


Open 


FIGURE 7 
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ULN2801, ULN2802, ULN2803, ULN2804 


TYPICAL CHARACTERISTIC CURVES — Ta = 25°C 
(unless otherwise noted) 
OUTPUT CHARACTERISTICS 


FIGURE 8 — OUTPUT CURRENT versus FIGURE 9 — OUTPUT CURRENT versus 
SATURATION VOLTAGE INPUT CURRENT 
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INPUT CHARACTERISTICS 


FIGURE 10 — ULN2802 INPUT CURRENT FIGURE 11 — ULN2803 INPUT CURRENT 
versus INPUT VOLTAGE versus INPUT VOLTAGE 


lin. INPUT CURRENT (mA) 
lin. INPUT CURRENT (mA) 


12 14 16 18 20 22 24 26 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Vin. INPUT VOLTAGE (VOLTS) Vn. INPUT VOLTAGE (VOLTS) 


FIGURE 12 — ULN2804 INPUT CURRENT 
versus INPUT VOLTAGE 
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ULN2801, ULN2802, ULN2803, ULN2804 


REPRESENTATIVE CIRCUIT SCHEMATICS 


1/8 ULN2801 1/8 ULN2802 
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Selector Guide 
RF Communications ............. 8-2 
In Brief... Telecommunications ............. 8-4 


ae nth . Alphanumeric Listing .............. 8-11 
Radio communication has greatly expanded its scope in the 


past several years. Once dominated by public safety radio, . . 

the 30 to 1000 MHz spectrum is now packed with personal Related Application Notes.......... 8-12 
and low cost business radio systems. The vast majority of this 

equipment uses FM or FSK modulation and is targeted at 

ac range applications. From mobile phones and VHF Data Sheets ................-...... 8-13 
marine radios to garage door openers and radio controlled 

toys, these new systems have become a part of our lifestyle. 

Motorola linear products has focused on this technology add- : , ‘s 
ing a wide array of new products including complete receivers 

processed in our exclusive 3 GHz MOSAIC 1.5 process. New Co m m u n ication Ci rcu Its 
surface mount packages, for high density assembly, are avail- 

able for all of these products, as is a growing family of sup- 

porting applications notes and development kits. 


Telephone & Voice/Data 

Traditionally, an office environment has utilized two dis- 
tinctly separate wired communications systems — Telecom- 
munications and Datacommunications. Each had its individual 
hardware components complement and each required its own 
independent transmission line system: twisted wire pairs for 
Telecom and relatively high priced coax cable for Datacom. 
But times have changed. Today, Telecom and Datacom coex- 
ist comfortably on inexpensive twisted wire pairs and utilize 
a significant number of components in common. This has led 
to the development and enhancement of PBX (Private Branch 
Exchanges) to the point where the long heralded “office of 
the future,” with simultaneous voice and data communications 
capability at each station, is no longer of the future at all. The 
capability is here today! 

Motorola semiconductor components serve a wide range 
of requirements for the voice/data marketplace. They encom- 
pass both CMOS and linear technologies, each to its best 
advantage, and upgrade the conventional analog voice sys- 
tems and establish new capabilities in digital communications. 
Early products, such as the solid-state single-chip crosspoint 
switch, the more recent monolithic Subscriber-Loop-Interface 
Circuit (SLIC), a single-chip Codec/Filter (Monocircuit) the lat- 
est Universal Digital Loop Transceivers (UDLT), and single- 
chip telephone circuits are just a few examples of Motorola 
leadership in the voice/data area. 


Communication 
Circuits 


RF Communications 


Narrowband Dual Conversion Receivers — FM/FSK — VHF 


RF iF2 oe. ay 
(limiter | : : 
in} Mute | RSSI | 
180 MHz/10.7 MHz| 455 kHz — V >4,8 kb | Includes 24 Pin P/724 
buffered VCO DIP, {DW/751E 
i output SOIC 
T Tt | 
180 MHz/10.7 MHz! 455 kHz F >4.8 kb | Includes RF 28 Pin |DW/751F 
amp, mute i SOIC 
T Tr 
<0.1 180 MHz}10.7 MHz| 455 kHz P 5 >4.8 kb | Low cost 20 Pin P/738 
Ce | | | | | [version SOIC |DW/751D 
Wideband Data (FM/FSK) Receiver — VHF 
| JF1 | (limiter : : 
Sensitivity; (Max) Notes Package | Suffix 
30 nV =| 200 MHz|10.7 MHz Includes front end} 20 Pin P/738 
L mixer/L.O. I DIP/PLCC | FN/775 


Narrowband IFs — Wideband (FM/FSK) IF 


4-8V | 5mA 5 pv 45 MHz 


a — 16 Pin P/648 


t 4. + alle 4 DIF + 
4-9V | 7mA 2 pV 45 MHz | 455 kHz : — — 18/20 Pin | P/707 
L | | | DIP/SOIC | DW/751D | 
2-8V | 6mA 2 pV 60 MHz | 455 kHz ee — — 16 Pin P/648 
| Zh ali. | | DIP/SOIC | D/751B 
— 1.2 Kb 11 Cell Operation 28 Pin | DW/751F 


1-5 V TmA <TypV | 75 MHz | 455 kHz 


_| SOIC I 
; = [4089 Intro) 16 Pin Pieaa | 


| DIP/SOIC | D/751B 


2 Mb | Wideband Data IF} 16 Pin P/648 
DIP/SOIC | D/751B 


2-8V | 6mA | 2 pV 60 MHz | 455 kHz 


| 3-12V | 28 mA | 20 nV — | 40 MHz 


Notes 


Package | Suffix 


50 kHz | Includes low battery P/648 
hecker, t : DIP/SOIC | D/751B 

checker, tone osc O 
Includes two frequency P/648 


{xtal ctl) | multiplier/amplifier DIP/SOIC {| D/751B 


transistors 
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Balanced Modulator/Demodulator 


Package 


Carrier Balance >50 dB General purpose balanced modulator/ 


10 Pin G/603 
Metal 
14 Pin L/632 
demodulator for AM, SSB, FM Detection Ceramic 
DIL, DIP, P/646 
sSOic D/751A 


Low Power FM Transmitter System 
MC2833 — Ta = —30° to +75°C, Case 648, 751B 


Complete VHF FM Transmitter/Exciter 
Mike Preamp with Limiting 

Tone Generator for CTSS or AFSK 
Crystal or L-C VCO Operation 
Buffer/Multiplier Output Stage 

Two Multiplier/Amplifier Stages 
Operates to 150+ MHz 


MC2833 


z Variable 
| Reactance 


Low Voltage FM Narrowband 


Receiver 
MC3367 — Ta = 0°C to +70°C, Case 751F 


Single Cell Operation to 0.9 Vcc 

Single Conversion Operation to 75 MHz 
Current Drain of 1 mA 

Split |.F. Amplifier for Single or Dual Filters 
Analog and Data Outputs 

Sensitivity of 0.7 4.V Typ for 20 dB Quieting 
Low Battery Voltage Indicator 


MOSAIC® 1.5 VHF Narrowband 
Dual-Conversion Receiver 
MC3363 — Ta = —40°C to +85°C, Case 751F 


@ Operation to 180 MHz 

@ 2-8 Vdc Supply 

@ <0.5 nV for 20 dB Quieting Sensitivity 
e@ Analog and Data Modulation Recovery 
@ >60 dB Dynamic Range RSSI 

@ Crystal or VCO First L.O. Operation 

@ On-Chip RF Amp/MC3363 


MC3363 


2nd LO Emitter th 


2nd LO Base Lé] 


Limiter Decoupting = 


Meter Drive (RSS!) (13 


it 


(All capactors © ..F umess otherwise stated Resistors in ohms Inductors in Henres | 


FUL FL2 
Toko LFC 455 I 
or 


2H 0p Pett muRata CFU 455D E F 


RF Input 
45 MHz > { 


MC3367 


Toko RMIC 
2A 6597HM 
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TELECOMMUNICATIONS 


Subscriber Loop Interface Circuit 


(SLIC) 
MC3419-1L — Ta = 0° to + 70°C, Case 726 


The replacement of two-to-four wire conversion hybrid 
transformers in Central Office, PBX, and Subscriber Carrier 
equipment with the SLIC has resulted in major improvement 
in telephone equipment. The SLIC family performs this task, 
along with most other BORSHT functions required by signal 


All Key Parameters Externally Programmable 
Current Sensing Outputs Monitor Status of Both 
Tip and Ring Leads 

On-Hook Power Below 5.0 mW 

Digital Hook Status Output 

Power Down Input 

Ground Fault Protection 


Size and Weight Reduction Over Conventional 
Approaches 

The sale of this product is licensed under patent 
No. 4,004,109. All royalties related to this patent 
are included in the unit price. 


MC33120 — Ta = —40° to +85°C, Case 738, 751D 


With a guaranteed minimum longitudinal balance of 58 dB, 
the MC33120 is ideally suited for central office applications, 
as well as PBXs, and other related equipment. Protection and 
sensing components on the 2 wire side can be non-precision 
while achieving required system performance. Most BORSHT 
functions are provided while maintaining low power con- 
sumption, and a cost effective design. Size and weight reduc- 
tion over conventional transformer designs permit a higher 
density system. 


@ All key parameters externally programmable with 
resistors: 
@ Transmit and receive gains 
@ Transhybrid loss 


transmission. These include the provision of dc power to the 
telephone (Battery); Overvoltage protection; Ring trip detec- 
tion; Supervisory features such as hook status and dial puls- 
ing; 2-to-4 wire conversion, suppression of longitudinal sig- 
nals (Hybrid). 


@ Return loss 
© DC loop current limit and battery feed resistance 
@ Longitudinal Impedance 
Single and doubie fault sensing and protection 
Minimum 58 dB longitudinal balance (2 wire and 4 wire) 
guaranteed 
Digital Hook Status and Fault outputs 
Power Down input 
Loop Start or ground start operation 
Size and weight reduction over conventional 
approaches 
Available in 20 pin DIP and SOIC packages 
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Electronic Telephone 


The Complete Electronic 
Telephone Circuit 


MC34010/11A — Ta = —20° to +60°C, Case 711, 777 


Ceramic 
Resonator 


Electret 


Microphone 


The conventional transformer-driven telephone handset 
is undergoing major innovations. The bulky transformer is 
disappearing. So are many of its discrete components, 
including the familiar telephone bell. They are being 
replaced with integrated circuits that perform all the major 
handset functions simply, reliably and inexpensively .. . 
functions such as 2-to-4 wire conversion, DTMF dialing, 
tone ringing, and a variety of related activities. 

The culmination of these capabilities is the Electronic 
Telephone Circuit, the MC34010/11A. These IC’s place all 
of the above mentioned functions on a single monolithic 
chip. 

These telephone circuits utilize advanced bipolar linear 
(I2L) technology and provide all the necessary elements of 
a modern tone-dialing telephone. The MC34010 even incor- 
porates an MPU interface circuit for the inclusion of auto- 
matic dialing in the final system. 


Hook Switch 
rrr nz 
/ 


MC34016 ‘114 


Features 
@ Provides All Basic Telephone Functions, Including DTMF 


Dialer, Tone Ringer, Speech Network and Line Voltage 
Regulator 

DTMF Generator Uses Low-Cost Ceramic Resonator with 
Accurate Frequency Synthesis Technique 

Tone Ringer Drives Piezoelectric Transducer and Satis- 
fies EIA-470 Requirements 


Speech Network Provides Two-Four Wire Conversion 
with Adjustable Sidetone Utilizing an Electret Transmitter 


On-Chip Regulator Insures Stable Operation Over Wide 
Range of Loop Lengths 

I2L Technology Provides Low 1.4 Volt Operation and High 
Static Discharge Immunity 

MC34010P Provides Microprocessor Interface Port for 
Automatic Dialing Features 
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Tone Ringers 


The MC34012, MC34017, and MC34117 Tone Ringers are 
designed to replace the bulky bell assembly of a telephone, 
while providing the same function and performance under a 
variety of conditions. The operational requirements spelled 
out by the FCC and EIA-470, simply stated, are that a ringer 


MC34012 — Ta = —20° to +60°C, Case 626, 751 


¢@ Complete Telephone Bell Replacement 

On-Chip Diode Bridge and Transient Protection 
Single-Ended Output to Piezo Transducer 

Input Impedance Signature Meets Bell and EIA Standards 
Rejects Rotary Dial and Hook Switch Transients 
Adjustable Base Frequencies 


Output Frequency to Warble Ratio — MC34012-1: 80 
MC34012-2: 160 
MC34012-3: 40 


MC34017 — Ta = ~—20° to +60°C, Case 626, 751 


@ Complete Telephone Bell Replacement 

@ On-Chip Diode Bridge and Transient Protection 

© Differential Output to Piezo Transducer for Louder Sound 
@ input Impedance Signature Meets Bell and EIA Standards 
e@ Rejects Rotary Dial and Hook Switch Transients 


@ Output Frequency to Warble Ratio — MC34017-1: 80 
MC34017-2: 160 
MC34017-3: 40 


MC34117 — Ta = —20°C to + 60°C, Case 626, 751 


@ Complete Telephone Bell Replacement 

External Diode Bridge 

Internal Transient Protection 

Differential Output to Piezo Transducer for Louder Sound 
Input Impedance Signature Meets Bell and EIA Standards 
Rejects Rotary Dial and Hook Switch Transients 


Base Frequency and Warble Frequencies are Indepen- 
dently Adjustable 


Ring 


circuit MUST function when a ringing signal is provided, and 
MUST NOT ring when other signals (speech, dialing, noise) 
are on the line. The tone ringers described below were 
designed to meet those requirements with a minimum of 
external components. 


Threshold 
Comparator: 


Piezo 
Sound 
Element 


Piezo 
TC Sound 
Element 
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Speech Networks 


Ceram 
Resonator 


Telephone Speech Network and Tone Dialer 
MC34013A — Ta = -20° to +60°C, Case 710,776 =o | "0 


® Linear/I2L Technology Provides Low 1.4 Volt Operation 
in Both Speech and Dialing Modes 

@ Speech Network Provides 2-4 Wire Conversion with 
Adjustable Sidetone Utilizing an Electret Microphone 

e DTMF Generator Uses Low-Cost Ceramic Resonator 
with Accurate Frequency Synthesis Technique 

@ On-Chip Regulator Insures Stable Operation Over Wide 
Range of Loop Lengths 


e@ Dialer Mutes Speech Network with Internal Delay for Click 
Suppression on DTMF Key Release 


Speech Network with Dialer Interface 
MC34014 — Ta = — 20° to +60°C, Case 707, 775 


The MC34014 is a Telephone Speech Network integrated 
circuit which incorporates adjustable transmit, receive, and 
sidetone functions, line interface circuit, dialer interface, and 
a regulated output voltage for a dialer circuit. It includes an L > .s ww NET 
equalization circuit to compensate for various line lengths ze : 


To 


and the conversion from 2-to-4 wire is accomplished with = *°%°——-~ IE inure) | Receiver 
supply voltages as low as 1.5 volts. ~The en 
e Transmit, Receive, and Sidetone Gains Set By External 

Resistors 


.) Reguiater. 
To 
Dialer 
Circurt 


© Loop Length Equalization for Transmit, Receive, and Side- 
tone Functions 


® Operates Down to 1.5 Volts (V+) in Speech Mode : < | 

@ Provides Regulated Voltage for CMOS Dialer Asnpiiter 

@ Speech Amplifiers Muted During Pulse and Tone Dialing ore [ Pe eee 
e OTMF Output Level Adjustable with a Single Resistor mys ee aes 
@ Compatible with 2-Terminal Electret Microphones 

e@ Compatible with Receiver impedances of 150 (2 and 


Higher 


Telephone Speech Network with Dialer Interface 
MC34114, MC34214 — Ta = —20° to +70°C, Case 707, 751D 


@ Operation Down to 1.2 Volts 


@ Adjustable Transmit, Receive, and Sidetone Gains by 
External Resistors 


© Differential Microphone Amplifier Input Minimizes RFI 


@ Transmit, Receive, and Sidetone Equalization on both 
Voice and DTMF Signals 


Regulated 1.7 Voits Output for Biasing Microphone 
Regulated 3.3 Volts Output for Powering External Dialer 
Microphone and Receive Amplifiers Muted During Dialing 


Differential Receive Amplifier Output Eliminates Coupling 
Capacitor 


®@ Operates with Receiver Impedances of 150 2 and Higher 
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Speakerphone 


ELECTRET 
Mic 


Voice Switched Speakerphone 
Circuit i 
MC34018 — Ta = —20° to +60°C, Case 710,776 | 


The MC34018 Speakerphone integrated 
Circuit incorporates the necessary ampli- ' 


> 
ce! 
1 \ 


“sive rone| SIDETONE 


} 

I NETWORK 
a a 
| 


fiers, attenuators, and control functions to 7 
produce a high quality hands-free speak- i | aa | 
erphone system. Included are a micro- mel ve _— yee 
phone amplifier, a power audio amplifier for SRL [ an 
4 ; ch [SPEAKERPHONE ic Sy5 TEN a a 

the speaker, transmit and receive atten- . meme 8 =) 
uators, a monitoring system for back- > = ‘ TL enasis 

_ INPUT 
ground sound level, and an attenuation REGELIE VOLUME CONES ae 


control system which responds to the rel- 
ative transmit and receive levels as well as 
the background level. Also included are all 


® Ail Necessary Level Detection and Attenuation Controls for a Hands-Free 
Telephone in a Single Integrated Circuit 


necessary regulated voltages for both @ Background Noise Level Monitoring with Long Time Constant 

internal and external circuitry, allowing line- ®@ Wide Operating Dynamic Range Through Signal Compression 

powered operation (no additional power ® On-chip Supply and Reference Voltage Requlation 

supplies required). A Chip Select pin allows on Ghlp UPI andere 9 9 . mee sich 
the chip to be powered down when not in @ Typical 100 mW Output Power (into 25 (2) with Peak Limiting to Minimize 
use. A volume control function may be Distortion 

implemented with an external potentiom- @ Chip Select Pin for Active/Standby Operation 

eter. MC34018 applications include speak- @ Linear Volume Control Function 

erphones for household and business use, 

intercom systems, automotive telephones, 

and others. 

Voice Switched Speakerphone 

Circuit 


MC34118 — Ta = —20° to +60°C, Case 710, 751F 


The MC34118 Voice Switched Speak- 
erphone Circuit incorporates the neces- 
sary amplifiers, attenuators, level detec- 
tors, and control algorithm to form the heart : NTT i Tp 
of a high quality hands-free speakerphone : A 
system. Included are a microphone ampli- Mike 
fier with adjustable gain and MUTE control, 
Transmit and Receive attenuators which 
operate in a complementary manner, level 
detectors at both input and output of both 
attenuators, and background noise moni- 
tors for both the transmit and receive chan- 
nels. A Dial Tone Detector prevents the dial Speaker 
tone from being attenuated by the Receive 
background noise monitor circuit. Also 
included are two line driver amplifiers 
which can be used to form a hybrid network 
in conjunction with an external coupling 
transformer. A high-pass filter can be used 
to filter out 60 Hz noise in the receive chan- 
nel, or for other filtering functions. A Chip 
Disable pin permits powering down the 
entire circuit to conserve power on long 


Background | | 
Noise Monitor ‘ 


Background 


Valiime Nope Monitor | 


Control 


Disable 


~y : 
Power Amp a 
‘External 


Improved Attenuator Gain Range: 52 dB Between Transmit and Receive 

Low Voltage Operation for Line-Powered Applications (3.0-6.5 V) 

4-Point Signal Sensing for Improved Sensitivity 

loops where loop current is at a minimurn. Background Noise Monitors for Both Transmit and Receive Paths . 
The MC34118 may be operated from a Microphone Amplifier Gain Set by External Resistors — Mute Function 


power supply, or it can be powered from Included 
the telephone line, requiring typically 5.0 Chip Disable for Active/Standby Operation 
ie ae vith eee On Board Filter Pinned-Out for User Defined Function 
irectly to Tip and Ring (through a coupling ; a ; . : 
transformer) for stand-alone operation, or Dial Houle Geiecer to inhibit Receive Idle Mook During Dial Tone Presence 
it can be used in conjunction with a handset Compatible with MC34119 Speaker Amplifier 
speech network and/or other features of a 
featurephone. 
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Telephone Accessory Circuits 


Audio Amplifier 
MC34119 — Ta = 0° to + 70°C, Case 626, 751 


A low power audio amplifier circuit intended (primarily) for 
telephone applications, such as speakerphones. Provides dif- 
ferential speaker outputs to maximize output swing at low 
supply voltages (2 volt min.). Coupling capacitors to the 
speaker, and snubbers, are not required. Overall gain is exter- 
nally adjustable from 0 to 46 dB. A Chip Disable pin permits 
powering-down to mute the audio signal and reduce power 
consumption. 

@ Drives a Wide Range of Speaker Loads (16-100 12) 

@ Output Power Exceeds 250 mW with 32 (2 Speaker 

® Low Distortion (THD = 0.4% Typical) 

@ Wide Operating Supply Voltage (2-16 Volts) — Allows 

Telephone Line Powered Applications. 

@ Low Quiescent Supply Current (2.5 mA Typical) 
@ Low Power-Down Quiescent Current (60 “A Typical) 


Current Mode Switching Regulator 
MC34129 — Ta = 0° to + 70°C, Case 646, 751A 


High performance current mode switching regulator for low- 
power digital telephones. Unique internal fault timer provides 
automatic restart for overload recovery. A start/run compar- 
ator is included to implement bootstrapped operation of Vcc. 

Although primarily intended for digital telephone systems, 
these devices can be used cost effectively in many other 
applications. 

On-chip functions and features include: 

@ Current Mode Operation to 300 kHz 

@ Automatic Feed Forward Compensation 

@ Latching PWM for Cycle-By-Cycle Current Limiting 

@ Latched-Off or Continuous Retry after Fault Timeout 
Soft-Start with Maximum Peak Switch Current Clamp 
Internally Trimmed 2% Bandgap Reference 

Input Undervoltage Lockout 


Speaker 
(32 42) 


cl 
1 pF 
Cc 
CD Disable 
Optional 
Rf 
Differential Gain 2x ey 
! 
13 _ Start Run 
12|] Soft-Start 
C Soft-Start o and Pheeouaee 14, Mee 
Fault Timer 
7 
Gnd 1.25 V 
Vret 2.5 Vo" 
9 _Non Inverting 
Olnput 
o Inverting Input 
RTCT O° Feedback 


PWM Input 
Drive Out 
O Drive Gnd 


ema Ramp Input 


Syncilnhibit 4 
Input © 
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Continuously Variable Slope Delta (CVSD) Modulator/Demodulator 


Provides the A/D-D/A function of voice com- 
munications by digital transmission. 

The MC3517/18 series of CVSDs is designed for 
military secure communications and commercial 
telephone applications. A single IC provides both 
encoding and decoding functions in 16-pin 
package. 


MC3417/18 


Encode and Decode functions on the Same Chip 
with a Digital Input for Selection 

CMOS Compatible Digital Output 

Digital Input Threshold Selectable (Vcc/2 refer- 
ence provided on chip) 
MC3417/MC3517/MC34115 has a 3-Bit Algorithm 
(General Communications) 

MC3418/MC3518 has a 4-Bit Algorithm (Com- 
mercial Telephone) 


(0 to 70°C) Analog 
Case 620 Input 


Feedback 
Digital o 

Data Input 
Digital 912 

Threshold 


MC34115 

(0 to 70°C) 

Case 648 
Digital 
Output 


Vcc/2 10 
Reference © 


MC3517/18 
(—55 to +125°C) 
Case 620 


| Coincidence 
'{ Output 


_ 
lec 
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COMMUNICATION CIRCUITS 


RF Communications 


Device Function Page 
MC1496 Balanced Modulator/Demodulator ......... 0.00. cece ce ete 8-13 
MC1596 Balanced Modulator/Demodulator ........ 0... eee eee eee 8-13 
MC2830 Voice Activated Switch .......0.. 0... ccc eee et tenets 8-23 
MC2831A Low Power FM Transmitter System .........0 20.0000 cece eens 8-27 
MC2833 Low Power FM Transmitter System .......... 0.00: cece eee eens 8-30 
MC3335 Low Power Dual Conversion FM Receiver ............ 000s eee eee nee 8-36 
MC3356 Wideband FSK ‘RECGIVEr «0% 3 aan exeie 4 hed Gacdehsw Ge tae ea eee Jamas 8-40 
MC3357 bow POWeMEM WR. ai; eck: cued bcd el ae ea etn eOe ee Mad 4 Ha apes Oe ae 8-46 
MC3359 Low Power Narrowband FMIF .......... 0.0: c cece eee eee een nee 8-50 
MC3361B Low Voltage Narrowband FM IF ........ 0... 0c cece eee etna 8-56 
MC3362 Low Power Dual Conversion FM Receiver ........... 0.00 cece eee neces 8-58 
MC3363 Low Power Dual Conversion FM Receiver ............. cece eee teen eee 8-65 
MC3367 Low Voltage FM Narrowband Receiver ......-... 0.00. c cece eee eee 8-73 
MC13041 AM Receiver Subsystem..... 0... 0.0: ccc ee eee teens See Chapter 9 
MC13055 Wideband FSK Receiver .......... 0.0. e ee een teen e eee 8-82 
Telecommunications 

Device Function Page 
MC3417 Continuously Variable Slope Delta Modulator/Demodulator ............... * 
MC3418 Continuously Variable Slope Delta Modulator/Demodulator ............... * 
MC3419-1L ‘helephone: Line-Feed Circuit. so: acta nad eee ee daw dls o8 de Bae ew eae x 
MC3517 Continuously Variable Slope Delta Modulator/Demodulator ............... * 
MC3518 Continuously Variable Slope Delta Modulator/Demodulator ............... * 
MC33120 Subscriber Loop Interface Circuit .... 0... .. cece tte tee ee * 
MC33129 High Performance Current Mode Controller ................ See Chapter 3, * 
MC34010 Electronic: Teleohone Circuit. sao es gas eeu aude dd we te ice bo ede aas * 
MC34011A Electronic Telephone Circuit ...... 0.0.0... cee cette eens * 
MC34012-1,-2,-3. Telephone Tone Ringer ........... cece ee tee eee eee eee eens * 
MC34013A Speech Network and Tone Ringer ........ 0... cece eet ete ee ees * 
MC34014 Telephone Speech Network with Dialer Interface .............. 00.00.0000. * 
MC34017 Telephone Tone: RINGer jneciwaki geen diy aw ten Crk eb ke Gee ane ne dea wats * 
MC34018 Voice Switched Speakerphone Circuit ........ 0.0... cee eee * 
MC34114 Telephone Speech Network with Dialer Interface ..................0..0.0. * 
MC34115 Continuously Variable Slope Delta Modulator/Demodulator ............... * 
MC34117 Telephone Tone RINQer 22.0.6 cicada beeen ee Waa wh ade eee ewe ees * 
MC34118 Voice Switched Speakerphone Circuit ......... 2.00... eee ee eee * 
MC34119 Low Power Audio Amplifier..........0 0.000 e eee eee See Chapter 9 
MC34129 High Performance Current Mode Controller ................ See Chapter 3, * 


*See Telecommunications Device Data (DL136) 
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RELATED APPLICATION NOTES 


Application Related 
Note Title Device 
AN531 MC1596 Balanced Modulator ..............00 cece eeuee MC1596 
AN933 A Variety of Uses for the MC34012/MC34017 
OMG RINQEIS ce or ck erences 27s oe As aaa iand does Da acres BS MC34012-1,-2,-3, 
MC34017 
AN937 A Telephone Ringer which Complies with FCC and EIA 
Impedance Standards ......... 0... . cece cece eee MC34012, MC34017 
AN957 Interfacing the Speakerphone to the 
MC34010/11/13 Speech Networks ........... 00.000 e eee MC34010, MC34011A, 
MC34013A 
AN958 Transmit Gain Adjustments for the MC34014 Speech 
INGIWORK: <a Sa ooh ane ed wink it ne ater at wee aoe wane ated MC34014 
AN959 A Speakerphone with Receive Idle Mode................. MC34018 
AN960 Equalization of DTMF Signals Using the MC34014......... MC34014 
AN976 A New High Performance Current Mode 
Controller Teams Up with Current 
Sensing Power MOSFETs ......... 0.0.00 cece eee ne eeee MC34129 
AN980 Low Power FM Dual Conversion Receivers ............... MC3362, MC3363 
AN1002 A Handsfree Featurephone Design Using the MC34114 
Speech Network and the MC34018 Speakerphone ICs .... MC34018 
MC34114 
AN1003 A Featurephone Design, with Tone Ringer and Dialer, 
Using the MC34118 Speakerphone IC .................. MC34118, MC34017, 


MC145412, MC34119 


AN1004 A Handsfree Featurephone Design Using the MC34114 
Speech Network and the MC34118 Speakerphone ICs .... MC34114, MC34118, 
MC34119, MC3417, 


MC145412 

AN1006 Linearize the Volume Control of the MC34118 

SpeakerpNOne 194-544. 2 hea eG waa bo od ba SS MC34118 
AN1077 Adding Digital Volume Control to Speakerphone Circuits ... MC34018, MC34118 
AN1081 Minimize the “Pop” in the MC34119 Power Audio 

AION 22 ee ston tien ee Re at Rede Gh BSS eyo Pia eat MC34119 
ANHKO7 A High Performance, Manual-Tuned AM Stereo Receiver 

for Automotive Application Using Motorola ICs: 

MC13021, MC13020 & MC13041 ............. 000 eee ee MC13041 
SG98R4 Linear Telecom Cross Reference 
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MOTOROLA 
= SEMICONDUCTOR sau MC1496 
TECHNICAL DATA MC1596 


BALANCED 


BALANCED MODULATOR! DEMODULATOR MODULATOR/DEMODULATOR 


.. . designed for use where the output voltage is a product of an 
input voltage (signal) and a switching function (carrier). Typical 
applications include suppressed carrier and amplitude modulation, 
synchronous detection, FM detection, phase detection, and chopper 


G SUFFIX VEE 


METAL PACKAGE + Signal — output 
applications. See Motorola Application Note AN-531 for additional CASE 603 Input (4) eo — Carrier 
design information. Gain Adjust : nce 
@ Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz Gain Adjust ® Input 

— 50 dB typ @ 10 MHz — Signal input + Output 
®@ Adjustable Gain and Signal Handling Bias 
@ Balanced Inputs and Outputs (Top View) 
@ High Common Mode Rejection — 85 dB typ L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
D SUFFIX 
Le PLASTIC PACKAGE 
we CASE 751A 
1 (SO-14) 
P SUFFIX 
FIGURE 1 — PLASTIC PACKAGE 
SUPPRESSED CARRIER ia CASE 646 
OUTPUT WAVEFORM 1 


PIN ASSIGNMENTS 


fe S0OKHE fg -10kHe 


aa 2 

to, SOOkH. | 
Sure beter cata 
fs HOkHZ 


: [revewsnor tives [vatees | 
i Saeye ae 
a SUPPRESSED CARRIER 
8 SPECTRUM 0°C to + 70°C 


MC1496P Plastic DIP 


55°C to + 125°C 
Hci 


seer etniprommanonnnguvsssscovoensioce-seniiealnilpreeeite 


FIGURE 3 — 
AMPLITUDE MODULATION 
OUTPUT WAVEFORM 


fo 5OOKMZ 
fg 1.OkHe 


i . 
S00 KH? SO7 KH: 
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MC1496, MC1596 


MAXIMUM RATINGS* (Ta = + 25°C unless otherwise noted} 


Ratin Symbol Value Unit 
Applied Voltage AV 30 Vde 
(Vg — V7, Vg - V1, Vg - V7, Vg — Vg, V7 — V4. V7 - V4. 
Vg -— V4. Ve — Vg, V2 — V5. V3 - V5) 
Differential Input Signal V7 - Vg +5.0 Vde 
+(5+15Re) 


Maximum Bias Current 10 


[ Thermal Resistance, Junction to Air 


Ceramic Dual In-Line Package 100 
Plastic Dual In-Line Package 100 
Metal Package 160 


Operating Temperature Range 


MC1496 
MC1596 


0 to +70 
—55 to +125 


|_Storage Temperature Range 


ELECTRICAL CHARACTERISTICS* (Vcc = +12 Vdc, VEE -8.0 Vde, Ig - 1.0 mAdc, Ry - 3.9k2, Re = 1.0k9, Ta - + 25°C, 
all input and output characteristics are single-ended, unless otherwise noted.) 


he MC1596 MC1496 
Characteristic Fig. Note Symbo! | Min | Typ | Max | Min | Typ | Max Unit 
Carrier Feedthrough 5 1 VcFT pV(rms) 
Ve = 60 mVirms) sine wave and fo = 1.0 kHz _ 40 _ _- 40 _ 
offset adjusted to zero fo = 10 MHz —_ 140 —_ _— 140 = 
Vc = 300 mVp-p square wave: mVi(rms} 
offset adjusted to zero fc = 1.0 kHz _ 0.04 | 0.2 _ 0.04 0.4 
= offset not adjusted fc = 1.0 kHz _— 26 100 _ 20 200 
Carrier Suppression 2 Ves dB 
fg = 10 kHz, 300 mV(rms) 
fc = 500 kHz, 60 mVirms) sine wave | 50 65 _ 40 65 _ 
fc = 10 MHz, 60 mVirms) sine wave = 50 _ —_ 50 = k | 
+— ———— 
Transadmittance Bandwidth (Magnitude) (Rx, = 50 ohms) 8 8 BW3qB8 MHz 
Carrier Input Port, V¢ = 60 mVirms)} sine wave = 300 a = 300 = 
fs = 1.0 kHz, 300 mVirms) sine wave 
Signal input Port, Vg = 300 mV(rms) sine wave > 80 Eng _ 80 = 
\Vc| = 0.5 Vde 
Signal Gain 3 ays | 25 | 35 | — gig): VN 
Vs = 100 mVirms), f = 1.0 kHz; |Vc| = 0.5 Vde 
a 
Single-Ended Input Impedance, Signal Port, f = 5.0 MHz _ 
Parallel Input Resistance rip _— 200 ~ _ 200 = ko 
Parallel Input Capacitance A = pF 


10 
6 
Cip —_ 2.0 — — 2.0 
Single-Ended Output Impedance, f = 10 MHz 6 _ 
Parallel Output Resistance Top _ 40 = _ 40 _ kQ 
: 5.0 
dT, 
7 


Parallel Output Capacitance Coo _— 5.0 —_~ —_— _— pF 
Input Bias Current _— Ty | pA 
| tos = EH ye = 2H a: ee ape peer 
Input Offset Current _ ‘a pA 
lio§ = I1-la: tioc = !7-Ig llios! — | 07 | 50 | — | 07 | 7.0 
jee! lioc! — | 07 | 50 | — {or | 7.0 


Average Temperature Coefficient of Input Offset Current 2.0 = _— 2.0 —_— nA/C 


(Ta = ~—55°C to + 125°C) 


Output Offset Current 
(lg-!g) 


7 
7 
Average Temperature Coefficient of Output Offset Current 7 _— [TCio} _ 90 _ — nArC 
(Ta = -55°C to + 125°C) 


Common-Mode Input Swing, Signal Port, fg = 1.0 kHz | 9 | 4 | CMV — 5.0 — |} — | 50] — | Vp-p 


Common-Mode Gain, Signal Port, fg = 1.0 kHz, a = Acme? |= | sed. 07 [a5] dB 

| 7 : | 

\Vcl = 0.5 Vde Lig t 
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 _ Vout T= 8.0 _ _ 8.0 _ Vp-p 
Differential Output Voltage Swing Capability 10 _- Pa mes 8.0 _ _ 8.0 ae Vp-p 
Power Supply Current 7 6 mAdc 

Ig + Ig lec — | 20 | 30 | — | 20 | 40 

I10 IEE — | 30 | 40 | — | 30 | 50 

OC Power Dissipation 7 5 Pp ace 33 _ = 33 = mw 


* Pin number references pertain to this device when packaged in a metal can. 
To ascertain the corresponding pin numbers for plastic or ceramic packaged 
devices refer to the first page of this specification sheet. 
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GENERAL OPERATING INFORMATION * 


Carrier Feedthrough 


Carrier feedthrough is defined as the output voltage 
at carrier frequency with only the carrier applied (signal 
voltage = Q). 

Carrier null is achieved by balancing the currents in 
the differential amplifier by means of a bias trim poten- 
tiometer (R7 of Figure 5). 


Carrier Suppression 


Carrier suppression is defined as the ratio of each 
sideband output to carrier output for the carrier and 
signal voltage levels specified. 

Carrier suppression is very dependent on carrier input 
level, as shown in Figure 22. A low value of the carrier 
does not fully switch the upper switching devices, and 
results in lower signal gain, hence lower carrier 
suppression. A higher than optimum carrier level 
results in unnecessary device and circuit carrier feed- 
through, which again degenerates the suppression fig- 
ure. The MC1596 has been characterized with a 60 
mV(rms) sinewave carrier input signal. This level pro- 
vides optimum carrier suppression at carrier frequen- 
cies in the vicinity of 500 kHz, and is generally recom- 
mended for balanced modulator applications. 

Carrier feedthrough is independent of signal level, Vs. 
Thus carrier suppression can be maximized by operating 
with large signal levels. However, a linear operating mode 
must be maintained in the signal-input transistor pair — 
or harmonics of the modulating signal will be generated 
and appear in the device output as spurious sidebands 
of the suppressed carrier. This requirement places an 
upper limit on input-signal amplitude (see Figure 20). Note 
also that an optimum carrier level is recommended in 
Figure 22 for good carrier suppression and minimum spu- 
rious sideband generation. 

At higher frequencies circuit layout is very important 
in order to minimize carrier feedthrough. Shielding may 
be necessary in order to prevent capacitive coupling 
between the carrier input leads and the output leads. 


Signal Gain and Maximum Input Level 
Signal gain (single-ended) at low frequencies is 
defined as the voltage gain, 
Vv Ri 26 mV 
Aye = —2 = ——=— wh = 
VS "Vg ~ Rot2re ee ig (ma) 


A constant dc potential is applied to the carrier input 
terminals to fully switch two of the upper transistors 
“on” and two transistors “off” (Vc = 0.5 Vdc). This in 
effect forms a cascode differential amplifier. 

Linear operation requires that the signal input be 
below a critical value determined by Reg and the bias 
current |5. 


Vs < lI5 RE (Volts peak) 


Note that in the test circuit of Figure 10, Vg corresponds 
to a maximum value of 1 volt peak. 


Common Mode Swing 


The common-made swing is the voltage which may 
be applied to both bases of the signal differential ampli- 
fier, without saturating the current sources or without 
saturating the differential amplifier itself by swinging it 
into the upper switching devices. This swing is variable 
depending on the particular circuit and biasing condi- 
tions chosen. 


Power Dissipation 


Power dissipation, Pp, within the integrated circuit 
package should be calculated as the summation of the 
voltage-current products at each port, i.e. assuming Vg 
= V6, I5 = Ig = Ig and ignoring base current, Pp = 2 
I5 (Vg — V10) + I5 (V5 — V19) where subscripts refer 
to pin numbers. 


Design Equations 


The following is a partial list of design equations 
needed to operate the circuit with other supply voltages 
and input conditions. 

A. Operating Current 

The internal bias currents are set by the conditions at 

pin 5. Assume: 


I5 = l6 = Ig 
Ip<<lc for all transistors 
then: 


_V--@ where: Rg is the resistor between 
Abe Ip pean pin 5 and ground 
é=0.75V at Ta = +25°C 


The MC1596 has been characterized for the condition 
I5 = 1.0 mA and is the generally recommended value. 


B. Common-Mode Quiescent Output Voltage 
Ve = Vg = Vt — If RL 
Biasing 
The MC1596 requires three dc bias voltage levels 

which must be set externally. Guidelines for setting up 
these three levels include maintaining at least 2 volts 
collector-base bias on all transistors while not exceed- 
ing the voltages given in the absolute maximum rating 
table; 

30 Vdc = [(Vg, Vg) — (V7, Vg)] = 2 Vde 

30 Vde = {(V7, Vg) — (V4, V4q)) = 2.7 Vde 

30 Vde = [(V4, V4) — (V5)] = 2.7 Vde 
The foregoing conditions are based on the following 
approximations: 

V6 = Vo, V7 = Vg, V1 = V4 


Bias currents flowing into pins 1, 4, 7, and 8 are tran- 
sistor base currents and can normally be neglected if 
external bias dividers are designed to carry 1.0 mA or 
more. 


Transadmittance Bandwidth 


Carrier transadmittance bandwidth is the 3 dB 
bandwidth of the device forward transadmittance as 
defined by: 


__ ig (each sideband) 


y21C * Vg (signal) Neos 


Signal transadmittance bandwidth is the 3 dB 
bandwidth of the device forward transadmittance as 
defined by: 


Io (signal) 


= 0. Vo = 0 
io ian | ve DON EEENS 


Y21S8 =~ 


*Pin number references pertain to this device when 

packaged in a metal can. To ascertain the correspond- 
ing pin numbers for plastic or ceramic packaged 
devices refer to the first page of this specification 
sheet. 
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Coupling and Bypass Capacitors Cz and C2 


Capacitors Cz and C2 (Figure 5) should be selected for a re- 
actance of less than 5.0 ohms at the carrier frequency. 


Output Signal, Vo 


The output signal is taken from pins 6 and 9, either balanced 
or single-ended. Figure 12 shows the output levels of each of the 
two output sidebands resu!ting from variations in both the car- 
rier and modulating signal inputs with a single-ended output 
connection. 


Negative Supply, VEE 


Vee should be dc only. The insertion of an RF choke in series 
with Veg can enhance the stability of the internal current sources. 


MC1596 


Signal Port Stability 


Under certain values of driving source impedance, oscillation 
may occur. In this event, an RC suppression network should be 
connected directly to each input using short leads. This will reduce 
the Q of the source-tuned circuits that cause the oscillation. 


SIGNAL INPUT 


(PINS 1 & 4) 510 


iia 


An alternate method for low-frequency applications is to insert 
a 1kOhm resistor in series with the inputs, pins 1 and 4. In this 
case input current drift may cause serious degradation of carrier 
suppression. 


TEST CIRCUITS* 


*Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 


FIGURE 5 — CARRIER REJECTION AND SUPPRESSION 


Vcc 
+12 Vde 
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Vs MC15966 6 
MOQULATING ¢ 
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FIGURE 6 — INPUT-OUTPUT IMPEDANCE 


MC1496G 
MC1596G 


-8 Vde 


NOTE: Shielding of input and output leads may be needed 
to properly perform these tests. 


FIGURE 7 — BIAS AND OFFSET CURRENTS 
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FIGURE 8 — TRANSCONDUCTANCE BANDWIDTH 
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TEST CIRCUITS (continued) 


FIGURE 9 — COMMON MODE GAIN 
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FIGURE 10 — SIGNAL GAIN AND OUTPUT SWING 
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TYPICAL CHARACTERISTICS 


Typical characteristics were obtained with circuit shown in Figure 5, f¢ = 500 kHz (sine wave), 
Vc = 60 mV(rms), fg = 1 KHz, Vg = 300 mV(rms), Ta = +25°C unless otherwise noted. 


FIGURE 12 — SIGNAL-PORT PARALLEL-EQUIVALENT 


IGURE 11 — SIOEBAND OUTPUT versus CARRIER LEVELS 


Vc, CARRIER LEVEL (mV [rms] ) 


FIGURE 13 — SIGNAL-PORT PARALLEL-EQUIVALENT 
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INPUT CAPACITANCE versus FREQUENCY 
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cip, PARALLEL INPUT CAPACITANCE (pF) 
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Tip, PARALLEL INPUT RESISTANCE (k-OHMS) 


Top, PARALLEL OUTPUT RESISTANCE (k-OHMS) 


1.0M 
500 


INPUT RESISTANCE versus FREQUENCY 
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FIGURE 14 — SINGLE-ENDED OUTPUT 
IMPEDANCE versus FREQUENCY 
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Avg, SINGLE-ENDED VOLTAGE GAIN (dB) 
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TYPICAL CHARACTERISTICS (continued) 


Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave), 
Vc = 60 mV(rms), fg = 1 KHz, Vg = 300 mVirms), Ta = +25°C unless otherwise noted. 


FIGURE 15 — SIDEBAND AND SIGNAL PORT 
TRANSADMITTANCES versus FREQUENCY 
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FIGURE 17 — SIGNAL-PORT FREQUENCY RESPONSE 
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FIGURE 19 — CARRIER FEEDTHROUGH versus FREQUENCY 
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FIGURE 16 — CARRIER SUPPRESSION 


versus TEMPERATURE 
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FIGURE 18 — CARRIER SUPPRESSION versus FREQUENCY 
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FIGURE 20 — SIDEBAND HARMONIC SUPPRESSION 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC FIGURE 22 — CARRIER SUPPRESSION 
SIDEBANDS versus CARRIER FREQUENCY versus CARRIER INPUT LEVEL 
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OPERATIONS INFORMATION 


The MC1596/MC1496, a monolithic balanced modulator cir- 
cuit, is shown in Figure 23. 

This circuit consists of an upper quad differential amplifier 
driven by a standard differential amplifier with dual current 
sources. The output collectors are cross-coupled so that full~wave 
balanced multiplication of the two input voitages occurs. That is, 
the output signal is a constant times the product of the two input 
signals. 

Mathematical analysis of linear ac signal multiplication indi- 
cates that the output spectrum will consist of only the sum and 
difference of the two input frequencies. Thus, tne device may be 
used as a balanced modulator, doubly balanced mixer, product Sap GAIN ADJUST 
detector, frequency doubler, and other applications requiring 3 
these particular output signal characteristics. 

The lower differential amplifier has its emitters connected to (Pin numbers 
the package pins so that an external emitter resistance may be per G package) 
used. Also, external load resistors are employed at the device 
output. 


FIGURE 23 — CIRCUIT SCHEMATIC* 

9 
—O y,, OUTPUT 
-O 


48 


VEE UO 


Signal Levels 


The upper quad differential amplifier may be operated either 
in a linear or a saturated mode. The lower differential amplifier 
is Operated in a linear mode for mast applications. 

For low-level operation at both input ports, the output signal 
will contain sum and difference frequency components and have 
an amplitude which is a function cf the product of the input signal 
amplitudes. MC15966 

For high-level operation at the carrier input port and linear 
operation at the modulating signa! port, the output signal will 
contain sum and difference frequency components of the modu- 
lating signal frequency and the fundamental and odd harmonics of 
the carrier frequency. The output amplitude will be a constant 
times the modulating signal amplitude. Any amplitude variations 
in the carrier signal will not appear in the output. 


MODULATING 
SIGNAL 
INPUT 


CARRIER NULL 


*Pin number references pertain to this device when packaged ina 
meta! can. To ascertain the corresponding pin numbers for plas- 
tic or ceramic packaged devices refer to the first page of this 
specification sheet. 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-19 


MC1496, MC 1596 


OPERATIONS INFORMATION (continued) 


The linear signal handling capabilities of a differential amplifier 
are well defined. With no emitter degeneration, the maximum 
input voltage for linear operation is approximately 25 mV peak. 
Since the upper differential amplifier has its emitters internally 
connected, this voltage applies to the carrier input port for all 
conditions. 

Since the flower differential amplifier has provisions for an 
external emitter resistance, its linear signal handling range may be 
adjusted by the user. The maximum input voltage for linear op- 
eration may be approximated from the following expression: 


V “(I 5} (Re}voits peak. 


This expression may be used to compute the minimum value of 
Re for a given input voltage amplitude. 


FIGURE 25 — TABLE 1 
VOLTAGE GAIN AND OUTPUT FREQUENCIES 


Output Signal 
Frequency(s) 


Carrier Input 
Signal (Vc) 


Low-level de 
High-level dc 


Approximate 
Voltage Gain 
RL Ve 


21R_E + 2re) (T 


q 


RL Vei(rms) 
2/2(S4) (Re + 2re) 


High-level ac 


fotfm. 3fc tfu. 
Sfotfu. -- - 


The gain from the modulating signal input port to the output is 
the MC1596/MC 1496 gain parameter which is most often of interest 
to the designer. This gain has significance only when the lower 
differential amplifier is operated in a linear mode, but this includes 
most applications of the device. 

As previously mentioned, the upper quad differential amplifier 
may be operated either in a linear or a saturated mode. Approxi- 
mate gain expressions have been developed for the MC1596/ 
MC1496 for a low-level modulating signal input and the following 
carrier input conditions: 


1) Low-level dc 
2) High-level dc 
3) Low-level ac 
4) High-level ac 


These gains are summarized in Table 1, along with the fre- 
quency components contained in the output signal. 


NOTES: 

1. Low-level Modulating Signal, Vjy, assumed in all cases. 
Vc is Carrier Input Voltage. ; 

2. When the output signal contains multiple frequencies, 
the gain expression given is for the output amplitude of 
each of the two desired outputs, fc + fry and fc - fu. 

3. All gain expressions are for a single-ended output. For 

a differential output connection, multiply each expres- 

sion by two. 

Ri = Load resistance. 

Re = Emitter resistance between pins 2 and 3. 

. fe = Transistor dynamic emitter resistance, at +25°C; 


Oop 


m— 26 mV 
Te™ i5 (mA) 


7. K = Boltzmann’s Constant, T = temperature in degrees 
Kelvin, q = the charge on an electron. 


a = 26 mV at room temperature 


APPLICATIONS INFORMATION 


Double sideband suppressed carrier modulation is the basic 
application of the MC1596/MC1496. The suggested circuit for 
this application is shown on the front page of this data sheet. 

In some applications, it may be necessary to operate the 
MC 1596/MC1496 with a single dc supply voltage instead of dual 
supplies. Figure 26 shows a balanced modulator designed for 
Operation with a single +12 Vdc supply. Performance of this cir- 
cuit is similar to that of the dual supply modulator. 


AM Modulator 


The circuit shown in Figure 27 may be used as an amplitude 
modulator with a minor modification. 

All that is required to shift from suppressed carrier to AM 
operation is to adjust the carrier null potentiometer for the proper 
amount of carrier insertion in the output signal. 

However, the suppressed carrier null circuitry as shown in 
Figure 27 does not have sufficient adjustment range. Therefore, 
the modulator may be modified for AM operation by changing 
two resistor values in the null circuit as shown in Figure 28. 


Product Detector 


The MC1596/MC1496 makes an excellent SSB product detec- 
tor (see Figure 29). 


This product detector has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operating at an intermediate fre- 
quency of 9 MHz. 

The detector is broadband for the entire high frequency range. 
For operation at very low intermediate frequencies down to 50 
kHz the 0.1 UF capacitors on pins 7 and 8 should be increased to 
1.0 UF. Also, the output filter at pin 9 can be tailored to a 
specific intermediate frequency and audio amplifier input im- 
pedance. 

As in all applications of the MC1596/MC1496, the emitter 
resistance between pins 2 and 3 may be increased or decreased to 
adjust circuit gain, sensitivity, and dynamic range. 

This circuit may also be used as an AM detector by introducing 
carrier signal at the carrier input and an AM signal at the SSB 
input. 

The carrier signal may be derived from the intermediate fre- 
quency signa/ or generated locally. The carrier signal may be in- 
troduced with or without modulation, provided its level is 
sufficiently high to saturate the upper quad differential ammplifiet. 
lf the carrier signal is modulated, a 300 mVirms) input level is 
recommended. 
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APPLICATIONS INFORMATION (continued) 


Doubly Balanced Mixer Phase Detection and FM Detection 

The MC1596/MC1496 may be used as a doubly balanced The MC1596/MC 1496 will function as a phase detector. High- 
mixer with either broadband or tuned narrow band input and level input signals are introduced at both inputs. When both inputs 
output networks. are at the same frequency the MC1596/MC1496 will deliver an 

The local oscillator signal is introduced at the carrier input Output which is a function of the phase difference between the 
port with a recommended amplitude of 100 mVirms). two input signals. 

Figure 30 shows a mixer with a broadband input and a tuned An FM detector may be constructed by using the phase detec- 
Output. tor principle. A tuned circuit is added at one of the inputs to 

cause the two input signals to vary in phase as a function of fre- 

Frequency Doubler quency. The MC1596/MC 1496 will then prowde an output which 

The MC1596/MC1496 will operate as a frequency doubler by is a function of the input signal frequency. 


introducing the same frequency at both input ports. 
Figures 31 and 32 show a broadband frequency doubler and a 
tuned output very high frequency (VHF) doubler, respectively. 


TYPICAL APPLICATIONS 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 


FIGURE 26 — BALANCED MODULATOR 


{+12 Vde SINGLE SUPPLY) FIGURE 27 — BALANCED MODULATOR -DEMODULATOR 
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FIGURE 29 — PRODUCT DETECTOR 
FIGURE 28 — AM MODULATOR CIRCUIT (+12 Vde SINGLE SUPPLY) 
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TYPICAL APPLICATIONS (continued) 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 


FIGURE 30 — DOUBLY BALANCED MIXER 
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) FIGURE 31 — LOW-FREQUENCY DOUBLER 
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FIGURE 32 — 150 to 300 MHz DOUBLER 
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TECHNICAL DATA 


Product Preview 


VOICE ACTIVATED 


VOICE ACTIVATED SWITCH SWITCH 
The MC2830 circuit incorporates a microphone amplifier (MIC SILICON MONOLITHIC 
AMP), automatic level contro! (ALC) and a voice activated switch. INTEGRATED CIRCUIT 


The voice activated switch circuit has the ability to distinguish a 
voice from the background noise and trigger the switch output 
circuit by the voice signal. Therefore, the switching operation is 
highly reliable in noisy environments. The ALC range of the micro- 
phone amplifier is over 50 dB and can be adjusted by an external 
resistor. This device is particularly suitable for applications such 
as radio transceivers, car radios, message storage recorders, and 
voice controlled toys. 


@ Microphone Amplifier with External Feedback 
@ External Resistor Adjust ALC Over 50 dB 
@ Voice Activated Switch with Externally Controlled Sensitivity 


. P SUFFIX 
@ Low Voltage Operation from 1.8 to 8.0 V PLASTIC PACKAGE 


CASE 626 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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PIN CONNECTIONS 
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ORDERING INFORMATION 


| 
| 
| 
| 
| 
| 
| 
| 
L 


Current 
Reference 
et 


Temperature 
Device Range Package 
“ 
| MC2830D 0 to +70°C SO 8 
This document contains information on a product under development. Motorola reserves the right MC2830P Plastic DIP 


to change or discontinue this product without notice. 
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MAXIMUM RATINGS 


MC2830 


T t 
Rating Symbol Value Unit 
| Supply Voltage Vcc 10 Vv | 
Operation Temperature Range TA Oto +70 °C 
Storage Temperature Range Tstg —6§ to + 150 °C 
1 
Loading Current: Pin 3 lo 200 pA 
Pin 6 Iswo 2.0 mA 
ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Input Frequency = 1.0 kHz, Loading Resistor = 50 kOhm, Ta = 25°C) 
Characteristic Symbol Min Typ Max Unit 
Belt We 
i" Supply Voltage 18 | — 8.0 V 
Quiescent Current 8 ID — — 2.0 Toma_| 
=e 
MIC AMP Open Loop Gain AVOL — 80 —_— dB 
Total Harmonic Distortion of MIC AMP 3 THD ~ 1.0 _ % 
(VQ = 0.1 Vrms) 
=] + +- + — + 
Maximum MIC AMP Output Swing 3 Vo — 0.16 —_ Vrms 
ALC Range (—6.0 dB, R1 = 33k, Vin = 1.0 V) 3 | atc | 40 50 = dB 
Ripple Rejection 3 RR sate | 55 Ftc. dB 
L ct 4 
Voice Trigger Level Above Noise Vs/n _— 3.0 ae si dB 
Switch Output Current | IsSwo ‘eso — 2.0 mA 
Switch Output Voltage Vswo Vv 
(Iswo = 2.0 mA) High 4.6 — ~ 
Low _— _ 0.4 
t =! L 
PIN FUNCTION DESCRIPTION 
Pin No. Function Description “| 
1 MIC IN Input of the microphone amplifier. The gain of the amplifier is set by the external components of 
the R¢, R2, and C2 (See formula 2). 
2 NF This is the negative feedback input pin of the microphone amplifier. 
3 MiC OUT Output of the microphone amplifier. It is designed to drive a maximum load current of 200 uA. 
4 GND The ground pin. 
5 ALC This pin is for the ALC level detector filter. An RC is connected to this pin. 
6 Swo This is the output pin of the voice activated switch. A resistor at this pin sets the voice trigger 
level above the noise level. The current drain of this pin is around 20 wA typical with a switch 
“off state. The maximum output voltage level is Vcc-VcEs with a maximum output current of 
2.0 mA. As shown in Figure 3, this output is used to connect a switch time delay circuit to unify 
the “on” time. in Figure 3, C5 is the time delay capacitor which controls the “on” time of TR1. 
7 NSC The Noise Storing Capacitor at this pin sets the rise time and decay time. The rise time is 
determined by the constant of the R5C4. 
8 Vcc This pin has a low voltage operation from 1.8 to 8.0 Volts. | 
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FIGURE 2 — TEST CIRCUIT 


Mic p \ 
5.6 k 


cle oe 
Mic Int* O-———o 
SW1 10 uF 33k 


Mic Int © OVcc 
NFO 
> R¢ 100 k 
2.0 k 
sw2 von 
R2 $1.0k 
C2 ims uF 
10 uF R41.0M C3 22 uF 
Mic Out O 50 k 


FIGURE 3 — TYPICAL APPLICATION CIRCUIT 


Mic Sensitivity Control 


C6 1.0 uF 
R7 10k R3 5.6 k 
Cir) ea 
OVcc 
10 uF 33k 


Switch Output 


Mic Out 
O 
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MIC OUTPUT LEVEL 


{0 dB 


FUNCTIONAL DESCRIPTION 


As shown in the block diagram, the features provided 
by the MC2830 are the microphone amplifier with ALC 
and voice switch circuit. The detailed functional circuitry 
is described below. 


Microphone Amplifier 


The MIC AMP is a noninverting amplifier as shown 
in Figure 4. An ALC controlled resistance is connected 
to the input pin of the MIC AMP to accomplish ALC 
function. The voltage gain and ALC attenuation ratio are 
given in formulas (1) and (2): 


: Rf 
Voltage G =1+ - 
Prone eo ers Wied wy 
ALC = 20 log [Bie Bate) (2) 
Ralc 


Replacing R¢ by a Z¢ network can be formed as a band 
pass, low pass or high pass network for various 
applications. 


FIGURE 4 — MIC AMPLIFIER WITH ALC 


R¢ 


C1 
Mic In MIC AMP Out 


& ALC Control! 


A typical application circuit is shown in Figure 3, the 
ALC performance of the microphone amplifier is shown 
in Figure 5. 


FIGURE 5 — ALC CHARACTERISTICS 


0.14 Vems! 


10 mV 0.1V 
MIC INPUT LEVEL 


10V 


MC2830 


Voice Detection and Switching 


A traditional voice activated circuit design is unable 
to distinguish between voice and noise in the incoming 
signal. In a noisy environment, the switch is often mis- 
triggered by noise, or the activation sensitivity must be 
reduced. The MC2830 voice activated circuit has over- 
come this weakness in traditional designs. The switch 
is activated by voice level above the noise and is not 
affected by the background noise level. This is accom- 
plished by utilizing the differences in voice and noise 
waveforms. Voice waveforms generally have a wide 
range of variation in amplitude, whereas noise wave- 
forms are more stable. With this in mind, the NOISE 
MONITOR in Figure 1 was designed to have an output 
characteristic which has a slow attack time but a fast 
decay time. When the envelope of incoming signal, 
which consists of voice and noise, is passing through 
it, the voice will not be stable during the !ong time con- 
stant of RC (approx. 45 seconds) and it is therefore 
degraded. Whereas the noise content of incoming sig- 
nal is delayed at the rising edge of its envelope, as in 
Figure 6. Meanwhile, the envelope of the incoming sig- 
nal is passing through the DC SHIFTER path, which does 
not introduce any time constant or amplification, but 
gives the incoming signal envelope a dc offset set by 
resistor R6. 

By comparing the two signals from the output of the 
DC SHIFTER and the NOISE MONITOR, as in Figure 6, 
the voice is distinguished from the incoming signal and 
activates the switch circuit. The sensitivity of voice acti- 
vation depends on the value of R6. The voice activation 
sensitivity is reduced from 3.0 dB to 8.0 dB above the 
noise if R6 changes from 14 k to 7.0 k. 


FIGURE 6 — WAVEFORMS OF VOICE DETECTION 
AND SWITCHING 


Incoming Signal 
Pin 1 


Level Detect ee ag eee 
Pin 5 
| | 


| Noise Level Detection 


Comparator Output | Le 


Noise Monitor Output 
DC Shifter Output 


DC Level Detection 
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TECHNICAL DATA 


LOW POWER FM TRANSMITTER SYSTEM 
The MC2831A is a one-chip FM transmitter subsystem designed 


for cordless telephone and FM communication equipment. It LOW POWER 
includes a Microphone Amplifier, Pilot Tone Oscillator, Voltage FM TRANSMITTER SYSTEM 
Controlled Oscillator and Battery Monitor. 

@ Wide Range of Operating Supply Voltage (3.0 V-8.0 V) SILICON MONOLITHIC 


@ Low Drain Current (4.0 mA Typ Full Operation at INTEGRATED CIRCUIT 


Vcc = 4.0 V) 


@ Battery Checker (290 nA Typ at Vcc = 4.0 V) 
e@ Low Number of External Parts Required 


FUNCTIONAL BLOCK DIAGRAM 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


2d Variable b15 
Reactance SSORER 
PLASTIC PACKAGE 
CASE 751B 
39 Buffer O14 (SO-16) 
Vcc PIN ASSIGNMENTS 
40 —--- O13 
v a Variable 
: Reactance 
Nees Output - ‘a 
5 O—e—e- 1 VREF |—012 Decoupling z ze 
= VA Modulator 3 RF 
a Al Battery Input “4 Output 
6 Checker jae Veco [4] 13] Gnd 
Vv Mic Amp — 
cc a Input [5 Vcc1 
itch 
ns Mic Amp ra Battery 
» Output — Checker 
Jo Tone (7 LED 
Switch a 
Tone ~ g] Ose 
Output Coil 


ORDERING INFORMATION 


Temperature 
Device Range Package 


MC2831AD SO-16 
— 30°C to +75°C 
MC2831AP Plastic DIP 
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MC2831A 


MAXIMUM RATINGS (T, = 25°C, unless otherwise noted) 
fs 


Value 
10 
3.0 to 8.0 
+150 
30 to +75 
~ 65 to +150 


t Rating 
| 
Power Supply Voltage Vcc 


Operating Supply Voltage Range Vcc 


Battery Checker Output Sink Current 


Junction Temperature 


Operating Ambient Temperature Range 


Storage Temperature Range 


Characteristic 


Drain Current 


Orain Current 


BATTERY CHECKER 


— 


Threshold Voitage (LED Off — On) 


Output Saturation Voltage 
_ (Pin 11 = OV, Pin 10 Sink Current = 5.0 mA) 


MIC AMPLIFIER 


Voltage Gain, Closed Loop 
(Vin = 1.0 MVems, fin = 1.0 kHz) 


Output DC Voltage 
fA 


| Output Swing (Vin = 30 MVrms, fin = 1-0 kHz) 


Total Harmonic Distortion 
(Vg = 31 Vrms, fin = 1.0 kHz) 


PILOT TONE OSCILLATOR (250 2 LOADING) 


Output AF Voltage (fg = 5.0 kHz) VAFO 8 _ 50 [ _ mVims 
a . _— Vd 
Output DC Voltage Vode 8 { | 1.4 ts | oe 
Total Harmonic Distortion THD 8 = 1.8 5.0 % 
(fg = 5.0 kHz, Vag = 150 MVems) | | 
Tone Switch Threshold —_ 7 1.1 1.4 I 1.7 Vde 


FM MODULATOR (120 2 LOADING) 
Output RF Voltage (fg = 16.6 MHz} VRFO 14 —_ 40 ~— MVims 
i 


= 


+—~ ——+ 

Output DC Voltage Vode 14 i a 1.3 | rie 3 Vde 
Modulation Sensitivity (Note 1) SEN 3,14 6.0 10 18 Hz mVdc 

Vin = 1.0V + 0.2V 

(Vin ) ~ | [ | | 
Maximum Deviation (Note 1) Fdev 3, 14 22.5 +5.0 ~12.5 kHz 

(Vin = 0 V to +2.0 V) | 
RF Frequency Range — 14 | — [ — [ 60 | MHz 


Note 1. Modulation sensitivity and maximum deviation are measured at 49.815 MHz, which is the third harmonic of the crystal frequency. 
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MC2831A 


FIGURE 1 — TEST CIRCUIT 


—+ 
LON. 


Mis 
4.7 wH 16.605 MHz 
Mod Out 1 ae 16 
0.0047 56 pF 
por 2 15 a 
+ 47 pF ae 
Mod in o———93 14 RF Out 
120 9 (16.605 MHz) 
7 0.01 
cC2 yoy 4 13 
47 
slat MC2831A i 
Mic Amp In 5 > oV 
eek 12 5 ee cc1 
220 k : 
F Battery 
Mic Amp Out 
ee s o Checker in 
Tone Switch o—-———o7 10 ——~o LED 
0.047 L1 Toko America 
Tone Output 8 9 Vcc2 7PA Type 
| 126AN — 6708X 
250 2 ut 
+ 20 mH 
Osc Coil 
FIGURE 2 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz 
47 wH » 16.5667 MHz 
56 pF 
aR O51 pF 
~ 100 See 5.0 pF 
RF Output 
1 F 
39 pF EP 49.7 MHz 
BES 730 pF =~ 30 dBm 
= 47 H 
10 0.33 BH 0.47 w 
Dynamic » f 
Microphone + 


o Vcc = 3.0Vto8.0V 


NOTES: 


$1 is a normally closed push button type switch. 


The crystal used is fundamental mode, calibrated for parallel resonance 
with a 32 pF load. The 49.7 MHz output is generated in the output buffer, 
which generates useful harmonics to 60 MHz. 


The network on the output at Pin 14 provides output tuning and imped- 
ance matching to 50 {) at 49.7 MHz. Harmonics are suppressed by more 
than 25 dB. 


Battery checker circuit (Pins 10, 11) is not used in this application. 


Ail capacitors in microfarads, inductors in Henries and resistors in 
Ohms, unless otherwise specified. 
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TECHNICAL DATA 


Advance Information 


LOW POWER 
LOW POWER FM TRANSMITTER SYSTEM 
FM TRANSMITTER 
MC2833 is a one-chip FM transmitter subsystem designed for SYSTEM 

cordless telephone and FM communication equipment. It includes 
a microphone amplifier, voltage controlled oscillator and two aux- 
iliary transistors. 
@ Wide Range of Operating Supply Voltage (2.8-9.0 V) 
@ Low Drain Current (icc = 2.9 mA Typ) 
@ Low Number of External Parts Required 


e@ —30 dBm Power Output to 60 MHz Using Direct RF Output Pw 
16 
e +10 dBm Power Output Attainable Using On-Chip Transistor hp ae 
Amplifiers 1 


P SUFFIX D SUFFIX 
PLASTIC PACKAGE PLASTIC PACKAGE 
CASE 648 CASE 751B 

(SO-16) 


FUNCTIONAL BLOCK DIAGRAM 


PIN ASSIGNMENTS 


Variable 
Reactance 
Output 


C Variable 
Reactance 
Mic Amp 


Output 4 | 


Mic Amp 
Input 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC2833 


MAXIMUM RATINGS 


Ilo Ratings Symbol Value 
Power Supply Voltage Vcc 10 (max) 


Operating Supply Voltage Range 2.8-9.0 
+150 
~30 to +75 
—65 to +150 


Junction Temperature 


Operating Ambient Temperature 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = 4.0 V, Ta = 25°C, unless otherwise noted) 


Characteristics Symbol [Pin | Min | Typ Max Unit 
Drain Current (No input signal) Ico 10 1.7 2.9 4.3 mA 
FM MODULATOR 
Output RF Voitage (fg = 16.6 MHz) 60 | 90 130 | mVrms 
Output DC Voltage (No input signal) 2.2 2.5 2.8 Vv 
pate —_} =i} 
Modulation Sensitivity (fg = 16.6 MHz) 7.0 10 15 = |Hz/mVdc 
(Vin = 0.8 V to 1.2 V) _ _ _ 
Maximum Deviation (fg = 16.6 MHz) 3.0 5.0 10 kHz 
(Vin = 0 V to 2.0 V) = _ — 
MIC AMPLIFIER 
Closed Loop Voltage Gain (Vin = 3.0 mVrms) 27 30 33 dB 
(fin = 1.0 kHz) eee es? _ 
Output DC Voltage (No input signal) 1.1 1.4 V7 Vv 
Output Swing Voltage (Vjn = 30 mVrms) 0.8 1.2 1.6 Vp-p 
(fin = 1.0 kHz) | 
T T 
Total Harmonic Distortion (Vin = 3.0 mVrms) _— 0.15 2.0 % 
(fin = 1.0 kHz) 
AUXILIARY TRANSISTOR STATIC CHARACTERISTICS 
Characteristics Symbol Min Typ Max Unit 
+ + 
Collector Base Breakdown Voltage (Ic = 5.0 2A) ViBR)CBO 15 45 ame Vv 
Collector Emitter Breakdown Voltage (Ic = 200 uA) V(BR)CEO 10 B 15 - | V 
Collector Substrate Breakdown Voltage (Ic = 50 uA) ViBR)CSO 1S] 70 =e Vv 
L Emitter Base Breakdown Voltage (lp = 50 »A) V(BR)EBO —~ | 62 pe Vv 
Collector Base Cut Off Current (Vcg = 10 V) IcBo 200 nA 
(le = 0) 
DC Current Gain (I¢ = 3.0 mA) hee 
(VcE = 3.0 V} 
AUXILIARY TRANSISTOR DYNAMIC CHARACTERISTICS 
Current Gain Bandwidth Product (Vcg = 3.0 V) _ MHz 
(ic = 3.0 mA) 
Collector Base Capacitance (VcE = 3.0 V) _ pF 
(I¢ = 0) 
Collector Substrate Capacitance (Vcg = 3.0 V) 
(ic = 0) 
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MC2833 


FIGURE 1 — TEST CIRCUIT 


Crystal: fg 16.605 MHz 
CL 30 pF 
Co «(6.1 pF 
39 pF Rs 10 ( Max 
pF= 
Mod tn O O RF Out 


Mic Amp 


Out © Base 2 


MC2833 


220 k 


Mic Amp 0 O Emitter 2 


O Collector 2 
Emitter 1 O 


Base 10 Collector 1 


FIGURE 2 — SINGLE CHIP VHF NARROWBAND FM TRANSMITTER 


—— kt x1 


Variable 
| Reactance 


1 
Deviation Wy 

Adjust 120k 
a) Dynamic 27k 710.2 
Input Mike 


7 er 


| RF Output 
El | +5.0 to +10 dBm 
ectret { C4 (see Note 4) 
(alternate) \ C5 
Microphone I Rb1 
and biasing | 
| Erne 
Tr 1.0 uF 
NOTES: Vec = 9.0 Vde ae tantalum 
1. Compenents versus output frequency: 
Output RF X1 (MHz) Lt{#H) Li(uH) = L2 (uH) Rel Rb1 Cel Cc2 C1 C2 C3 C4 cs 
49.7 MHz 16.5667 3.3-4.7 0.22 0.22 330 390 k 33 p 33 p 33 p 470 p 33 p 47 p 220 p 
76 MHz 12.6 §.1 0.22 0.22 150 300 k 68 p 10 p 68 p 470 p 12 p 20 p 120 p 
144.6 MHz 12.05 5.6 0.15 0.10 150 220k 47p 10 p 68 p 1000 p 18 p 12 p 33 p 


2. Crystal X1 is fundamental mode, calibrated for parallel resonance with a 32 pF load. The final output frequency is generated by frequency 
multiplication within the MC2833 IC. The RF output buffer (Pin 14) and Q2 transistor are used as a frequency tripler and doubler, respectively, in all 
three transmitters. The Q1 output transistor is a linear amplifier in the 49.7 MHz and 76 MHz transmitters, and a frequency doubler in the 144 MHz 
transmitter. 

3. All coils used are 7 mm tunable shielded inductors, Toko B199SN-T10XXZ, B199KN-T10XXZ or equivalent. 


4. Power output is ~ +10 dBm for 49.7 MHz and 76 MHz transmitters, and ~ +5.0 dBm for the 144 MHz transmitter at Vcc = 8.0 V. Power output 
drops with lower Vcc. 


5. All capacitors in microfarads, inductors in Henries and resistors in Ohms unless otherwise specified. 
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FIGURE 3 — BUFFER/MULTIPLIER (X3, PIN 14) FIGURE 4 — INPUT TO DOUBLER (PIN 13) 


FIGURE 5 — DOUBLER OUTPUT 76 MHz (PIN 11) FIGURE 6 — SPECTRUM 


! 
38 MHz 76 MHz 


FIGURE 7 — OUTPUT SPECTRUM (49 MHz) FIGURE 8 — MODULATION SPECTRUM 


— 43 dB 
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MC2833 


FIGURE 9 — 144 MHz/X12 MULTIPLIER 


FIGURE 10 — CIRCUIT SIDE VIEW 
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MC2833 


FIGURE 12 — COMPONENT VIEW 
{$$$ 2.9” — | 
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NOTES: 

@ Positive artwork provided. 

®@ Drawing is 2X each dimension (final board size 1.5” x 2.0"). 

@ Drill holes must be plated to ensure making ail ground (Veg) 
connections! 

@ Resistors labelled * are used for biasing of electret microphone 
if used. 

@ Capacitors labelled “SM” are silver mica. 
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TECHNICAL DATA 


Advance Information 


LOW POWER NARROWBAND FM RECEIVER 


... includes dual FM conversion with Oscillators, Mixers, Quad- 
rature Discriminator, and Meter Drive/Carrier Detect Circuitry. The 
MC3335 also has a comparator circuit for FSK detection. 


® Complete Dual Conversion Circuitry 

Low Voltage: Vcc = 2.0 to 6.0 Vde 

Low Drain Current (Typical 3.6 mA with Vcc = 3.0 Vdc) 
Excellent Sensitivity: — 3.0 dB Input Limiting = 0.7 pV 
Externally Adjustable Carrier Detect Function 

Separate Data Shaping Output Circuitry 

Data Rate of 2000 to 35000 Baud Detectable 

60 dB RSSI Range 

Low Number of External Parts Required 


Manufactured in Motorola’s MOSAIC Process Technology 


TYPICAL APPLICATION AS A FIXED RECEIVER 


RF Input 


49.7 MHz 120 pF 


Ceramic Filter 


10.245 MHz 10.7 MHz 


Ceramic 
Filter 
455 kHz 


al Limiter 
apy 
VV 


0.001 
Recovered 


To Carrier 
Detect Indicator 


This document contains information on a new product. Specifications and information herein are 


subject to change without notice. 
MOSAIC is a trademark of Motorola, Inc. 
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LOW POWER 
DUAL CONVERSION 
FM RECEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 738 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751D 
(SO-20L) 


PIN CONNECTION AND 
FUNCTIONAL BLOCK DIAGRAM 


eral wy 


ae 13] Comparator Input 


Carrier Detect |10] 


ORDERING INFORMATION 


Device Range 


Temperature 
Package 


MC3335DW 


MC3335P 


$0O-20 
Plastic DIP 


—40° to + 85°C 


MC3335 


_ MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


: z 
Rating _| Pin Symbol Unit | 
[ Power Supply Voltage Vcc(max} 
Operating Supply Voltage Range | 
(Recommended) 
Input Voltage (Vcc > 5.0 Vdc) 1,20 


Junction Temperature —_ 


Operating Ambient Temperature Range —_ 


Storage Temperature Range —_— 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 49.7 MHz, Deviation = 3.0 kHz, Ta = 25°C, test circuit of Figure 2, 
unless otherwise noted.} 


I Characteristic Pin Min male. Typ Max Unit 
Drain Current 5 ~ 4.5 7.0 mAdc 
Input for — 3.0 dB Limiting — | _ 0.7 2.0 pVrms 
Recovered Audio (RF Signal Level = 1.0 mV) 12 — 250 _ mVrms 
Noise Output (RF Signal Level = 0 mV) 12 _ 250 — mVrms 
Carrier Detect Threshold (below Vcc) 9 — ania 0.64 ‘a ir Vdc 
Meter Drive Slope _ 100 — pA/AB 
Input for 20 dB (S + N/N) —_ —_ 1.3 _~ | pVirms 
First Mixer 3rd Order intercept (Input) —_— eas —20 — dBm 
First Mixer Input Resistance (Rp) —_— | _— 690 _ 10} 
First Mixer Input Capacitance (Cp) — _ 7.2 is =e | pF 
First Mixer Conversion Voltage Gain — — 18 _ dB 
Second Mixer Conversion Voltage Gain — _ 21 — dB 
Detector Output Resistance Wee anil lc cts ell 1.4 _— kQ 


FIGURE 1 — TEST CIRCUIT 


RF input 
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FIGURE 3 — DRAIN CURRENT, RECOVERED 
AUDIO versus SUPPLY 


FIGURE 2 — Imeter versus INPUT 
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(S+N)/N versus INPUT 


FIGURE 5 — 


FIGURE 4 — (S+N), N OF 2ND MIXER 
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FIGURE 7 — DETECTOR OUTPUT versus FREQUENCY 


FIGURE 6 — 1ST MIXER 3RD ORDER INTERMODULATION 
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CIRCUIT DESCRIPTION 


The MC3335 is a complete FM narrowband receiver 
from antenna input to audio preamp output. The low 
voltage dual conversion design yields low power drain, 
excellent sensitivity and good image rejection in nar- 
rowband voice and data link applications. 

In the typical application diagram, the first mixer 
amplifies the signal and converts the RF input to 10.7 
MHz. This IF signal is filtered externally and fed into the 
second mixer, which further amplifies the signal and 
converts it to a 455 kHz IF signal. After external band- 
pass filtering, the low IF is fed into the limiting amplifier 
and detection circuitry. The audio is recovered using a 
conventional quadrature detector. Twice-IF filtering is 
provided internally. 

The input signal level is monitored by meter drive 
circuitry which detects the amount of limiting in the 
limiting amplifier. The voltage at the meter drive pin 
determines the state of the carrier detect output which 
is active low. 


APPLICATION 


The first local oscillator can be run using a free run- 
ning LC tank, as a VCO using PLL synthesis, or driven 
from an external crystal oscillator. At higher Vcc values 
(6.0—7.0 V), it has been run to 170 MHz. The second local 
oscillator is a common base Colpitts type which is typ- 
ically run at 10.245 MHz under crystal control. 

The mixers are doubly balanced to reduce spurious 
responses. The first and second mixers have conversion 
gains of 18 dB and 22 dB (typical), respectively. Mixer 
gain is stable with respect to supply voltage. For both 
conversions, the mixer impedances and pin layout are 
designed to allow the user to employ low cost, readily 
available ceramic filters. Overall sensitivity is shown in 
Figure 5. The input level for 20 dB (S+N)/N is 1.3 pV 
using the two-pole post-detection filter is demonstrated. 


MC3335 


Following the first mixer, a 10.7 MHz ceramic band- 
pass filter is recommended. The 10.7 MHz filtered signal 
is then fed into one second mixer input pin, the other 
input pin being connected to Vcc. Pin 5 (Vcc) is treated 
as a common point for emitter-driven signals. 

The 455 kHz IF is typically filtered using a ceramic 
bandpass filter, then fed into the limiter input pin. The 
limiter has 10 nV sensitivity for — 3.0 dB limiting, flat to 
1.0 MHz. 

The output of the limiter is internally connected to 
the quadrature detector, including a quadrature capac- 
itor. A parallel LC tank is needed externally from Pin 11 
to Vcc. A 68 ki) shunt resistance is included which 
determines the peak separation of the quadrature detec- 
tor; a smaller value will increase the spacing and line- 
arity but decrease recovered audio and sensitivity. 

A data shaping circuit is available and can be coupled 
to the recovered audio output of Pin 12. The circuit is 
a comparator which is designed to detect zero crossings 
of FSK modulation. Data rates of 2000 to 35000 baud 
are detectable using the typical application. Hysteresis 
is available by connecting a high-valued resistor from 
Pin 13 to Pin 14. Values below 120 k{) are not recom- 
mended as the input signal cannot overcome the 
hysteresis. 

The meter drive circuitry detects input signal level by 
monitoring the limiting of the limiting amplifier stages. 
Figure 2 shows the unloaded current at Pin 9 versus 
input power. The meter drive current can be used 
directly (RSSI) or can be used to trip the carrier detect 
circuit at a specified input power. To do this, pick an RF 
trip level in dBm. Read the corresponding current from 
Figure 2 and pick a resistor such that: 

R10 = 0.64 Vde / 110 

Hysteresis is available by connecting a high-valued 

resistor RH between Pin 9 and 10. The formula is: 
Hysteresis = Vcc/(RH x 10-7) dB 
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WIDEBAND 
FSK 
RECEIVER 


WIDEBAND FSK RECEIVER 
SILICON MONOLITHIC 
... includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature INTEGRATED CIRCUIT 
Detector, Audio Buffer, Squelch, Meter Drive, Squelch Status out- 
put, and Data Shaper comparator. The MC3356 is designed for 
use in digital data communications equipment. 
@ Data Rates up to 500 kilobaud 


@ Excellent Sensitivity: —3 dB Limiting Sensitivity 
30 pVrms @ 100 MHz 


@ Highly versatile, full function device, yet few external parts P SUFFIX 
are required PLASTIC PACKAGE 
CASE 738 


DW SUFFIX 
PLASTIC PACKAGE yw 
CASE 751D 20 


(SO-20L) 1 


FIGURE 2 — PIN CONNECTIONS 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 


OSC Emitter 


OSC Collector 13] 118 | Data Output 


+ Comparator 


Mixer Output 5] ~ Comparator 
15] Squetch Status 


Squetch Limiter Input 14] Squetch Control 
Adjust 


M a . 
(Meter) Limiter Bias} 8| 13] Buffered Output 


Limiter Bias B ra aaa 


Quad Bias 110} 11] Quad Input 
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MAXIMUM RATINGS 


Power Supply Voltage Vecimax) 


Operating Power Supply Voltage Range (Pins 6, 10) 
Operating RF Supply Voltage Range (Pin 4) 
Junction Temperature 

Operating Ambient Temperature Range 

Storage Temperature Range 


Power Dissipation, Package Rating 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 100 MHz, fogc = 110.7 MHz, Af = +75 kHz, frog = 1.0 kHz, 50 2 
source, Ta = 25°C, test circuit of Figure 3, unless otherwise noted.) 


Mixer/Oscillator Frequency Range (Note 1) 
\F/Quadrature Detector Frequency Range (Note 1) 
AM Rejection (30% AM, RF Vin = 1.0 mVrms) 
Demodulator Output, Pin 13 

Meter Drive 

Squelch Threshold 


Note 1: Not taken in Test Circuit of Figure 3; new component values required. 


FIGURE 3 — TEST CIRCUIT 
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FIGURE 4 — OUTPUT COMPONENTS OF SIGNAL, NOISE, 


AND DISTORTION 


fm = 1.0 kHz 
Af = + 75kHz 


RELATIVE OUTPUT (dB) 
} 


i} 
92 2 8 8 B 


INPUT (mVrms) 


GENERAL DESCRIPTION 


This device is intended for single and double con- 
version VHF receiver systems, primarily for FSK data 
transmission up to 500 K baud (250 kHz). It contains an 
oscillator, mixer, limiting IF, quadrature detector, signal 
strength meter drive, and data shaping amplifier. 

The oscillator is a common base Colpitts type which 
can be crystal controlled, as shown in Figure 1, or L-C 
controlled as shown in the other figures. At higher Vcc, 
it has been operated as high as 200 MHz. A mixer/ 
oscillator voltage gain of 2 up to approximately 150 
Mhz, is readily achievable. 

The mixer functions well from an input signal of 10 
uVrms, below which the squelch is unpredictable, up 
to about 10 mVrms, before any evidence of overload. 
Operation up to 1.0 Vrms input is permitted, but non- 
linearity of the meter output is incurred, and some os- 
cillator pulling is suspected. The AM rejection above 10 
mVrms is degraded. 

The limiting IF is a high frequency type, capable of 
being operated up to 50 MHz. It is expected to be used 
at 10.7 MHz in most cases, due to the availability of 
standard ceramic resonators. The quadrature detector 
is internally coupled to the IF, and a 5.0 pF quadrature 
capacitor is internally provided. The — 3dB limiting sen- 
sitivity of the IF itself is approximately 50 ,V (at Pin 7), 
and the IF can accept signals up to 1.0 Vrms without 
distortion or change of detector quiescent dc level. 

The IF is unusual in that each of the last 5 stages of 
the 6 state limiter contains a signal strength sensitive, 
current sinking device. These are parallel connected and 
buffered to produce a signal strength meter drive which 
is fairly linear for IF input signals of 10 pV to 100 mVrms. 
(See Figure 5.) 

A simple squelch arrangement is provided whereby 
the meter current flowing through the meter load re- 
sistance flips a comparator at about 0.8 Vdc above 
ground. The signal strength at which this occurs can be 
adjusted by changing the meter load resistor. The com- 
parator( +) input and output are available to permit con- 


METER CURRENT, PIN 14 (2A) 


FIGURE 5 — METER CURRENT versus SIGNAL INPUT 


WA 


0.010 0.1 1.0 10. 100 
PIN 20 INPUT (mVrms) 


trol of hysteresis. Good positive action can be obtained 
for IF input signals of above 30 pVrms. The 130 kf 
resistor shown in the test circuit provides a small 
amount of hysteresis. Its connection between the 3.3 k 
resistor to ground and the 3.0 k pot, permits adjustment 
of squelch level without changifg the amount of 
hysteresis. 

The squelch is internally connected to both the quad- 
rature detector and the data shaper. The quadrature 
detector output, when squelched, goes to a dc level 
approximately equal to the zero signal level, un- 
squelched. The squelch causes the data shaper to pro- 
duce a high (Vcc} output. 

The data shaper is a complete ‘floating’ comparator, 
with back to back diodes across its inputs. The output 
of the quadrature detector can be fed directly to either 
input of this amplifier to produce an output that is either 
at Vcc or Veg, depending upon the received frequency. 
The impedance of the biasing can be varied to produce 
an amplifier which ‘follows frequency detuning to 
some degree, to prevent data pulse width changes. 

When the data shaper is driven directly from the de- 
modulator output, Pin 13, there may be distortion at Pin 
13 due to the diodes, but this is not important in the 
data application. A useful note in relating high/low input 
frequency to logic state: low IF frequency corresponds 
to low demodulator output. If the oscillator is above the 
incoming RF frequency, then high RF frequency will 
produce a logic low. (Input to (+)input of Data Shaper 
as shown in figures 1 and 3.) 


APPLICATION NOTES 


The MC3356 is a high frequency/high gain receiver 
that requires following certain layout techniques in de- 
signing a stable circuit configuration. The objective is 
to minimize or eliminate, if possible, any unwanted 
feedback. 
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FIGURE 6 — APPLICATION WITH FIXED BIAS ON DATA SHAPER 
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APPLICATION NOTES (continued) 


Shielding, which includes the placement of input and 
output components, is important in minimizing electro- 
static or electromagnetic coupling. The MC3356 has its 
pin connections such that the circuit designer can place 
the critical input and output circuits on opposite ends 
of the chip. Shielding is normally required for inductors 
in tuned circuits. 

The MC3356 has a separate Vcc and ground for the 
RF and IF sections which allows good external circuit 
isolation by minimizing common ground paths. 

Note that the circuits of Figures 1 and 3 have RF, 
Oscillator, and IF circuits predominantly referenced to 
the plus supply rails. Figure 6, on the other hand, shows 
a suitable means of ground referencing. The two meth- 
ods produce identical results when carefully executed. 
It is important to treat Pin 19 as a ground node for either 
approach. The RF input should be “grounded” to Pin 1 
and then the input and the mixer/oscillator grounds (or 
RF Vcc bypasses) should be connected by a low induct- 
ance path to Pin 19. IF and detector sections should also 


MC3356 


Compt -} Comp{ )Squelch Squelch Demod Demod Quad 
Status Control 


OVor40V 


Car. Det. Out 


3.3k 


Out Filter Input 


Quad 
Bias 


Limiter Limiter Limiter 
Input Bias Bias 


have their bypasses returned by a separate path to Pin 
19. Vcc and RF Vcc can be decoupled to minimize feed- 
back, although the configuration of Figure 3 shows a 
successful implementation on a common 5.0 V supply. 
Once again, the message is: define a supply node and 
a ground node and return each section to those nodes 
by separate, low impedance paths. 

The test circuit of Figure 3 has a 3 db limiting level 
of 30 2V which can be lowered 6 db by a 1:2 untuned 
transformer at the input as shown in figures 6 and 7. 
For applications that require additional sensitivity, an 
RF amplifier can be added, but with no greater than 20 
db gain. This will give a 2.0 to 2.5 pV sensitivity and any 
additional gain will reduce receiver dynamic range with- 
out improving its sensitivity. Although the test circuit 
operates at +5.0 V, the mixer/oscillator optimum per- 
formance is at +8.0 V to 12 V. A minimum of +8.0 V 
is recommended in high frequency applications (above 
150 MHz), or in PLL applications where the oscillator 
drives a prescaler. 
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FIGURE 7 — APPLICATION WITH SELF-ADJUSTING BIAS ON DATA SHAPER 
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APPLICATION NOTES (continued) 


Depending on the external circuit, inverted or non- changed to a circuit configuration as shown in Figure 
inverted data is available at Pin 18. Inverted data makes 7. In Figure 7 the reference voltage for the comparator 
the higher frequency in the FSK signal a ‘one’ when the is derived from the demodulator output through a low 
local oscillator is above the incoming RF. Figure 6 sche- pass circuit where 7 is much lower than the lowest fre- 
matic shows the comparator with hysteresis. In this cir- quency data rate. This and similar circuits will compen- 
cuit the dc reference voltage at Pin 17 is about the same sate for small tuning changes (or drift) in the quadrature 
as the demodulated output voltage (Pin 13) when no detector. 
signal is present. This type circuit is preferred for sys- 
tems where the data rates can drop to zero. Some sys- Squelch status (Pin 15) goes high (squelch off) when 
tems have a low frequency !imit on the data rate, such the input signal becomes greater than some preset level 
as systems using the MC3850 ACIA that has a start or set by the resistance between Pin 14 and ground. Hys- 
stop bit. This defines the low frequency limit that can teresis is added to the circuit externally by the resistance 
appear in the data stream. Figure 6 circuit can then be from Pin 14 to Pin 15. 
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FIGURE 8 
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...tcludes Oscillator, Mixer, Limiting Amplifier, Quadrature 
Discriminator, Active Filter, Squelch, Scan Control, and Mute 
Switch. The MC3357 is designed for use in FM dual conversion 
communications equipment. 


@ Low Drain Current (3.0 mA (Typ) @ Veg = 6.0 Vde) 


@ Excellent Sensitivity: Input Limiting Voltage — 
(-3.0 dB) = 5.0 nV (Typ) 


@ Low Number of External Parts Required 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 


Rating 


Drain Current 
Squelch Off 
Squelch On 


Detector Output Impedance 


Recovered Audio Output Voltage 
(Vin = 10 mV) 


Filter Gain (10 kHz) 
(Vin = 5 mv) 
Filter Output Voltage 
Trigger Hysteresis 
Mute Function Low 
Mute Function High 


Scan Function Low (Mute Off) 
(V12= 2 Vde) 


| 150 | 


Scan Function High (Mute On) 13 
(V42 = Gnd) 


Mixer Conversion Gain 
Mixer Input Resistance 
Mixer Input Capacitance 


Vcc = 6.0 Vde 
dos MF 
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CIRCUIT DESCRIPTION 


The MC3357 is a low power FM IF circuit designed 
primarily for use in voice communication scanning 
receivers. 

The mixer-oscillator combination converts the input 
frequency (e.g., 10.7 MHz) down to 455 kHz, where, after 
external bandpass filtering, most of the amplification 
is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal 
is indicated by the presence of noise above the desired 
audio frequencies. This ‘noise band” is monitored by 
an active filter and a detector. A squelch trigger circuit 
indicates the presence of noise (or a tone) by an output 
which can be used to control scanning. At the same 
time, an internal switch is operated which can be used 
to mute the audio. 

The oscillator is an internally-biased Colpitts type with 
the collector, base, and emitter connections at Pins 4, 
1, and 2 respectively. A crystal can be used in place of 
the usual coil. 

The mixer is doubly-balanced to reduce spurious re- 
sponses. The input impedance at Pin 16 is set by a 3.0 
kQ. internal biasing resistor and has low capacitance, 
allowing the circuit to be preceded by a crystal filter. 
The collector output at Pin 3 must be dc connected to 
B+, below which it can swing 0.5 V. 

After suitable bandpass filtering (ceramic or LC) the 
signal goes to the input of a five-stage limiter at Pin 5. 
The output of the limiter at Pin 7 drives a multiplier, 


both internally directly, and externally through a quad- 
rature coil, to detect the FM. The output at Pin 7 is also 
used to supply dc feedback to Pin 5. The other side of 
the first limiter stage is decoupled at Pin 6. 

The recovered audio is partially filtered, then buffered 
giving an impedance of around 400 2 at Pin 9. The 
signal still requires de-emphasis, volume control and 
further amplification before driving a loudspeaker. 

A simple inverting op amp is provided with an output 
at Pin 11 providing dc bias (externally) to the input at 
Pin 10 which is referred internally to 2.0 V. A filter can 
be made with external impedance elements to discrim- 
inate between frequencies. With an external AM detec- 
tor the filtered audio signal can be checked for the pres- 
ence of noise above the normal audio band, or a tone 
signal. This information is applied to Pin 12. 

An external positive bias to Pin 12 sets up the squelch 
trigger circuit such that Pin 13 is low at an impedance 
level of around 60 kQ, and the audio mute (Pin 14) is 
open circuit. If Pin 12 is pulled down to 0.7 V by the 
noise or tone detector, Pin 13 will rise to approximately 
0.5 Vdc below supply where it can support a load current 
of around 500 pA and Pin 14 is internally short-circuited 
to ground. There is 100 mV of hysteresis at Pin 12 to 
prevent jitter. Audio muting is accomplished by con- 
necting Pin 14 to a high-impedance ground-reference 
point in the audio path between Pin 9 and the audio 
amplifier. 
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FIGURE 3 — CIRCUIT SCHEMATIC 
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... includes oscillator, mixer, limiting amplifier, AFC, quadrature 
discriminator, op/amp, squelch, scan control, and mute switch. 
The MC3359 is designed to detect narrowband FM signals using 
a 455 kHz ceramic filter for use in FM dual conversion commu- 
nications equipment. The MC33539 is similar to the MC3357 except 
that the MC3359 has an additional limiting IF stage, an AFC output, 
and an opposite polarity Broadcast Detector. The MC3359 also 
requires fewer external parts. For low cost applications requiring 
Vcc below 6.0 V, the MC3361BP,BD are recommended. For appli- 
cations requiring a fixed, tuned, ceramic quadrature resonator, 
use the MC3357. For applications requiring dual conversion and 
RSSI, refer to these devices; MC3335, MC3362 and MC3363. 


@ Low Drain Current: 3.6 mA (Typ) @ Vcc = 6.0 Vde 


®@ Excellent Sensitivity: Input Limiting Voltage — 
~3.0 dB = 2.0 nV (Typ) 


@ Low Number of External Parts Required 
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FIGURE 2 — PIN CONNECTIONS AND 
FUNCTIONAL BLOCK DIAGRAM 
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FIGURE 1 — TYPICAL APPLICATION IN A SCANNER RECEIVER 
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MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 


i ee ee 
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ELECTRICAL CHARACTERISTICS (Vcc = 6.0 Vdc, fo = 10.7 MHz, Af = +3.0 kHz, fmog = 1.0 kHz, 50 0 source, 
Ta = 25°C test circuit of Figure 3, unless otherwise noted) 


Characteristics Min Typ Max Units 
6 
4 


Drain Current (Pins 4 and 8) Squeich Off 3. 6.0 mA 
Squelch On 5. 


7.0 
Input for 20 dB Quieting 
Input for —3.0 dB Limiting 


a 


Mixer Voltage Gain (Pin 18 to Pin 3, Open) 
Mixer Third Order Intercept, 50 © Input 


Recovered Audio, Pin 10 
(Input Signal 1.0 mVrms) 


Detector Center Frequency Slope, Pin 10 Sie _— 
AFC Center Slope, Pin 11, Unloaded 

Filter Gain (test circuit of Figure 3) 
Squelch Threshold, Through 10K to Pin 14 


Scan Control Current, Pin 15 Pin 14 — High _— 0.01 

— Low 2.0 2.4 
Mute Switch Impedance Pin 14 — High = 5.0 
Pin 16 to Ground — Low 1.5 


FIGURE 3 — TEST CIRCUIT 
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FIGURE 4 — MIXER VOLTAGE GAIN 


FIGURE 5 — LIMITING I.F. FREQUENCY RESPONSE 
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FIGURE 10 — OUTPUT COMPONENTS OF 
SIGNAL, NOISE, AND DISTORTION 
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FIGURE 12 — L/C OSCILLATOR, TEMPERATURE 
AND POWER SUPPLY SENSITIVITY 
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FIGURE 14 — L/C OSCILLATOR RECOMMENDED 
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FIGURE 11 — AUDIO OUTPUT AND TOTAL 
CURRENT DRAIN versus SUPPLY VOLTAGE 
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FIGURE 13 — OP AMP GAIN AND PHASE RESPONSE 
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FIGURE 15 — THE OP AMP AS A BANDPASS FILTER 
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FIGURE 16 — CIRCUIT SCHEMATIC 


6SEEOIN 


MC3359 


CIRCUIT DESCRIPTION 


The MC3359 is a low-power FM IF circuit designed primarily 
for use in voice-communication scanning receivers. It is also 
finding a place in narrowband data links. 

In the typical application (Figure 1), the mixer-oscillator com- 
bination converts the input frequency (10.7 MHz) down to 455 
kHz, where, after external bandpass filtering, most of the am- 
plification is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal is in- 
dicated by the presence of noise above the desired audio fre- 
quencies. This ‘“‘noise band” is monitored by an active filter 
and a detector. A squelch-trigger circuit indicates the presence 
of noise (or a tone) by an output which can be used to control 
scanning. At the same time, an internal switch is operated 
which can be used to mute the audio. 


APPLICATION 


The oscillator is an internally biased Colpitts type with the 
collector, base, and emitter connections at Pin 4, 1, and 2, re- 
spectively. The crystal is used in fundamental mode, calibrated 
for parallel resonance at 32 pF load capacitance. In theory this 
means that the two capacitors in series should be 32 pF, but 
in fact much larger values do not significantly affect the os- 
cillator frequency, and provide higher oscillator output. 

The oscillator can also be used in the conventional L/C Col- 
pitts configuration without loss of mixer conversion gain. This 
oscillator is, of course, much more sensitive to voltage and 
temperature as shown in Figure 12. Guidelines for choosing L 
and C values are given in Figure 14. 

The mixer is doubly balanced to reduce spurious responses. 
The mixer measurements of Figure 4 and 6 were made using 
an external 50 2 source and the internal 1.8 k at Pin 3. Voltage 
gain curves at several Vcc voltages are shown in Figure 4. The 
Third Order Intercept curves of Figure 6 are shown using the 
conventional dBm scales. Measured power gain (with the 50 
Q input) is approximately 18 dB but the useful gain is much 
higher because the mixer input impedance is over 3 kN. Most 
applications will use a 330 1 10.7 MHz crystal filter ahead of 
the mixer. For higher frequencies, the relative mixer gain is 
given in Figure 8. 

Following the mixer, a ceramic bandpass filter is recom- 
mended. The 455 kHz types come in bandwidths from +2 kHz 
to + 15 kHz and have input and output impedances of 1.5 k to 
2.0 k. For this reason, the Pin 5 input to the 6 stage limiting IF 


has an internal 1.8 k resistor. The IF has a 3 dB limiting sen- 
sitivity of approximately 100 «V at Pin 5 and a useful frequency 
range of about 5 MHz as shown in Figure 5. The frequency 
limitation is due to the high resistance values in the IF, which 
were necessary to meet the low power requirement. The out- 
put of the limiter is internally connected to the quadrature de- 
tector, including the 10 pF quadrature capacitor. Only a parallel 
UC is needed externally from Pin 8 to Vcc. A shunt resistance 
can be added to widen the peak separation of the quadrature 
detector. 

The detector output is amplified and buffered to the audio 
output, Pin 10, which has an output impedance of approxi- 
matley 300 9. Pin 9 provides a high impedance (50 k) point in 
the output amplifier for application of a filter or de-emphasis 
capacitor. Pin 11 is the AFC output, with high gain and high 
output impedance (1 M). If not needed, it should be grounded, 
or it can be connected to Pin 9 to double the recovered audio. 
The detector and AFC responses are shown in Figure 7. 

Overall performance of the MC3359 from mixer input to au- 
dio output is shown in Figure 9 and 10. The MC3359 can also 
be operated in “single conversion” equipment; i.e., the mixer 
can be used as a 455 kHz amplifier. The oscillator is disabled 
by connecting Pin 1 to Pin 2. In this mode the overall perfor- 
mance is identical to the 10.7 MHz results of Figure 9. 

A simple inverting op amp is provided with an output at Pin 
13 providing dc bias (externally) to the input at Pin 12, which 
is referred internally to 2.0 V. A filter can be made with external 
impedance elements to discriminate between frequencies. 
With an external AM detector, the filtered audio signal can be 
checked for the presence of either noise above the normal 
audio, or a tone signal. 

The open loop response of this op amp is given in Figure 
13. Bandpass filter design information is provided in Figure 15. 

A low bias to Pin 14 sets up the squelch-trigger circuit such 
that Pin 15 is high, a source of at feast 2.0 mA, and the audio 
mute (Pin 16) is open-circuit. If Pin 14 is raised to 0.7 V by the 
noise or tone detector, Pin 15 becomes open circuit and Pin 
16 is internally short circuited to ground. There is no hysteresis. 
Audio muting is accomplished by connecting Pin 16 to a high- 
impedance ground-reference point in the audio path between 
Pin 10 and the audio amplifier. No dc voltage is needed, in fact 
it is not desirable because audio “thump” would result during 
the muting function. Signal swing greater than 0.7 V below 
ground on Pin 16 should be avoided. 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-55 


MOTOROLA 


= SEMICONDUCTOR xox 
TECHNICAL DATA 


Advance Information 


LOW POWER NARROWBAND FM IF 


... includes Oscillator, Mixer, Limiting Amplifier, Quadrature Dis- 
criminator, Active Filter, Squelch, Scan Control, and Mute Switch. 
The MC3361B is designed for use in FM dual conversion com- 
munications equipment. 


@ Operates from 2.0 V to 8.0 V 
@ Low Drain Current 3.9 mA Typ @ Vcc = 4.0 Vde 


e Excellent Sensitivity: Input Llmiting Voltage — 
—3.0 dB = 2.6 uV Typ 


@ Low Number of External Parts Required 


MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 


=o ae 
Operating Ambient Temperature Range ze a —30 to +70 
Storage Temperature Range —65 to + 150 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Vcc = 4.0 Vdc, fg = 10.7 MHz, Af = +3.0 kHz, frog = 1.0 kHz, Ta = 25°C 
unless otherwise noted.) 
Sa a T . 
Characteristic Pin Min Typ Sal, Max Units 


| Drain Current (No Signal) 4 


Squelch Off 
Squelch On 


Input Limiting Voltage 
| (—3.0 dB Limiting) 


Recovered Output Voltage (No Input Signal) 


Detector Output Impedance 


Total Harmonic Distortion 


Drop Voltage AF Gain Loss 


Recovered Audio Output Voltage 
(Vin = 10 mV) 


Filter Gain (10 kHz) 
(Vin = 0.3 mV) 


Filter Output Voltage 


Trigger Hysteresis 


Mute Function Low 


Mute Function High 


Scan Function Low (Mute Off) 
(V42 = 1.0 Vdc) 


Scan Function High (Mute On) 
(V12 = Gnd) 


Mixer Input Resistance 
Mixer Input Capacitance 


FIGURE 2 — TEST CIRCUIT 


O Mixer Input 
10.7 MHz 


O Audio Mute 


FL1 — muRata 
Erie North America 
CFU455D2 
or Equivalent 


O Scan Control 


(-9 Filter Amp In 


+ 
1.0 uF 
Quad Coil 5 ey: 
Toko Type AR 0.01 ws 
0.1 uF I : 
7MC-8128Z or a iQuad Coil 
Equivalent = L---- 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-57 


MOTOROLA 
m= SEMICONDUCTOR oxy 
TECHNICAL DATA 


Advance Information 


LOW-POWER 
DUAL CONVERSION 
LOW-POWER NARROWBAND FM RECEIVER FM RECEIVER 
...includes dual FM conversion with oscillators, mixers, quad- SILICON MONOLITHIC 
rature discriminator, and meter drive/carrier detect circuitry. The INTEGRATED CIRCUIT 


MC3362 also has buffered first and second local oscillator outputs 
and a comparator circuit for FSK detection. 


® Complete Dual Conversion Circuitry 
Low Voltage: Vcc = 2.0 to 6.0 Vdc 
Low Drain Current (3.6 mA (Typ) @ Vcc = 3.0 Vdc) 


® Excellent Sensitivity: Input Limiting Voltage — 
(—3.0 dB) = 0.7 nV (Typ) 
Externally Adjustable Carrier Detect Function P SUFFIX 
: PLASTIC PACKAGE 
Low Number of External Parts Required CASE 724 


Manufactured in Motorola’s MOSAIC Process Technology 
See AN980 for Additional Design Information 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751E 
(SO-24L) 


RF Input FIGURE 1 — TYPICAL APPLICATION IN A PLL FREQUENCY 
to 200 MHz SYNTHESIZED RECEIVER 


FIGURE 2 — PIN CONNECTIONS AND 
FUNCTIONAL BLOCK DIAGRAM 
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MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 


Power Supply Voltage (See Diagram) 


Operating Supply Voltage Range (Recommended) 
input Voltage (Vcc = 5.0 Vdc) 


Junction Temperature 


Operating Ambient Temperature Range 


—40 to +85 
—65 to +150 


= 
| Tn 
ss 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 49.7 MHz, Deviation = 3.0 kHz, Ta = 25°C, Test Circuit of Figure 3 
unless otherwise noted) 


Tt —T eas 

Characteristic Pin Min | Typ Max Units | 
Drain Current (Carrier Detect Low — See Figure 5) 6 — 4.5 
Input for - 3.0 dB Limiting _— _— 
Recovered Audio (RF signal level = 10 mV) 13 _ 
Noise Output (RF signal level = 0 mV) 13 _ 
Carrier Detect Threshold (below Vcc) 10 _ 0.64 _ Vde 
Meter Drive Slope 10 _ 100 — nA/dB 
Input for 20 dB (S+N)/N (See Figure 7) —_— =, 24 0.7 = | pVrms 
First Mixer 3rd Order Intercept (Input) _— — —22 _— dBm 
First Mixer Input Resistance (Rp) a = 690 = 
First Mixer Input Capacitance (Cp) — — 7.2 [ _— pF 
First Mixer Conversion Voltage Gain — aren | 18 — dB 
Second Mixer Conversion Voltage Gain _— _— 21 ay (7 dB 
Detector Output Resistance 13 — 1.4 — kQ 


FIGURE 3 — TEST CIRCUIT 
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FL2 C— or 


Toko LFC-4551 


FL2: 
muRata SFE10.7MA 
or 
0.1 Toko SK107M3-A0-10 
Toko RMC-2A6597HM + 1.0 
Vcc o O VEE 
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FIGURE 4 — IMmETER versus INPUT FIGURE 5 — DRAIN CURRENT, RECOVERED AUDIO versus SUPPLY 
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FIGURE 8 — 1ST MIXER 3RD ORDER INTERMODULATION 
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FIGURE 10 — PC BOARD TEST CIRCUIT 
(LC Oscillator Configuration Used in PLL Synthesized Receiver) 
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0.01 ‘keep 0.7 V = V23 < Vcc) 
Vcc = 2.0to 7.0 Vde = i ts 


(This network must be tuned to exactly 


22 
Zi fo. B 10.7 MHz above or below the incoming 
(v) RF signal. NOTE: The IF is rolled off 


above 10.7 MHz to reduce L.O. feedthrough.) 


O 3 
120 p 50 ll 
ll Ey 
10.245, Fund. Mode 
32 pF Load | 5 | 


First Local Oscillator 


Buffered Output 


455 kHz | cry 3.0 k 
Cer. Filt. = CRF1 = muRata CFU 455X — the X 
= to Vcc suffix denotes 6.0 dB bandwidth. 
CRF2 Rin = Rout = 1.5 to 2.0 kQ. 


ae CRF2 = muRata SFA10.7 MEF5 or 
17 


SFE10.7 or equivalent. Rin = Rout 
= 330 1. Crystal filters can be 
1 used but impedance matching will 
| need to be added to ensure proper 
| filter characteristics are realized. 
P 
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FIGURE 10A — CRYSTAL OSCILLATOR CONFIGURATION FOR SINGLE CHANNEL APPLICATION 


Crystal used is series mode resonant 

(no load capacity specified), 3rd overtone. 

This method has not proven adequate for 
fundamental mode, 5th or 7th overtone crystals. 
The inductor and capacitor will need to be 
changed for other frequency crystals. See 
AN980 for further information. 
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FIGURE 11 — COMPONENT PLACEMENT VIEW 
SHOWING CRYSTAL OSCILLATOR CIRCUIT 
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Output. 

2. Carrier Detect components must be deleted in order to obtain linear 
Meter Drive output. With these components in place the Meter Drive 
Outputs serve only to trip the Carrier Detect indicator. 

3. Data Output components should be deleted in applications where 
only audio modulation is used. For combined audio/data applica- 
tions, the 0.047 «F coupling capacitor will add distortion to the audio, 
$o a pull-down resistor at pin 13 may be required. 

4. Toko 5SVLC0637BGT 5mm quadrature coil for miniaturization. Use 
Toko RMC2A6597HM high quality 10mm coil for maximum 
recovered signal at pin 13. 


CIRCUIT DESCRIPTION 

The MC3362 is a complete FM narrowband receiver 
from antenna input to audio preamp output. The low 
voltage dual conversion design yields low power drain, 
excellent sensitivity and good image rejection in nar- 
rowband voice and data link applications. 

In the typical application (Figure 1), the first mixer 
amplifies the signal and converts the RF input to 10.7 
Mbz. This IF signal is filtered externally and fed into the 
second mixer, which further amplifies the signal and 
converts it to a 455 kHz IF signal. After external band- 
pass filtering, the low IF is fed into the limiting amplifier 
and detection circuitry. The audio is recovered using a 
conventional quadrature detector. Twice-lF filtering is 
provided internally. 

The input signal level is monitored by meter drive 
circuitry which detects the amount of limiting in the 
limiting amplifier. The voitage at the meter drive pin 
determines the state of the carrier detect output, which 
is active low. 


FIGURE 11A — LC OSCILLATOR COMPONENT VIEW 


5. Meter Drive cannot be used simultaneously with Carrier Detect out- 
put. For analog meter drive, remove components labelled ‘2’’ and 
measure meter current (4-12 4A) through ammeter to Vcc. 

6. Either type of oscillator circuit may be used with any output circuit 
configuration. 

7. LC Oscillator Coil: Coilcraft UNI 10/42 10.& turns, 0.41 wH Crystal 
Oscillator circuit: trim coil, 0.68 wH, Toko B199SNT1051Z 

8. 0.47 nH, Toko B199SNT1050Z. Input LC network used to match first 
mixer input impedance to 50 2). 


APPLICATION 

The first local oscillator can be run using a free- 
running LC tank, as a VCO using PLL synthesis, or 
driven from an external crystal oscillator. It has been 
run to 190 MHz.* A buffered output is available at Pin 
20. The second local oscillator is a common base Col- 
pitts type which is typically run at 10.245 MHz under 
crystal control. A buffered output is available at Pin 
2. Pins 2 and 3 are interchangeable. 

The mixers are doubly balanced to reduce spurious 
responses. The first and second mixers have conver- 
sion gains of 18 dB and 22 dB (typical), respectively, 
as seen in Figure 6. Mixer gain is stable with respect 
to supply voltage. For both conversions, the mixer 
impedances and pin layout are designed to allow the 
user to employ low cost, readily available ceramic fil- 
ters. Overall sensitivity and AM rejection are shown 
in Figure 7. The input level for 20 dB (S+N)/N is 0.7 
zV using the two-pole post-detection filter pictured. 


*If the first local oscillator (Pins 21 and/or 22) is driven from a 
strong external source (100 mVrms), the mixer can be used 
to over 450 MHz. 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-62 


MC3362 


Following the first mixer, a 10.7 MHz ceramic band- 
pass filter is recommended. The 10.7 MHz filtered sig- 
nal is then fed into one second mixer input pin, the 
other input pin being connected to Vcc. Pin 6 (Vcc) 
is treated as a common point for emitter-driven 
signals. 

The 455 kHz IF is typically filtered using a ceramic 
bandpass filter then fed into the limiter input pin. The 
limiter has 10 pV sensitivity for —3.0 dB limiting, flat 
to 1.0 MHz. 

The output of the limiter is internally connected to 
the quadrature detector, including a quadrature 
capacitor. A parallel LC tank is needed externally from 
Pin 12 to Vcc. A 68 k© shunt resistance is included 
which determines the peak separation of the quad- 
rature detector; a smaller value will increase the spac- 
ing and linearity but decrease recovered audio and 
sensitivity. 

A data shaping circuit is available and can be cou- 
pled to the recovered audio output of Pin 13. The cir- 
cuit is a comparator which is designed to detect zero 


crossings of FSK modulation. Data rates are typically 
limited to 1200 baud to ensure data integrity and avoid 
adjacent channel “splatter.” Hysteresis is available by 
connecting a high valued resistor from Pin 15 to Pin 
14. Values below 120 kf. are not recommended as the 
input signal cannot overcome the hysteresis. 

The meter drive circuitry detects input signal level 
by monitoring the limiting amplifier stages. Figure 4 
shows the unloaded current at Pin 10 versus input 
power. The meter drive current can be used directly 
(RSSI) or can be used to trip the carrier detect circuit 
at a specified input power. To do this, pick an RF trip 
level in dBm. Read the corresponding current from 
Figure 4 and pick a resistor such that: 


R19 = 0.64 Vde / 119 


Hysteresis is available by connecting a high valued 
resistor Ry between Pins 10 and 11. The formula is: 


Hysteresis = Vcc/(Ry x 10~7) dB 


FIGURE 12 — CIRCUIT SIDE VIEW 
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TECHNICAL DATA 


LOW POWER DUAL CONVERSION FM RECEIVER 


The MC3363 is a single chip narrowband VHF FM radio receiver. 
It is a dual conversion receiver with RF amplifier transistor, oscil- 
lators, mixers, quadrature detector, meter drive/carrier detect and 
mute circuitry. The MC3363 also has a buffered first local oscillator 
output for use with frequency synthesizers, and a data slicing 
comparator for FSK detection. 
@ Wide Input Bandwidth — 200 MHz Using Internal Local Oscillator 
— 450 MHz Using External Local Oscillator 
RF Amplifier Transistor 
Muting Operational Amplifier 
Complete Dual Conversion 
Low Voltage: Vcc = 2.0 V to 6.0 Vdc 
Low Drain Current: Ic¢ = 3.6 mA (Typ) at Vcc = 3.0 V, 
Excluding RF Amplifier Transistor 
@ Excellent Sensitivity: Input 0.3 nV (Typ) for 12 dB SINAD 
Using Internal RF Amplifier Transistor 


@ Data Shaping Comparator 


@ Received Signal Strength Indicator (RSS!) with 60 dB 
Dynamic Range 


@ Low Number of External Parts Required 
@ Manufactured in Motorola’s MOSAIC Process Technology 


LOW POWER 
DUAL CONVERSION 
FM RECEIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


al 


4 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751F 
(SO-28L) 


FIGURE 1 — PIN CONNECTIONS AND FUNCTIONAL 


BLOCK DIAGRAM 


ist Mixer Input [7] 


6) Ist LO Tank 


1st LO Tank 


1st LO Output 


1st Mixer Output 


2nd Mixer Input 
2nd Mixer Input 


VEE 


Mute Output 
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Comparator Input 


Recovered Audio 


Mute Input 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


[Symbol | Vaiue 


Rating 
Power Supply Voltage 


Operating Supply Voltage Range 
(Recommended) 


Input Voltage (Vcc = 5.0 Vdc) 
Mute Output Voltage 


2.0 to 6.0 


| vi-2g [| 10 | 
Ty 


Vi 


5 
no 


Vdc 
Vde 
Vpk 
P ty | 60 ee 
Storage Temperature Range °C 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 49.7 MHz, Deviation = +3.0 kHz, Ta = 25°C, Mod 1.0 kHz, 
test circuit of Figure 2 unless otherwise noted) 


Junction Temperature 


Qperating Ambient Temperature Range 


6|6 Ba 
° 


Characteristic 
Drain Current (Carrier Detect Low) 
— 3.0 dB Limiting Sensitivity (RF Amplifier Not Used) 
20 dB S/N Sensitivity (RF Amplifier Not Used) 
Ist Mixer Input Resistance (Parallel — Rp) 
1st Mixer Input Capacitance (Parallel — Cp) 


ist Mixer Conversion Voltage Gain (Ayc1, Open Circuit) 
2nd Mixer Conversion Voltage Gain (Ayc2, Open Circuit) 
2nd Mixer Input Sensitivity (20 dB S/N) (10.7 MHz i/p) 
Limiter Input Sensitivity (20 dB S/N) (455 kHz i/p) 

RF Transistor DC Current Drain 

Recovered Audio (RF Signal Level = 1.0 mV) 

Noise Output Level (RF Signai = 0 mV) 

THD of Recovered Audio (RF Signal = 1.0 mV) 

Detector Output Impedance 


= 


™N S 
° NS N 


Data (Comparator) Output Voltage — High 
— Low 


~ 


Data (Comparator) Threshold Voltage Difference 


-_ 


== 
NTN [oO CO 
siN bec 
oOo oO 


Meter Drive Slope 
Carrier Detect Threshold (Below Vcc) 


Mute Output Impedance — High 
— Low 
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1st Mixer Input 
50 MHz © 


Vcc = 5.0 Vde 
O 


FIGURE 2 — TEST CIRCUIT 
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agar ae 
L= 680 uH O Carrier Detect Output 
C = 180 pF 


CRF 1: muRata SFE 10.7 mA 
or Equivalent 


CRF 2: muRata CFU 455D 


L1 0.41 wH or Equivalent 


L1: Coilcraft UNI 10/142 10% Turns 
LC1: Toko RMC2A6597HM 
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CIRCUIT DESCRIPTION 

The MC3363 is a complete FM narrowband receiver 
from RF amplifier to audio preamp output. The low volt- 
age dual conversion design yields low power drain, 
excellent sensitivity and good image rejection in nar- 
rowband voice and data link applications. 

In the typical application, the input RF signal is ampli- 
fied by the RF transistor and then the first mixer ampli- 
fies the signal and converts the RF input to 10.7 MHz. 
This IF signal is filtered externally and fed into the sec- 
ond mixer, which further amplifies the signal and con- 
verts it to a 455 kHz IF signal. After external bandpass 
filtering, the low IF is fed into the limiting amplifier and 
detection circuitry. The audio is recovered using a con- 
ventional quadrature detector. Twice-IF filtering is pro- 
vided internally. 

The input signal level is monitored by meter drive 
circuitry which detects the amount of limiting in the 
limiting amplifier. The voltage at the meter drive pin 
determines the state of the carrier detect output, which 
is active low. 


APPLICATION 

The first local oscillator is designed to serve as the 
VCO in a PLL frequency synthesized receiver. The 
MC3363 can operate together with the MC145166/7 to 
provide a two-chip ten channel frequency synthesized 
receiver in the 46/49 cordless telephone band. The 
MC3363 can also be used with the MC14515X series of 
CMOS PLL synthesizers and MC120XX series of ECL 
prescalers in VHF frequency synthesized applications to 
200 MHz. 

For single channel applications the first local oscil- 
lator can be crystal controlled. The circuit of Figure 4 
has been used successfully up to 60 MHz. For higher 
frequencies an external oscillator signal can be injected 
into Pins 25 and/or 26 — a level of approximately 100 
mVrms is recommended. The first mixer’s transfer char- 
acteristic is essentially flat to 450 MHz when this 
approach is used (keeping a constant 10.7 MHz IF fre- 
quency). The second local oscillator is a Colpitts type 
which is typically run at 10.245 MHz under crystal 
control. 

The mixers are doubly balanced to reduce spurious 
responses. The first and second mixers have conversion 
gains of 18 dB and 21 dB (typical), respectively. Mixer 
gain is stable with respect to supply voltage. For both 
conversions, the mixer impedances and pin layout are 
designed to allow the user to employ low cost, readily 
available ceramic filters. 

Following the first mixer, a 10.7 MHz ceramic band- 
pass filter is recommended. The 10.7 MHz filtered signal 
is then fed into the second mixer input Pin 21, the other 
input Pin 22 being connected to Vcc. 

The 455 kHz IF is filtered by a ceramic narrow band- 
pass filter then fed into the limiter input Pin 9. The limiter 
has 10 pV sensitivity for —3.0 dB limiting, flat to 1.0 
MHz. 


NOTE: For further application and design information, refer to AN980. 


The output of the limiter is internally connected to 
the quadrature detector, including a quadrature capac- 
itor. A parallel LC tank is needed externally from Pin 14 
to Vcc. A 68 kOhm shunt resistance is included which 
determines the peak separation of the quadrature detec- 
tor; a smaller value will lower the Q and expand the 
deviation range and linearity, but decrease recovered 
audio and sensitivity. 

A data shaping circuit is available and can be coupled 
to the recovered audio output of Pin 16. The circuit is 
a comparator which is designed to detect zero crossings 
of FSK modulation. Data rates of 2000 to 35000 baud 
are detectable using the comparator. Best sensitivity is 
obtained when data rates are limited to 1200 baud max- 
imum. Hysteresis is available by connecting a high-val- 
ued resistor from Pin 17 to Pin 18. Values below 120 
kOhm are not recommended as the input signal cannot 
overcome the hysteresis. 

The meter drive circuitry detects input signal level by 
monitoring the limiting of the limiting amplifier stages. 
Figure 5 shows the unloaded current at Pin 12 versus 
input power. The meter drive current can be used 
directly (RSSI) or can be used to trip the carrier detect 
circuit at a specified input power. 

A muting op amp is provided and can be triggered 
by the carrier detect output (Pin 13). This provides a 
carrier level triggered squelch circuit which is activated 
when the RF input at the desired input frequency falls 
below a preset level. The level at which this occurs is 
determined by the resistor placed between the meter 
drive output (Pin 12) and Vcc. Values between 80-130 
kOhms are recommended. This type of squelch is pic- 
tured in Figures 3 and 4. 

Hysteresis is available by connecting a high-valued 
resistor Rh between Pins 12 and 13. The formula is: 


Hyst = Vcc/ (Rh x 10-7) dB 


The meter drive can also be used directly to drive a 
meter or to provide AGC. A current to voltage converter 
or other linear buffer will be needed for this application. 

A second possible application of the op amp would 
be in a noise triggered squelch circuit, similiar to that 
used with the MC3357/MC3359/MC3361B FM IFs. In this 
case the op amp would serve as an active noise filter, 
the output of which would be rectified and compared 
to a reference on a squelch gate. The MC3363 does not 
have a dedicated squelch gate, but the NPN RF input 
stage or data shaping comparator might be used to 
provide this function if available. The op amp is a basic 
type with the inverting input and the output available. 
This application frees the meter drive to allow it to be 
used as a linear signal strength monitor. 

The circuit of Figure 4 is a complete 50 MHz receiver 
from antenna input to audio preamp output. It uses few 
components and has good performance. The receiver 
operates on a single channel and has input sensitivity 
of <0.3 nV for 12 dB SINAD. 
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FIGURE 3 — TYPICAL APPLICATION IN A PLL FREQUENCY SYNTHESIZED RECEIVER 


Vcc = 5.0 Vde 
O 


T1 0.41 pH 


CRF1: muRata SFE 10.7M 
CRF2: muRata CFU 455D 
LC1: Toko RMC2A6597HM 


RF Input 
49.670 to 
49.970 MHz 9.01 


From PLL Phase Detector 


= To 
MC145166/7 
‘eae M 23 0.1 uF + hep oo <= 
39) ; 10 wF 3.0k ‘Synthesizer oO 
W 
Hi o 
= WwW 
20) 
119) 
| Vcc (Regulated) 
118) Data Output 
Pull-Up Resistor 
1.0 #H Volume Control Sah I0-2OR 
i = ete 
Mute 0.01 — 
= | Cr 
Control 15) 0.01 a L = 0.08 pH 
20 k co 
= ae 
Pin 25 
as Recovered Audio fosc 200 MHz 
1.0 nH Output 


Pin 24 


Note: Pull Up resistor is 
used to run the oscillator above 50 MHz. 
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FIGURE 4 — SINGLE CHANNEL NARROWBAND FM RECEIVER AT 49.67 MHz 
RF Input 
49.67 MHz 
500 MC3363DW 
0.01 


39 pF 1.0 k pF 


1.0 
—_> 
= 0.22 nH 1.0 


2.0-7.0 Vde L.O. Out 
Vcc (optional) 
ately 
8.0 2 Spk 
Squelch pkr 
Adjust 
MC34119D 


F1 — 455 kHz ceramic filter, Rin = Rout = 1-5 kf to 2.0 kQ 
MuRata CFU455X or CFW455X, suffix denotes bandwidth 
F2 — 10.7 MHz ceramic filter, Rin = Rout = 330 2 
MuRata SFE10.7MJ-A, SFA10.7MF5, or SFE10.7MS2A. 
F2X — 10.7 MHz crystal filter, FOX 10M20A or equivalent. 
Crystal fitters improve adjacent channel and second 
Carrier =a 0 uF image (unwanted 48.76 MHz) rejection. Sensitivity is 
: degraded very slightly with this circuit. 
ale LC1 — 455 kHz quadrature tank circuit; Toko RMC2A6597HM or 
= 5SVLC-0637BGT 
P1 — Volume control, miniature potentiometer, logarithmic 
taper. 
X11 — 10.245 MHz fundamental mode crystal, load capacity 
32 pF. 
: X2 — 38.97 MHz, 3rd overtone crystal, series mode. 
Standard 10.7 MHz Filter 0.68 4H adjustable coil; Toko B199SN-T1051Z 
0.22 x.H adjustable coil; Toko B199SN-T1048Z 
Vcc - VLED 


RLED 


Detect 
aN Indicator 


RLED is used to adjust LED current: ILED ~ 
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FIGURE 5 — CIRCUIT SCHEMATIC 
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FIGURE 6 — PC BOARD COMPONENT VIEW miabhE7= ee BORRD GRE 
WITH HIGH PERFORMANCE CRYSTAL FILTER CIRCUIT SIDE VIEW 
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FIGURE 8 — PC BOARD COMPONENT SIDE GROUND PLANE 
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LOW VOLTAGE 
LOW VOLTAGE FM NARROWBAND RECEIVER SINGLE CONVERSION 
... With single conversion circuitry including oscillator, mixer, IF FM RECEIVER 
amplifiers, limiting IF circuitry, and quadrature discriminator. The 
MC3367 is perfect for narrowband audio and data applications up SILICON MONOLITHIC 
to 75 MHz which require extremely low power consumption. Bat- INTEGRATED CIRCUIT 


tery powered applications down to Vcc = 1.1 V are possible. The 
MC3367 also includes an on-board voltage regulator, low battery 
detection circuitry, a receiver enable allowing a power down 
“sleep mode,” two undedicated buffer amplifiers to allow simul- 
taneous audio and data reception, and a comparator for enhanc- 
ing FSK (Frequency Shift Keyed) data reception to 1200 baud. 

@ Low Supply Voltage: Vcc = 1.1 to 3.0 Vde 

@ Low Power Consumption: Pp = 1.5 to 5.0 mW 

@ Input Bandwidth 75 MHz 
e 


Excellent Sensitivity: Input Limiting Voltage for 12 dB 


Sinad = 0.5 uVrms from Conjugated Matched Source DW SUFFIX 
Voltage Regulator Available (Source Capability 3.0 mA) ag ae 
Receiver Enable to Allow Active/Standby Operation (SO-28L} 


Low Battery Detection Circuitry 

Self Biasing Audio Buffer with Nominal Gain Ay = 4.0 
Data Buffer with Nominal Gain Ay = 3.2 

FSK Data Shaping Comparator Included 

Standard 28-Lead Surface Mount (SOIC) Package 


PIN CONNECTIONS 


Data Buffer Out 
FIGURE 1 — BLOCK DIAGRAM 
26 | Data Buffer In 


: ; 25 | 1st iF Amp Out 
iw a | : Vv 
Quadrature a Output cc3 
‘ass 
Demodulator Filter Buffe; 
. Emit. 1st IF Amp In 


Audio Buffer Out 


Voltage Audio Buffer In 
Regulator 


20| Low Battery Det. 

Main 
Current 
Reference 


Low 
Battery 
Detector 

Quad Tank 


Demod. Gnd Receiver Enable 


Comparator I/P 15 Comparator O/P 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-73 


MC3367 


MAXIMUM RATINGS (Voltages with respect to Pins 8 and 13; Ta = 25°C) 


a ie ae 
en 
[ba Buterinput SSSSSC~dSC 
= 
ea 
ai 


Devices should not be operated at or out- 
side these values. The ‘‘Recommended 
Operating Limits’’ provide for actual 
device operation. 


RECOMMENDED OPERATING CONDITIONS 
Se 
OorVcc 


Receiver Enable Voltage fee = Mee | 
19 Open or Vcc 
RF Input Signal Level 3 0.001 to 100 


Ambient Temperature 0 to 70 
ELECTRICAL CHARACTERISTICS (Vcc = 1.3 V, fo = 10.7 MHz, fmod = 1.0 kHz, Deviation = 3.0 kHz, Ta = 25°C, 


Test Circuit of Figure 2 unless otherwise noted) 


OVERALL MC3367 PERFORMANCE 


Drain Current — Pin 15 = Vcc 
— Pin 15 = 0 Vde 


14 


Mixer Input Resistance (Rp) —_ 3.0 = kQO 
Mixer input Capacitance (Cp) a = 9.0 _ pF 


FIRST IF AMPLIFIER 


First F Amp Voltage Gain a ee 25 — dB 


AUDIO BUFFER 
Voltage Gain 


Input Resistance 


Maximum Input for Undistorted Output 
Maximum Output Swing 
Output Resistance 
DATA BUFFER 


Voltage Gain 


Input Resistance 


Maximum Input for Undistorted Output (< 3% THD) a eee ee, 


Maximum Output Swing 
Output Resistance 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Vcc = 1.3 V, fo = 10.7 MHz, fmod = 1.0 kHz, Deviation = 3.0 kHz, 
Ta = 25°C, Test Circuit of Figure 2 unless otherwise noted) 


Characteristic Pin Min Typ | Max | Units | 


COMPARATOR 
Minimum Input for Triggering 14 
Maximum Input Frequency (RL = 100 kQ) 14 
Rise Time (10-90%; RL = 100 kQ) 15 
Fall Time (90-10%; RL = 100 kQ) _ | 15 


LOW BATTERY DETECTOR 
Low Battery Trip Point 


Low Battery Output — Vcc = 
—Vcc = 1.3 V 20 


VOLTAGE REGULATOR 
Regulated Output (see Figure 6) 


Source Capability 


RF/IF Input 


502 MC34119D Vec2 


Low Power 
Audio Amplifier 


RL = 800 
5.1 kb to 32.0 
Audio 
= Output 
{300 to 
3000 Hz) 
O VREG 
0 Enable 
16 O i 
C Disable OVec 
Data 
Output 
(0 to 60 Hz) 
4.7 
NOTES: 
1. FL1 and FL2 are 455 kHz ceramic bandpass filters, which should have 4. Cc1 and Cc3 are RF coupling capacitors and should have < 20 0 
input and output impedances of 1.5 kQ2 to 2.0 k{2. Suggested part impedance at the desired input and oscillator frequencies. 
numbers are muRata CFU455X or CFW455X — the 'X” suffix denotes 5. Cc2 provides “tight coupling” of the oscillator signal into the mixer, 
bandwidth. and should have a ~ 3.0 kf to 5.0 kN. impedance at the desired local 
2. LC1 is a 455 kHz LC resonator. Recommended part numbers are Toko oscillator frequency. 
America RMC2A6597HM or SSVLC-0637BGT (smaller). The evatua- 6. Capacitors labelled Cg are bypass capacitors and should have < 20 0 
tion board layout shown provides for use of either resonator. Ceramic impedance at the desired RF and local oscillator frequencies. 
discriminator elements cannot be used with the MC3367 due to their 7. The network of L1, C1 and C2 provides impedance matching of the 
low input impedance. The damping resistor value can be raised to mixer input (nominally 3.0 kN shunted by 9.0 pF) to 50 © at the 
increase the recovered audio or lowered to increase the quadrature desired RF/IF input frequency. This will allow for bench testing of 
detector’s bandwidth and linearity — practical limits are approxi- the receiver from typical RF signal generators or radio service mon- 
mately 27 kQ to 75 kf). Typically the quadrature detector’s bandwidth itors, but additional or different matching will be required to maxi- 
should match the low IF filter’s bandwidth. mize receiver sensitivity when used in conjunction with an antenna, 
3. The data buffer is set up as a low-pass filter with a corner frequency RF preamplifier or mixer. 


of approximately 200 Hz. The audio buffer is a bandpass filter with 
corner frequencies of 300 Hz and 3.0 kHz. The audio amplifier pro- 
vides bass suppression. 


MOTOROLA LINEAR/INTERFACE DEVICES 


8-75 


MC3367 


FIGURE 3 — RECOVERED AUDIO versus SUPPLY FIGURE 4 — DRAIN versus SUPPLY 
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FIGURE 7 — REGULATED OUTPUT AND RECOVERED AUDIO FIGURE 8 — BUFFER AMPLIFIER GAINS versus 
versus TEMPERATURE TEMPERATURE 
3 3.95 3.6 
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a > > 
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o 9 oS 
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2e iB 
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ee s 
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Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 9 — CURRENT DRAIN versus TEMPERATURE 


TOTAL CURRENT DRAIN (mAdc) 


~55 -3 0 42 «+502 +750 +1002 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — MC3367DW DEMONSTRATION RECEIVER 


Alternate input circuit 
for 72 MHz receiver. 


eral [eflealele@l[eale[ale| | 
[io Hees wii | Shon [2-80 pF| 10 oF | wonF| so oF [10KeF] SopF | 03 uF | Open | 
Fas me [oe a] 12 nH [5-26 pF] Open | aor | sonF |r oKoF] 10 oF [10KnF| 10K | 
[72 wie [022 wa wi|s-25 pF| Open | voor [aoe [470 F| 10 9F | «70pF| 10% | 


Volume Control: CRL B12503SL 

Vcc: 1.1 V to 3.0 V 

Vcc2: 2.0 V to 16 V 

Speaker: 8.0 9 to 32:9 

J1: Jumper — install for 1.2 V operation. Leave open for 2.4 V operation. 
{Cs mount on circuit side (back) of PC board. 

C3, C4 must be 5% silver mica 
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FIGURE 11 — BOTTOM (CIRCUIT) SIDE 
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FIGURE 13 — CIRCUIT SCHEMATIC 
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CIRCUIT DESCRIPTION 

The MC3367 is an FM narrowband receiver capable 
of operation to 75 MHz. The low voltage design yields 
low power drain and excellent sensitivity in narrowband 
voice and data link applications. In the typical applica- 
tion the mixer amplifies the incoming RF or IF signal 
and converts this frequency to 455 kHz. The signal is 
then filtered by a 455 kHz ceramic filter and applied to 
the first intermediate frequency (IF) amplifier input, 
before passing through a second ceramic filter. The 
modulated IF signal is then applied to the limiting IF 
amplifier and detector circuitry. Modulation is 
recovered by a conventional quadrature detector. The 
typical modulation bandwidth available is 3.0 to 5.0 kHz. 

Features available include buffers for audio/data 
amplification and active filtering, on board voltage reg- 
ulator, low battery detection circuitry with program- 
mable level, and receiver disable circuitry. The MC3367 
is an FM utility receiver to be used for voice and/or 
narrowband data reception. it is especially suitable 
where extremely low power consumption and high 
design flexibility are required. 


APPLICATION 

The MC3367 can be used as a high performance FM 
IF for use in low power dual conversion receivers. 
Because of the MC3367’s extremely good sensitivity 
(0.6 nV for 20 dB (S+N)/N, see Figure 5), it can also 
be used as a stand alone single conversion narrow- 
band receiver to 75 MHz for applications not sensitive 
to image frequency interference. An RF preamplifier 
will likely be needed to overcome preselector losses. 

The oscillator is a Colpitts type which must be run 
under crystal control. For fundamental mode crystals 
choose resonators, parallel resonant, for a 32 pF load. 
For higher frequencies, use a 3rd overtone series 
mode type. The coil (L2) and Rp resistor are needed 
to ensure proper operation. 

The best adjacent channel and sensitivity response 
occur when two 455 kHz ceramic filters are used, as 
shown in Figure 2. Either can be replaced by a 0.1 pF 
coupling capacitor to reduce cost, but some degrada- 
tion in sensitivity and/or stability is suspected. 

The detector is a quadrature type, with the connec- 
tion from the limiter output to the detector input pro- 
vided internally as with the MC3359 and the MC3361. 
A 455 kHz LC tank circuit must be provided externally. 
One of the tank pins (Pin 11) must be decoupled using 
a 0.1 uF capacitor. The 56 kQ damping resistor (see 
Figure 2}, determines the peak separation of the detec- 
tor (and thus its bandwidth). Smaller values will 
increase the separation and bandwidth but decrease 
recovered audio and sensitivity. 

The data buffer is a noninverting amplifier with a 
nominal voltage gain of 3.2 V/V. This buffer needs its 
dc bias (approx. 250 mV) provided externally or else 
debiasing will occur. A single-pole RC filter, as shown 
in Figure 5, connecting the recovered audio output to 
the data buffer input provides the necessary dc bias and 
some post detection filtering. The buffer can also be 
used as an active filter. 


The audio buffer is a noninverting amplifier with a 
nominal voltage gain of 4.0 V/V. This buffer is self- 
biasing so its input should be ac coupled. The two 
buffers, when applied as active filters, can be used 
together to allow simultaneous audio and very low 
speed data reception. Another possible configuration 
is to receive audio only and include a noise-triggered 
squelch. 

The comparator is a noninverting type with an open 
collector output. Typically, the pull-up resistor used 
between Pin 15 and Vcc is 100 kM. With Ry = 100 kO 
the comparator is capable of operation up to 25 kHz. 
This circuit is self-biasing, so its input should be ac 
coupled. 

The regulator is a 0.95 V reference capable of sourcing 
3.0 mA. This pin (Pin 17) needs to be decoupled using 
a 1.0-10 «F capacitor to maintain stability of the 
MC3367. 

Ail three Vccs on the MC3367 (Vcc, Vcc2, Vec3) run 
on the same supply voltage. Vcc is typically decoupled 
using capacitors only. Vcc2 and Vcc3 should be 
bypassed using the RC bypasses shown in Figure 2. 
Eliminating the resistors on the Vcc2 and Vcc3 
bypasses may be possible in some applications, but a 
reduction in sensitivity and quieting will likely occur. 

The low battery detection circuit gives an NPN open 
collector output at Pin 20 which drops low when the 
MC3367 supply voltage drops below 1.1 V. Typically it 
would be pulled up via a 100 kf) resistor to supply. 

The 1.2 V Select pin, when connected to the MC3367 
supply, programs the low battery detector to trip at Vcc 
< 1.1 V. Leaving this pin open raises the trip voltage on 
the low battery detector. 

Pin 16 is a receiver enable which is connected to Vcc 
for normal operation. Connecting this pin to ground 
shuts off receiver and reduces current drain to Icc < 
0.5 pA. 


APPENDIX 


Design of 2nd Order Sallen-Key Low Pass Filters 


ee R1 C1 | Low Pass Output 
0 to fo Hz 
R2 - C2 z f = ls fo) 


= Bias 


The audio and data buffers can easily be configured as 
active low pass filters using the circuit configuration 
shown above. The circuit has a center frequency (fo) 
and quality factor (Q) given by the following: 


R2C2 | R1C2 eae [Ret 
RIC1 ~ R2C1 R2C2 

If possible, let R1 = R2 or C1 = C2 to simplify the above 
equations. Be sure to avoid a negative QO value to pre- 
vent instability. Setting Q = 1/\/2 = 0.707 yields a max- 
imally flat filter response. 
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Audio Buffer Design 


Data Buffer Design 
The data buffer is designed as follows: The audio buffer is designed as follows: 
fo = 200 Hz fo = 3000 Hz 
C1 = C2 = 0.01 uF R1 = R2 = 8.2 kN 
Q = 0.707 (target) Q = 0.707 (target) 
K = 4.0 (audio buffer open loop voltage gain) 


K = 3.2 (data buffer open loop voltage gain) 


Setting C1 = C2 yields: Setting R1 = R2 yields: 
1 


1 
fo = Sre1VRIRD fo 2nR1\/Cic2 


0 = ee a SE 
R2 Ri 2 
Fe 2x) | 2 atin) C2 


Iteration yields C2 = 2.65 (C1) to make Q = 0.707. 


Iteration yields R2 = 4.2 (R1) to make Q = 0.707. 
Substitution into the equation for fg yields: 


Substitution into the equation for fg yields: 
Ri = 38 kf (use 39 kQ) C1 = 3900 pF 
R2 = 4.2 (R1) = 180 kQ C2 = 2.65 (C1) = 0.01 uF 
R1 = R2 = 8.2 kN 


C1 = C2 = 0.01 uF 
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WIDEBAND FSK RECEIVER WIDEBAND 
The MC13055 is intended for RF data link systems using carrier FSK 
frequencies up to 40 MHz and FSK (frequency shift keying) data RECEIVER 
rates up to 2.0M Baud (1.0 MHz). This design is similar to the 
MC3356, except that it does not include the oscillator/mixer. The MONOLITHIC SILICON 
IF bandwidth has been increased and the detector output has been INTEGRATED CIRCUIT 


revised to a balanced configuration. The received signal strength 
metering circuit has been retained, as has the versatile data slicer/ 
comparator. 


@ Input Sensitivity 20 nV @ 40 MHz 

@ Signal Strength Indicator Linear Over 3 Decades 
@ Available in Surface Mount Package 

@ Easy Application, Few Peripheral Components 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


é 


P 
D SUFFIX 
PLASTIC PACKAGE 
CASE 751B 
(SO-16) 


FIGURE 1 — BLOCK DIAGRAM AND APPLICATION CIRCUIT 
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: Vcc 
; IF Ground 
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MAXIMUM RATINGS 


Rating 


MC13055 


Power Supply Voltage 


15 
3.0 to 12 


| Operating Supply Voltage Range 


Junction Temperature 


Operating Ambient Temperature Range 


150 


—40 to +85 


Storage Temperature Range 


Power Dissipation, Package Rating 


—65 to + 150 
1.25 


ELECTRICAL CHARACTERISTICS (Vcc = 


5.0 Vdc, fg = 40 MHz, fmod = 1-0 MHz, Af = +1.0 MHz, 


Ta = 25°C, test circuit of Figure 2) 


Characteristics 


b 


Total Drain Current 


Data Comparator Pull-Down Current 
}—— 


Meter Drive Slope versus Input 


Carrier Detect Pull-Down Current 


Carrier Detect Pull-Up Current 


Carrier Detect Threshold Voltage 


DC Output Current 


Recovered Signal 


5.0 MHz 


110, 111 
vio - V11 


Sensitivity for 20 dB S+N/N, BW = 
S+N/N at Vin = 50 pV 


Input Impedance @ 40 MHz 


Quadrature Coil Loading 


Vv10 - V11 
Pin 5, Ground 


Pin 9 to 8 


Carrier 
Detect Output 


O Meter Drive 


Detector 
Output 
O) 


Coils — Shielded 

Coilcraft UNI-10/142 

L1 Gray 8-1/2 Turns, nominal 300 nH 
L2 Black 10-1/2 Turns, nominal 380 nH 


or 
TOKO Series E526HNA 
L1 Part No. 100301 
L2 Part No. 100079 
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All curves taken with test conditions of ELECTRICAL CHARACTERISTICS, unless otherwise noted 


FIGURE 3 — OVERALL GAIN, NOISE, AM REJECTION FIGURE 4 — METER CURRENT versus SIGNAL 
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FIGURE 5 — UNTUNED INPUT: LIMITING SENSITIVITY FIGURE 6 — UNTUNED INPUT: METER CURRENT 
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RELATIVE AUDIO OUTPUT V10 (dB) 


MC13055 


FIGURE 10 — CARRIER DETECT THRESHOLD 
FIGURE 9 — RECOVERED AUDIO versus TEMPERATURE versus TEMPERATURE 


CARRIER DETECT THRESHOLD, PIN 12 (mV) 


-60 -4)0 ~—20 0 20 40 60 80 100 120 140 —60 —40 —20 0 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 11 — METER CURRENT versus TEMPERATURE FIGURE 12 — INPUT LIMITING versus TEMPERATURE 


METER CURRENT, PIN 12 (2A) 
INPUT LIMITING SENSITIVITY (dBm) 
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FIGURE 13 — APPLICATION PRINTED CIRCUIT BOARD 
(Bottom View, Circuit of Figure 1) 
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GENERAL DESCRIPTION 

The MC13055 is an extended frequency range FM IF, 
quadrature detector, signal strength detector and data 
shaper. It is intended primarily for FSK data systems. 
The design is very similar to MC3356 except that the 
oscillator/mixer has been removed, and the frequency 
capability of the IF has been raised about 2:1. The de- 
tector output configuration has been changed to a bal- 
anced, open-collector type to permit symmetrical drive 
of the data shaper (comparator). Meter drive and 
squelch features have been retained. 

The limiting IF is a high frequency type, capable of 
being operated up to 100 MHz. It is expected to be used 
at 40 MHz in most cases. The quadrature detector is 
internally coupled to the IF, and a 2.0 pF quadrature 
capacitor is internally provided. The 20 dB quieting sen- 
sitivity is approximately 20 uV, tuned input, and the IF 
can accept signals up to 220 mVrms without distortion 
or change of detector quiescent dc level. 

The IF is unusual in that each of the last 5 stages of 
the 6 stage limiter contains a signal strength sensitive, 
current sinking device. These are parallel connected and 
buffered to produce a signal strength meter drive which 


is fairly linear for IF input signals of 20 nV to 20 mVrms. 
(See Figure 4.) 

A simple squelch arrangement is provided whereby 
the meter current flowing through the meter load resis- 
tance flips a comparator at about 0.8 Vdc above ground. 
The signal strength at which this occurs can be adjusted 
by changing the meter load resistor. The comparator( +) 
input and output are available to permit control of hys- 
teresis. Good positive action can be obtained for IF input 
signals of above 20 uVrms. A resistor R from Pin 13 to 
Pin 12 will provide Vcc/R of feedback current. This cur- 
rent can be correlated to an amount of signal strength 
hysteresis by using Figure 4. 

The squelch is internally connected to the data shaper. 
Squelch causes the data shaper to produce a high (Vcc) 
output. 

The data shaper is a complete “floating” comparator, 
with diodes across its inputs. The outputs of the quad- 
rature detector can be fed directly to either or preferably 
both inputs of the comparator to produce a squared 
output swinging from Vcc to ground in inverted or non- 
inverted form. 
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In Brief... 


...feflecting Motorola’s continuing commitment to 
semiconductor products necessary for consumer sys- 
tem designs. This tabulation is arranged to simplify first- 
order selection of consumer integrated circuit devices 
that satisfy the primary functions for home entertain- 
ment products, including Television, Hi-Fi Audio and 
AM/FM Radio. 


Consumer 
Electronic Circuits 


Selector Guide 
Entertainment Radio Receiver 
CCUG: 6 ad Sone ad iad eas 
Video Circuits .................0.. 
Remote Control Circuits........... 


Alphanumeric Index................. 
Related Application Notes........... 
Data Sheets <2 2... ec saw ci elves 


Consumer Electronic Circuits 


Entertainment Radio Receiver Circuits 


C-QUAM® AM Stereo Decoders 
| cast 


P/738 MC13020 
Advanced AM Stereo Decoder DW/751F MC13022 


AM Front End P/738 MC13023 
AM Stereo Personal Radio P/724 MC13024 


@ rated Po 
mV Typ 


MC13060 


D/751 MC34119 
P/626 


Tone 
Control Attenuation 
THD Range Range Package 
% dB Typ dB Typ Suffix 


05 Max | 
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MC13024 


Stereo/ 
Signal Level 
Lamp 


MC34119 


C-QUAM Portable Receiver 


When AM stereo broadcasting was sanctioned by the 
F.C.C. in 1982, there were five different systems vying for 
user approval. Since then C-QUAM® has become the 
defacto standard in the U.S.A., with over 700 stations 
“on the air” as the market and broadcasters recognize 
its performance advantages. it is the legal standard in 
Canada, Australia and Brazil where A.M. is the dominant 
radio medium. C-QUAM is available from nearly 50 auto- 
mobile radio makers and a dozen home receiver builders. 


Based on the field-proven C-Quam performance, 
Motorola has developed a low-cost, high performance 
C-Quam AM Stereo Decoder chip, with fully compati- 
ble, no-compromise mono performance, as the basis 
for both broadcast and receiving equipment. Additional 
IC components from Motorola’s inventory offer a single 
supply source for state-of-the-art radio receiver 
designs. New products cover virtually every type of 
receiver — home, auto, and personal portable. 


Radio Circuits (See Communications Section} 


Video Circuits 


Modulators 


Function 


Package 


Features Suffix 


Color TV Video Modulator 


RF Oscillator and Modulator 


at 


‘626 MC1373 


TV Modulator (High Quality) 
Video RGB to PAL/NTSC Encoder 


Switch Selectabie 


is 


RF Oscillator’‘Modulator, and FM Sound Oscillator/Modulator 
RGB and Sync Inputs, Composite Video Out — PAL/NTSC 


MC1374 
MC1377 


Video Synchronizer ; Complete Color TV Video Overlay Synchronizer MC1378 
Demodulators 

Color Processor PAL/NTSC Input, RGB Output, also RGB Inputs, Plus Fast P'711 TDA3301B 
| Blanking Input. Ideal for Text, Graphics, Overlays | TDA3303 

Color Processor a PAL:NTSC !tnput, RGB Outputs, On-Chip Hue Control P'724 TDA3330 | 

Color Processor PAL‘NTSC Input, Color Difference Outputs On-Chip Hue Control P'707 TDA3333 | 

Chroma 4 Multi-Standard Full PAL: SECAM-NTSC Capability, Dual Composite or S-VHS P/711 MC44000* 

Decoder Inputs, RGB Outputs, Digital Control! of all On-Chip Functions 


*To be introduced 
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VIDEO CIRCUITS (continued) 


Tuning System 


Package 
iP Function Features | Suffix Device 
Remote Control Amplifier | Infrared Diode Signal Amplifier Shaper P/626 MC3373 | 
[ PLL-Tuning Circuit TV Tuning System — Prescaler — M-Bus Control DW/751C [ MC44802 
_| 
Remote Control Receiver Infrared Preamplifier P/626 MC44520* 
Deflection 
Horizontal Processor Linear Balanced Phase Detector, Oscillator and Predriver, P/626 MC1391 
Adjustable dc Loop Gain, Adjustable Duty Cycle 
Sound 
Sound IF Detector Interchangeable with ULN2111A P/646 MC1357 
_ { 
Sound IF, Low Pass Filter, Complete TV Sound System; 100 nV, 3 dB Limiting Sensitivity; P/648C TDA3190 
Detector, dc Volume Control, 4 Watts Output; Vcc = 24V; RL = 160 
Preamplifier 
Transistor Arrays 
'c(max) VcEO VcBo VEBO Package 
Function mA Volts Max | Volts Max | Volts Max LL Suffix | Device 
One Differentially Connected Pair and Three 50 15 20 5.0 P/646 MC3346 
Isolated Transistors D/751A 
(con 
Dual Independent Differential Amplifiers with 50 15 20 5.0 P/646 CA3054 
Associated Constant Current Transistors 
| : 
General Purpose H/V Array 50 30 40 5.0 D/751A CA3146 
Television Subsystems 
Package 
Function Features Suffix Device 
MONOMAX — 1-Chip Video IF, Detector, AGC, Video Amplifier, Horizontal Processor, P/710 MC13001X 
Black and White TV Vertical Processor, and Sync For 525 Line Systems 
Subsystem = Same as Above Except For 625 Line Systems P/710 MC13002X 
Sound IF, Low Pass Filter, Complete TV Sound System; 100 uV, 3 dB Limiting Sensitivity; P/648C TDA3190 
Detector, dc Volume Control, 4 Watts Output; Vcc = 24V; RE = 16 
Preamplifier, Power Amplifier 
Video IF Amplifiers 
Package 
Function Features Suffix Device 
1st and 2nd Video IF Amplifier IF Gain «@ 45 MHz = 50 dB typ, AGC Range = 60 dB min P/626 MC1350 
3rd IF, Video Detector, Video Low Level Detection, Low Harmonic Generation P/626 MC1330A 
i Buffer, and AFC Buffer L 
— 
SAW Preamp, IF Amplifier, Complete Video IF or Parallel Sound IF System Complete AFT P/707 MC13010 
| Detector, AGC, AFC System with Simple Quadrature Detector | | 
Advanced Video IF Complete Video/Audio IF System for High Performance DW/751F | MC44301 
Analog TV Receivers 
Video Switch 5 RGB & Video Inputs and 5 Video Outputs P/724 MC44900* 
Color Graphics DACs 
Max 
Accuracy Settling 
Resolution @ 25°C Time Supplies Temperature 
(Bits) | Device Suffix (Max) (+ 1/2 LSB) (V) Range [ Package Comments 
4x3 MC10320 L +1/4 3.0 ns +5.0, or +5.0] O°C to +70°C 733 125 MHz Color 
LSB | Graphics Triple DAC 
MC10320-1 90 MHz Color 
ene ned F 


*To be introduced 
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VIDEO CIRCUITS (continued) 


Monitor Systems 


Package 

Function Features Suffix Device 
Multisync TTL to Analog Converts TTL Inputs fram CGA or EGA to Analog RGB Outputs P/724 MC1382 
Interface DW/751E 
Multimode Monitor Auto Frequency Tracking, Vertical Output Pulse and 50 MHz Video P/711 MC1383 
Processor System | | 
Multimode Monitor Auto Frequency Tracking, Vertical Time Base and 50 MHz Video P/711 MC1384 
Processor with Vertical Timebase | System 


Remote Control 


| 
l 
I 
ze | 
Ci 
i) é& | MRD821 
; 
Fa > 
pe ‘ 


From Satellite 


12C BUS 


= — 
ol 


MC44000* 
Chroma 4: Multi-Standard 
Video/Timebase Processor 


Vertical 


Horizontal 


McC44900* 
Video/RGB Switch 


M44000 Family Block Diagram 


*To Be Introduced 
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Remote Control Circuits 


MC3373P Amplifier/Detector (Bipolar), Case 626 
MC14497 Transmitter (CMOS), Case 707 


The MC3373 remote control receiver is specifically include TV remote control, short range data links (up to 
designed for infra-red link systems where high sensitivity several hundred feet), door openers and security sys- 
and good noise immunity are critical. The MC3373 incor- tems. The MC144997 is an ideal companion transmitter, 
porates a high gain detector diode preamp driving an where a simple D.T.M.F. like key-pad control is desired. 
envelope detector and data wave shaper for accurate data The Motorola discrete opto division also has several high 
recovery. Provision is also made to use an external L-C sensitivity detectors and emitters which match up well 
tank circuit at the carrier frequency, normally 30 to 60 to the MC3373 system. 


kHz, for extended range low noise systems. Applications 


FIGURE 1 — REMOTE CONTROL APPLICATION 
40 kHz CARRIER 


+9.0 Vde MC78L05 0.1 
Nee 5.0V 
0 MPS6562 i 18:6 
100 kg g180k OTTL Output 
51 = 
‘ MLED81 1 MPS 


5172 


Infrared AN 

= Emitting \q 
Diod 

ups: Diodes 


5172 
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CONSUMER ELECTRONIC PRODUCTS 


ENTERTAINMENT RADIO RECEIVER CIRCUITS 


Device 


MC3340P 
MC13020P 
MC13022 
MC13023 
MC13024 
MC13041 
MC13060 
MC34119 
TDA1524A 


VIDEO CIRCUITS 


Device 


CA3054 
CA3146 
MC1330AP 
MC1350 
MC1357 
MC1373 
MC1374 
MC1377 
MC1378 
MC1382 
MC1383 
MC1384 
MC1391P 
MC1733,C 
MC3346 
MC3373 
MC10320 
MC10320-1 
MC13001XP 
MC13002XP 
MC13010P 
MC44301 
MC44602 
MC44802 
NE592 
SE592 
TDA3190P 
TDA3301B 
TDA3303 
TDA3330 


REMOTE CONTROL CIRCUIT 


Device 
MC3373 


Function Page 
Electronic Attenuator ........ 0... c cee tee ene e tenets 9-67 
C-QUAM®* AM Stereo Decoder .......... 0.0... cee ee ee eee 9-108 
Advanced Medium Voltage AM Stereo Decoder .............. 000.0000 00s 9-113 
C-QUAM®* AM Receiver Front End and Tuner Stabilizer ................... 9-117 
Low Voltage Motorola C-CQUAM®* AM Stereo Receiver ................000. 9-123 
AM Receiver Subsystem ......... 0c eee eee 9-128 
Mini-Watt Audio Output .... 0.0.0... cen e teens 9-134 
Low Power Audio Amplifier ..........0 0000: et ee teens 9-138 
Stereo Tone Control System ........ 0... eens 9-161 
Function Page 
Dual Differential Amplifier ........... 0.0... c cee eee eens 9-9 
General Purpose Transistor Array ....... 0.0 ees 9-11 
Low Level Video Detector .... 0.0... ccc cee nett teen eens 9-13 
IF: Amplifier 05% ccan ack heb d cae we tines & Rauieae @ eas eta ni Roe a PAR eae 9-19 
IF Amplifier and Quadrature Detector ......... 0.0. e eee eee 9-23 
TV Video Modulator Circuit .. 0... . cee nent ees 9-29 
TV Modulator Circuit 22.0 ei ees saben t ew eee ba ae ewe eh eee naa 9-32 
Color Television RGB to PAL/NTSC Encoder .......... 0... 0c cece eee eens 9-40 
Complete Color TV Video Overlay Synchronizer ....... 0.0... cece ee eee 9-44 
Multi-Syne Monitor TTL to Analog Inputs Interface ...........-....000008 9-48 
Multimode Monitor Processor ........ 00 cece eet tee eee 9-53 
Multimode Monitor Processor with Vertical Timebase .................05. 9-58 
TV Horizontal ProceSsor ........ 00. ee eee e eens 9-63 
Differential Audio Amplifier... 0.0.0.0... 0... cee See Chapter 2 
General: Purpose: Transistor Arrayc.2 «eee. 4s Ree Soa eww GRRE Rs & 9-70 
Remote Control Wideband Amplifier-Detector ....... 0... 00... c cece ee 9-73 
Triple 4-Bit Color Palette Video DAC ...... 1... eee eens 9-77 
Triple 4-Bit Color Palette Video DAC ..... ects 9-77 
Monomax Black and White TV Subsystem ..... 0... ccc cece ee ee 9-94 
Monomax Black and White TV Subsystem .... 0... 0... cece eee eee 9-94 
TV Parallel Sound IF and AFT ........ 0.0. ccc eee teen eens 9-103 
System 4 High Performance Color TV IF .... 0... cece eee 9-147 
Current Mode Controller... .... 0.0.0.0 cece eee See Chapter 3 
PLL Tuning Circuit with 1.3 GHz Prescaler ..... 0.0... ccc cee eee 9-153 
Video: Amplifier see acncnies tee ale ashe FO We aa 4 Os ee a ae Wa See Chapter 2 
Video Amplifier .... 0.0.0... ccc eee ene See Chapter 2 
TV SOUR SYSIEM oi tecy owas bd oso nwacr ed sucht Gee woes Gute cee dea eh ey 9-166 
TM COlOr PROCESSOR 625 34s Spires Se tga GaN EM Gd we eae oie ae 8 9-169 
TV Color ProceSSOr 1... 0... ccc ee een nee eet eee enae 9-169 
TN Color Processor vss sei c-irseh eh are Bxlee aoe PM Dingle d ach nardahe Uy eras 9-183 
Function Page 
Remote Control Wideband Amplifier-Detector .......... 0.00. cece eee ee 9-73 
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Application 
Note 
AN545A 
AN829 
AN879 
AN932 
AN1016 
AN1019 


AN1044 
ANHKO7 


RELATED APPLICATION NOTES 


Title 
Television Video IF Amplifier Using Integrated Circuits 


Application of the MC1374 TV Modulator ............ 


Monomax-Application of the MC13001 Monochrome TVIC.......... 


Application of the MC1377 Color Encoder ............ 


Infrared Sensing and Data Transmission Fundamentals 
NTSC Decoding Using the TDA3330, with Emphasis on 
Cable In/Cable Out Option 


Ce 


The MC1378 — A Monolithic Composite Video Synchronizer ........ 
A High Performance, Manual-Tuned AM Stereo Receiver for 
Automotive Application Using Motorola ICs: MC13020, 


MCI13021 and! MCTS304 NT o.6 anne ae ae a alk autiete Win gee eee twat 
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Related 
Device 


MC1350 
MC1374 
MC13001 
MC1377 
MC3373 


TDA3330 
MC1378 


MC13020,21 
MC1378, 
MC3373, 
TDA3330 


MOTOROLA 


# SEMICONDUCTOR xox 
TECHNICAL DATA 


DUAL INDEPENDENT DIFFERENTIAL AMPLIFIER DUAL DIFFERENTIAL 
AMPLIFIER 
The CA3054 consists of two independent differential amplifiers SILICON MONOLITHIC 
with associated constant-current transistors on a common mono- INTEGRATED CIRCUIT 


lithic substrate. The six NPN transistors which comprise the ampli- 
fiers are general purpose devices useful from dc to 120 MHz. 

The monolithic construction of the CA3054 provides close elec- 
trical and thermal matching of the amplifiers which makes this 
device particularly useful in dual channel applications where 
matched performance of the two channels is required. 


® Two Differential Amplifiers on a Common Substrate 
@ Independently Accessible Inputs and Outputs 


@ Maximum Input Offset Voltage — +5.0 mV 


MAXIMUM RATINGS 


Rating Symbol Value 

F Coilector-Emitter Voltage VCEO a 15 
Collector-Base Voltage VCBO | 20 

| Emitter-Base Voltage | VEBO | 5.0 

[-gollectst Suber Voltage VcIo 20 
Collector Current — Continuous “a Ic { 50 
Junction Temperature | Ty | 150 
Operating Temperature Range Ta ‘is 40 to +85 
Storage Temperature Range Tstg_ | - 65 to +150 


Pin 5 is connected to substrate and must remain at the lowest circuit potential 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
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CA3054 


ELECTRICAL CHARACTERISTICS (Tq = 25°C, unless otherwise noted). 


STATIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 


Input Offset Voltage 
(VcB = 3.0 Vdc} 


Input Offset Current 


(Vcg = 3.0 Vde)} 


Input Bias Current 
(Vcg = 3.0 Vde} 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


Base-Emitter Voltage 
(VcB = 3.0 Vde, Ic = 50 nA) 
(VoB ~ 3.0 Vde, Ic = 1.0 mA) 
(Vcp = 3.0 Vde, Ic = 3.0 mA) 
(Vcp = 3.0 Vde, Ic = 10 mA) 
Collector Cutoff Current 
(Veg = 10 Vdc, Ie = 0) 
Collector-Emitter Breakdown Voltage 
(ig = 1.0 mA) 
Coliector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 uA) 
Collector-Substrate Breakdown Voltage V(BR)CIO 
(I¢ = 10 uA) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 10 nA) 
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MOTOROLA 
= SEMICONDUCTOR sox 
TECHNICAL DATA 


GENERAL PURPOSE TRANSISTOR ARRAY 
ONE DIFFERENTIALLY CONNECTED PAIR AND 
THREE ISOLATED TRANSISTOR ARRAYS 
The CA3146 is designed for general purpose, low power appli- 
cations in the DC through VHF range. 
@ Guaranteed Base-Emitter Voltage Matching 


®@ Operating Current Range Specified — 10 nA to 10 mA 


®@ Five General Purpose Transistors in One Package 


MAXIMUM RATINGS 


[Rating *dCSynd [Va_| 
- 5.0 


| Unit 
Collector-Substrate Voltage Vclo Vdc 
°C 


Operating Temperature Range TA -—40 to +85 Ea 


Tstg | -65 to +150 


Storage Temperature Range 


PIN CONNECTIONS 


GENERAL PURPOSE 
TRANSISTOR ARRAY 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


ORDERING INFORMATION 


[Device | Temperature Range | Ponkage | 
CA3146P Plastic DIP 


~- 40°C to + 85°C 


Pin 13 is connected to substrate and must remain at the lowest circuit potential. 
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ELECTRICAL CHARACTERISTICS 


CA3146 


(VcE = 5.0 Vde, IE = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Pica riba 
Low Frequency Noise Figure 
(VcE = 5.0 Vde, Ic = 100 pAdc, Rg = 1.0 kQ?, f 
Forward Current Transfer Ratio 
(VcE = 5.0 Vde, I¢ = 1.0 mAdc, f = 1.0 kHz) 


Short Circuit Input Impedance 
(VcE = 5.0 Vde, Ic «= 1.0 mAdc, f = 1.0 kHz) 


= 1.0 kHz) 


NF 


Characteristic Symbol Min Typ Max Unit 

STATIC CHARACTERISTICS 

Collector-Base Breakdown Voltage V(BR)CBO 40 89 _ Vdc 
(I¢ = 10 wAdc) 

Collector-Emitter Breakdown Voltage ViBR)CEO 35 45 = Vdc 
(l¢ = 1.0 mAdc) 

Collector-Substrate Breakdown Voltage V(BR)CIO 40 85 — Vdc 
(Ic) = 10 pA} 

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 — _ Vdc 
(I—E = 10 pA) 

Collector-Base Cutoff Current ICBO == 0.68 40 nAdc 
(Veg = 10 Vde, IE = 0) 

DC Current Gain hFE cm 
(I¢ = 10 mAdc, Veg = 5.0 Vdc) —_— 171 _ 
(i¢ = 1.0 mAdc, Veg = 5.0 Vdc) — 188 _— 

Base-Emitter Voltage VBE — 0.7 — Vde 
(VCE = 5.0 Vdc, IE = 1.0 mAdc) 

K + 

Collector-Emitter Saturation Voltage VCE(sat) _ 0.28 0.5 Vdc 

(I¢ = 10 mA, IB = 0.4 mA) 
| 

Magnitude of Input Offset Current |l]1o1 — l1o2I lo _ 0.03 2.0 pwAdc 

(VcE = 5.0 Vdc, Icq = Ieg = 1.0 mAdc) 
— oe = 
Magnitude of Input Offset Voltage |Vge1 = VBE2! iol = 0.13 2.0 mVde 


oe a ee ee — re ae ee a a Se eT 


dB 


(Ves = 5.0 Vdc, Il¢ = 0 mAdc) 


Open Circuit Output Impedance hoe — 15.6 — wmho 
| (VcE = 5.0 Vde, I¢ = 1.0 mAdc, f = 1.0 kHz) 
po 
Reverse Voltage Transfer Ratio hre — 3.5 = x10-4 
(VcE = 5.0 Vde, I¢ = 1.0 mAdc, f = 1.0 kHz) 
Input Admittance Vie = 0.14 + _ mmho 
| (VcE = 5.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) j0.16 
Forward Transfer Admittance Yfe _— 34.6 - oe mmho 
(VcE = 5.0 Vde, I¢ = 1.0 mAdc, f = 1.0 MHz) j0.63 
Reverse Transfer Admittance Yre —_ 62.0 — _ umho 
| _(Vce = 8.0 Vde, lo = 1.0 mAdc, f = 1.0 MHz) j59.4 
Output Admittance Yoe _ 0.16 + = mmho 
(VcE = 5.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) j0.14 
Current-Gain — Bandwidth Product ft 300 500 _ MHz 
| __(Vce = §.0 Vde, I¢ = 3.0 mAdc) 
Emitter-Base Capacitance Ceg —_ 1.17 _— pF 
(VER = 5.0 Vdc, I_E = 0 mAdc}) | 
Collector-Base Capacitance Ccp — 0.68 — pF 
| _(Vcp = 5.0 Vdc, Iz = 0 mAdc) 
Collector-Substrate Capacitance Cc) —_ 1.92 — pF 
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MOTOROLA 
m= SEMICONDUCTOR xy 
TECHNICAL DATA 


LOW-LEVEL VIDEO DETECTOR 


... an integrated circuit featuring very linear video characteristics 


and wide bandwidth. Designed for color and monochrome tele- LOW-LEVEL VIDEO 

vision receivers, replacing the third IF, detector, video buffer and DETECTOR 

AFC buffer. 

@ Conversion Gain — 33 dB (Typ) SILICON MONOLITHIC 
Excellent Differential Phase and Gain INTEGRATED CIRCUIT 


e 
®@ High Rejection of IF Carrier Feedthrough 
@ High Video Output — 8.0 V(p-p) 

@ Fully Balanced Detector 
e 
e 


Output Temperature Compensated 
Improved Version of the MC1330P 


MAXIMUM RATINGS 


Rating | Value Unit 
Power Supply Voltage 24 Vde 
DC Video Output Current | 5.0 mAdc 
DC AFT Output Current 2.0 mAde P SUFFIX 
: PLASTIC PACKAGE 
Junction Temperature 150 °C CASE 626 
}— ; —}——_— —| 
Operating Ambient Temperature Range 
Storage Temperature Range ~65 to +150 


FIGURE 1 — CIRCUIT SCHEMATIC 


Ri 
48k Tuned Circuit O 6 


30 
O Vcc 
4.35 k 
pei 


1 


7 


O AFT 
Buffer 
Output 
AUX 
Video 
R17 2 Output 
780 O 
Q21 
R16 Q22 


5 
23 


D3 Primary 


Video 
3 pF Output 
R28 


10.75 k 
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MC1330AP 


ELECTRICAL CHARACTERISTICS (Vcc = +20 Vdc, Q = 40, fe = 45.75 MHz, Ta = +25°C unless otherwise noted) 


Characteristic 


Zero Signal dc Output Voltage 


Supply Current 


Maximum Signa! de Output Voltage 


Conversion Gain for 1.0 Vp-p Output 36 


(30% Modulation) 
AFT Buffer Output at Carrier Frequency 300 


mit foi 4 

a =lol# 

» 31) la 
o 


DESIGN CHARACTERISTICS (Vcc = +20 Vdc, Q = 40, fo = 45.75 MHz, Ta = +25°C unless otherwise noted) 


Input Resistance 7 4.9 kQ 
Input Capacitance 7 1.5 pF 
Internal Resistance (Across Tuned Circuit) 

Internal Capacitance (Across Tuned Circuit) 

Negative Video Output Bandwidth (Figure 10) 

Positive Video Output Bandwidth (Figure 10) 


Differential Phase @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin 6 

Differential Gain @ 3.58 MHz, 100% Modulated 

Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin 6 


Differential) Phase @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 kN 

Differential Gain @ 3.58 MHz, 100% Modulated 

Staircase, 3.0 Vp-p Detected Video, R Pin 5 = 4.3 kQ 


920 kHz Beat Output (dB Below 100% Modulated Video, See Figure 11) 
45.75 MHz = Reference 

42.17 MHz = —6.0 dB 

41.25 MHz = —20dB 


Video Output Resistance @ 1.0 MHz, 2.0 mA 


Degrees 


% 


8.0 Degrees 


on nia NN 
ww 

s 

oO 


Vec = 12 Vde 2.0 Volts 
Input Overload (Carrier Level at Input to Pin 4, Vcc = 15 Vde 2.6 
Primary Output to go Positive 0.1 Vdc from Ground.) Vcc = 20 Vde 3.6 
Vcc = 24 Vde 46 

Power Supply Voltage Range 10 to 24 Volts 


FIGURE 2 — TEST FIXTURE CIRCUIT 


Carrier 
input 


2VvE—~— —— 


0VF———— 


AFT Output Primary Output 


7.7V 


L1, C1: See General Information Number 3, page 5 of this specification. 
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FIGURE 3 — INPUT ADMITTANCE 


g11, b11 (mmhos) 


i Am ~< 

peer TST 

SET [Reese RTT 
5 10 


FREQUENCY (MHz) 


FIGURE 4 — VIDEO DETECTOR OUTPUT RESISTANCE 


CIRCUIT DESCRIPTION 


The MC1330AP video detector is a fully balanced mul- 
tiplier detector circuit that has linear amplitude and phase 
characteristics. The signal is divided into two channels, 
one a linear amplifier and the other a limiting amplifier 
that provides the switching carrier for the detector. 

The switching carrier has a buffered output for use in 
providing the AFT function. 


B sco |__| 
ol | 1 {Tt 


Oe el eae 
OU kes ras es 
0.3 0.5 1 3 5 


10 
VIDEO OUTPUT CURRENT, PIN 4 {(mAdc) 


The video amplifier output is an improved design that 
reduces the differential gain and phase distortion asso- 
ciated with previous video output systems. The output is 
wide band, > 8.0 MHz, with normal negative polarity. A 
separate narrow bandwidth, positive video output is also 


provided. 


FIGURE 5 — DIFFERENTIAL PHASE AND GAIN TEST SET UP 
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Into Load$S 50 
Boonton 
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Modulation 
Adjustment 


Variable 
Pad 


Six Step 
Modulated 
Staircase 
Generator 
Tektronix 
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Subcarrier 


Tektronix 475 
Oscilloscope 


Anzac R 
1 mp-141 RF 


Vector Scope 


Modulation 
Monitor 


Balanced 
Modulator 


Lo 


45.75 MHz 
Generator 
H.P. 608E 


Tektronix 
520 NTSC 


100 mV Into 


Load 
Boonton 91D 


Adjust for 
0 to 3 V Peak 
at Output of 
Video Demodulator 


Variable 
Pad 


2nd & 3rd 
Harmonic 
Trap 


Wideband 
Amplifier 
H.P. 8447F 
Ay ~ 26 dB 


Demodulator 
Test 


Fixture 
RLoad= 3 k Typ 


Low Capacitance Resistor 
Probe Divider H.P. 10020A 


Vector Scope 


Preamplifier 
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OUTPUT VOLTAGE, PIN 4 (Vdc) 


OUTPUT VOLTAGE, PIN 4 (Vdc) 


= 
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MC1330AP 


TYPICAL CHARACTERISTICS 
(Vcc = +20 Vdc, Ta = +25°C Unless Otherwise Noted) 


FIGURE 6 — OUTPUT VOLTAGE TRANSFER FUNCTION 


4 + 4 t + 
A ACTUAL TRANSFER FUNCTION 
: + + 


IDEAL ~~ 

LINEAR 
TRANSFER 
FUNCTION 


4 
CARRIER INPUT VOLTAGE {mVirms}) 


6 8 10 


FIGURE 8 — OUTPUT VOLTAGE, SUPPLY CURRENT 


OUTPUT VOLTAGE 
CARRIER INPUT = 50 


SUPPLY CURRENT 
CARRIER INPUT = 0 


—+—__——} 


SUPPLY VOLTAGE (Vdc) 


FIGURE 10 — VIDEO OUTPUT RESPONSE 


PIN 4 — NEGATIVE VIDEO 


R PIN 5 = 


SUPPLY VOLTAGE (mAdc} 


FIGURE 7 — OUTPUT VOLTAGE TRANSFER FUNCTION 


SEE FIGURE 6 
7 =; 
z 6 { + + 
7 
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ro] 
= 44 Ne 4 
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1 
0 
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CARRIER INPUT VOLTAGE (mVirms}) 
FIGURE 9 — AFT LIMITING 
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FIGURE 11 — VIDEO OUTPUT PRODUCTS 
+10 


REFERENCE = 3.68 MHz OUTPUT 
45.75 MHz INPUT = 25 mV(rms}) 

42.17 MHz INPUT = 12.5 mVirms) 

41.25 MHz INPUT — RELATIVE TO 45.75 MHz INPUT ~| 


RELATIVE ATTENUATION (dB) 


4 
VIDEO OUTPUT RESPONSE (MHz) 


6 8 10 


RELATIVE PRODUCT ATTENUATION (dB) 


—20 
RELATIVE 41.25 MHz INPUT LEVEL (dB) 


— 30 — 40 
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TV-IF Amplifier Information 

A very compact high performance IF amplifier con- 
structed as shown in Figure 14 minimizes the number 
of overall components and alignment adjustments. It 
can be readily combined with normal tuners and input 
tuning-trapping circuitry to provide the performance 
demanded of high quality receivers. This configuration 
will provide approximately 93 dB voltage gain and can 
accommodate the usual low impedance input network 
or, if desired, can take advantage of an impedance step- 
up from tuner to MC1350P input. 

The burden of selectivity, formerly found between the 
third IF and detector, must now be placed at the inter- 
stage. The nominal 3.0 volt peak-to-peak output can be 
varied from 0 to 7.0 V with excellent linearity and free- 
dom from spurious output products. 

Alignment is most easily accomplished with an AM 
generator, set at a carrier frequency of 45.75 MHz, mod- 
ulated with a video frequency sweep. This provides the 
proper realistic conditions necessary to operate to low- 
level detector (LLD). The detector tank is first adjusted 
for maximum detected dc (with a CW input). Next, the 
video sweep modulation is applied and the interstage 
and input circuits aligned, step by step, as in a standard 
IF amplifier. 

Note: A normal IF sweep generator, essentially an FM 
generator, will not serve properly without modification. 
The LLD tank attempts to “follow” the sweep input fre- 
quency, and results in variations of switching amplitude 
in the detector. Hence, the apparent overall response 
becomes modified by the response of the LLD tank, 
which a real signal doesn’t do. 

This effect can be prevented by resistively adding a 
45.75 MHz CW signal to the output of the sweep gen- 
erator approximately 3.0 dB greater than the sweep 
amplitude. See Figures 12 and 13 below. For a more 
detailed description of the MC1330AP see application 
note AN545A. 


General Information 
The MC1330AP offers the designer a new approach 
to an old problem. Now linear detection can be per- 


FIGURE 12 — BYPASS DISPLAYED BY 
CONVENTIONAL SWEEP 


formed at much lower power signal levels than possible 
with a detector diode. 

Offering a number of distinct advantages, its easy 
implementation should meet with ready acceptance for 
television designs. Some specific features and infor- 
mation on systems design with this device are given 
below: 

1. The device provides excellent linearity of output 
versus input, as shown in Figures 6 and 7. These graphs 
also show that video peak-to-peak amplitude (ac) does 
not change with supply voltage variation. (Slopes are 
parallel. Visualize a given variation of input CW and use 
the figure as a transfer function.) 

2. The dc output level does change linearly with sup- 
ply voltage shown in Figure 8. This can be accommo- 
dated by regulating the supply or by referencing the 
subsequent video amplifier to the same power supply. 

3. The choice of Q for the tuned circuit of Pin 2 and 
3 is not critical. The higher the Q, the better the rejection 
of 920 kHz products but the more critical the tuning 
accuracy required. See Figure 11. Values of Q from 20 
to 50 are recommended. (Note the internal resistance.) 

4. A video output with positive-going sync is avail- 
able at Pin 5 if required. This signal has a higher output 
impedance than Pin 4 so it must be handled with greater 
care. If not used, Pin 5 may be connected directly to the 
supply voltage (Pin 6). The video response will be 
altered somewhat. See Figure 10. 

5. An AFT output (Pin 1) provides 460 mV of IF carrier 
output, sufficient voltage to drive an AFT ratio detector, 
with only one additional! stage. 

6. AGC lockout can occur if the input signal presented 
in the MC1330AP is greater than that shown in the input 
overload section of the design characteristics shown on 
Page 3. If these values are exceeded, the turns ratio 
between the primary and secondary of T; should be 
increased. Another solution to the problem is to use an 
input clamp diode D1 shown in Figure 14. 

7. The total |.F. noise figure at high gain reductions 
can be improved by reflecting ~ 1.0 k source impedance 
to the input of the MC1330AP. This will cause some loss 
in overall IF voltage gain. 


FIGURE 13 — BYPASS DISPLAY WITH THE ADDITION 
OF CARRIER INJECTION 
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FIGURE 14 — TYPICAL APPLICATION OF MC1350P VIDEO IF AMPLIFIER 
and MC1330AP LOW-LEVEL VIDEO DETECTOR CIRCUIT 


0.002 uF 470 220 +18 Vde 
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7 
8 
AFT Output 


me 
E 6 Tr 
Turns an Turns 4 


All windings #30 AWG tinned nylon L1 wound with #26 AWG tinned nyion 
acetate wire tuned with Carbonyl acetate wire tuned by distorting winding. 
E or J slugs. 


FIGURE 15 — PRINTED CIRCUIT BOARD PARTS LAYOUT FIGURE 16 — PRINTED CIRCUIT BOARD LAYOUT 
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MOTOROLA 


= SEMICONDUCTOR xxx 
TECHNICAL DATA 


IF AMPLIFIER 


MONOLITHIC IF AMPLIFIER SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

...an integrated circuit featuring wide range AGC for use as an 

IF amplifier in radio and TV over the temperature range 0 to 
+ 75°C. 


@ Power Gain — 50 dB Typ at 45 MHz 
— 48 dB Typ at 58 MHz 


AGC Range — 60 dB Min, dc to 45 MHz 


Nearly Constant Input and Output Admittance Over the Entire 
AGC Range 


y2 1 Constant (—3.0 dB) to 90 MHz 
Low Reverse Transfer Admittance — << 1.0 zymho Typ 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


12 Volt Operation, Single-Polarity Power Supply 


MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted) 


D SUFFIX 

Power Dissipation (Package Limitation) PLASTIC PACKAGE 
Plastic Package CASE 751 
Derate above 25°C ; (SO-8) 


FIGURE 1 — TYPICAL MC1350 VIDEO IF AMPLIFIER 
AND MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 
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AFT Output 
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Turns 
All windings #30 AWG tinned nylon L1 wound with #26 AWG tinned nylon 
acetate wire tuned with Carbonyl acetate wire tuned by disterting winding. 
E or J slugs. 


or 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-19 


MC1350 


ELECTRICAL CHARACTERISTICS (v+ = +12 Vdc; Ta = +25°C unless otherwise noted) 


: : 
Symbol { Min + Typ Max Unit 


Characteristic 


AGC Range, 45 MHz (5.0 V to 7.0 V) (Figure 1) 60 68 _ dB 
Power Gain (Pin 5 grounded via a 5.1 kf resistor) Ap | dB 
f = 58 MHz, BW = 4.5 MHz See Figure 6(a) — 48 = 
f = 45 MHz, BW = 4.5 MHz See Figure 6(a),(b) 46 50 _— 
f = 10.7 MHz, BW = 350 kHz ‘i —_ 58 _ 
f = 455 kHz, BW = 20 kHz See rigpre 7 = 62 = 


Maximum Differential Voltage Swing 
0 dB AGC 
—30 dB AGC 


Output Stage Current (Pins 1 and 8) ly + Ig 
Total Supply Current (Pins 1, 2 and 8) 


ae ae | 
Frequency 


455 kHz 10.7 MHz 45 MHz 58 MHz Unit 
Single-Ended Input Admittance 0.31 0.36 0.39 0.5 mmho 
0.022 0.50 ih, 2.30 2.75 4 
Input Admittance Variations with AGC _ = 60 = umho 
(0 to 60 dB) = | es | 0 | — 
Differential Output Admittance 4.0 4.4 30 60 umho 


Output Admittance Variations with AGC _ _ 4.0 —_ mho 
(0 to 60 dB) - | = 90 ke 


Reverse Transfer Admittance (Magnitude) <<1.0 <<1.0 <<1.0 | <<1.0 umho 


Forward Transfer Admittance 
Magnitude 

Angle (0 dB AGC) 
Angle (—30 dB AGC) 


Single-Ended Input Capacitance 


160 160 200 180 mmho 


Differential Output Capacitance 


FIGURE 2 — TYPICAL GAIN REDUCTION FIGURE 3 — NOISE FIGURE 
(Figures 6 and 7) (Figure 6) 


mn 
on 


IAGC = 0.1 mA 


NOISE FIGURE (dB) 
= 


GAIN REDUCTION (dB) 


laGc = 0.2 mA 8.0 


6.0 i 
Vacc (V) GAIN REDUCTION (dB) 
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MC1350 
GENERAL OPERATING INFORMATION 


The input amplifiers (Q1 and Q2) operate at constant 
emitter currents so that input impedance remains in- 
dependent of AGC action. Input signals may be applied 
single-ended or differentially (for ac) with identical re- 
sults. Terminals 4 and 6 may be driven from a trans- 
former, but a dc path from either terminal to ground is 
not permitted. 


FIGURE 4 — CIRCUIT SCHEMATIC 


AGC. Amplifier Section. 


Input Amplifier Section Bias Supplies Output Amplifier Section 


AGC action occurs as a result of an increasing voltage 
on the base of Q4 and Q5 causing these transistors to 
conduct more heavily thereby shunting signal current 
from the interstage amplifiers Q3 and Q6. The output 
amplifiers are supplied from an active current source to 
maintain constant quiescent bias thereby holding out- 
put admittance nearly constant. Collector voltage for the 
output amplifier must be supplied through a center- 
tapped tuning coi! to Pins 1 and 8. The 12-volt supply 
(V+) at Pin 2 may be used for this purpose, but output 
admittance remains more nearly constant if a separate 
15-volt supply (V+ +) is used, because the base voltage 
on the output amplifier varies with AGC bias. 


FIGURE 5 — TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 


Pee Sica 
Se 


Eels eal hes 
ce eS 


Scale: 1.0 MHz/em ———~— 


FIGURE 6 — POWER GAIN, AGC AND NOISE FIGURE TEST CIRCUITS 


+12V 


Input 
Rs = 50 c¢2 


Output 
TTR, = 500 


Vacc* 


0.001 2F 0.001 uF 


*Connect to ground for maximum power gain test. 
All power-supply chokes (Lp), are self-resonant at 
input frequency. Lp = 20 kN 
See Figure 5 for frequency response curve. 


L1@ 45 MHz 
@ 58 MHz = 


1 oi 


7 1/4 Turns on a 1/4" coil form. 
6 Turns on a 1/4" coil form 


T1 Primary Winding = 18 Turns on a 1/4" coil form, center-tapped, #26 AWG 
2 Turns centered over Primary Winding ( 45 MHz 


Secondary Winding = 


nod 


1 Turn @ 58 MHz 
Carbonyl E or J 


Slug = 


50-160 pF 


| c2 | 


(a) 45 MHz and 58 MHz 
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5 Mik ae 7 as 


(b) Alternate 45 MHz 


0.68 4H +12V 
L1 
= cl 
0.33 nH 
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MC1350 
GENERAL OPERATING INFORMATION (continued) 


FIGURE 7 — POWER GAIN AND AGC TEST CIRCUIT 
(455 kHz and 10.7 MHz) 


ee eae 


80-450 pF 

5.0-80 pF 
0.001 uF 
0.05 pF 


MC1350 €©) output 
: Y Ri = 509 


36 pF 
0.05 pF 

VaGc* 0.05 pF 
*Grounded for 4.6 wH 


Note 2 


Note 1, Primary: 120 nH (center-tapped) 
Qy = 140 at 455 kHz 
Primary: Secondary turns ratio = 13 
Note 2. Primary: 6.0 nH 
Primary winding = 24 turns #36 AWG 
(close-wound on 1/4" dia. form) 
Core = Carbonyl — or J 
Secondary winding = 1-1/2 turns #36 AWG, 1/4" dia. 
(wound over center-tap) 


maximum power gain. = 


TYPICAL CHARACTERISTICS 
(V+ = 12V,Ta = +25°C) 


FIGURE 8 — SINGLE-ENDED INPUT ADMITTANCE FIGURE 9 — FORWARD TRANSFER ADMITTANCE 
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Zy91 (DEGREES) 


| MOTOROLA 


= SEMICONDUCTOR ox MC1357 
TECHNICAL DATA 


IF AMPLIFIER 
TV SOUND IF OR FM IF AMPLIFIER WITH QUADRATURE 


DETECTOR 


WITH QUADRATURE DETECTOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ A Direct Replacement for the ULN2111A 


@ Greatly Simplified FM Demodulator Alignment 


@ Excellent Performance at Vcc = 8.0 Vdc 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


FIGURE 1 — TV TYPICAL APPLICATION CIRCUIT 


+22V 


99 
© 14 


Typical Performance: 
2 Watts Output 
2% Distortion 
250 wV Sensitivity (3 dB Lim.) 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


[ Rating 

Power Supply Voltage 16 

4 

f Input Voltage (Pin 4) 3.5 

Power Dissipation (Package Limitation) 625 

Plastic Packages 

| Derate above Ta = +25°C 5.0 

Operating Temperature Range (Ambient) Oto +70 | 

Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Vcc = 12 Vde, Ta = +25°C unless otherwise noted.) 


[ De-Emphasis Resistance 


Characteristic Pin Min Typ Max Unit 

Drain Current Vcc = 8.0 V 13 10 12 19 mA 
Vcc = 12 V — 15 21 

Amplifier Input Reference Voltage | 6 | ie 1.45 — Vde 

L Detector Input Reference Voltage 2 a 3.65 _ Vde 

+— 

L Amplifier High Level Output Voltage | 10 1.25 1.45 1.65 a Vdc | 
Amplifier Low Level Output Voltage | 9 _ 0.145 0.2 Vde 
Detector Output Voltage Vcc = 8.0V 1 = 3.7 — | Vde 

L Vcc = 12 V = 5.4 ae | 

T 
Amplifier Input Resistance 4 _ 5.0 _— kQ 

| Amplifier Input Capacitance | 4 (ao 11 eee pF | 
Detector Input Resistance | 12 _— 70 _ kQ 
Detector Input Capacitance 12 _ 2.7 ed! pF 

T rr 4 
Amplifier Output Resistance i 10 — 60 —_ ohm 
[ Detector Output Resistance | 1 orn if 200 _ ohm 
14 = 8.8 = ka | 


(Vcc = 12 Vde, fo = 4.5 MHz, Af = +25 kHz, Peak Separation = 150 kHz) 


DYNAMIC CHARACTERISTICS FM Modulation Freq. = 1.0 kHz, Source Resistance = 50 ohms, Ta 


= + 25°C for all tests. 


[ Characteristic | Pin | Min Typ Max Unit 
Amplifier Voltage Gain (Vin < 50 «V[rms]) 10 _— 60 — dB 

| AM Rejection*® (Vin = 10 mVIrms]) 1 — 36 _~ 1 dB | 
Input Limiting Threshold Voltage | 4 — 250 = | #V(rms) | 

ti Recovered Audio Output Voltage (Vin = 10 mV[irms}) 1 — {| 0.72 ey Virms) | 
Output Distortion (Vi; = 10 mVirms]) | 1 = 3.0 — % 
(Vcc = 12 Vdc, fp = 5.5 MHz, Af = +50 kHz, Peak Separation = 260 kHz) 
Amplifier Voltage Gain (Vin < 50 2V[rmsi) | 1% | — | 6 = dB 
AM Rejection* (Vin = 10 mVirms) 1 = 40 = dB 
Input Limiting Threshold Voltage 4 = 250 _ pV(rms) 
Recovered Audio Output Voltage (Vin = 10 mV[rms]) | 1 — 1.2 = |] Virms) 
Output Distortion (Vj, = 10 mVirms]) 1 ee 4} 5.0 —_— % 
(Vcc = 8.0 Vde, fg = 10.7 MHz, Af = +75 kHz, Peak Separation = 550 kHz) 
Amplifier Voltage Gain (Ving < 50 »V[rms}) 10 | — 53 — dB 

| AM Rejection* (Vin = 10 mVirmsi) thas — | 37 — | | 
Input Limiting Threshold Voltage 4 — 600 — uVirms) 
Recovered Audio Output Voltage (Vjnp = 10 mV[rms}) 1 = 0.3 _ Virms) 
Output Distortion (Vin = 10 mVIirms]) 1 _— 1.4 — % 
(Vcc = 12 Vdc, fo = 10.7 MHz, Af = +75 kHz, Peak Separation = 550 kHz) 
Amplifier Voltage Gain (Vin = 50 uVirms]) 10 = 53 _ dB 

| AM Rejection*® (Vjn = 10 mV[rms]) 1 _— 45 — dB 

| Input Limiting Threshold Voltage [4 [| — [ 600 —— [nvirms) | 

; Recovered Audio Output Voltage (Vin = 10 mV[rms]) 1 |= 0.48 — Virms) 
Output Distortion (Vj, = 10 mV[rms}) 1 — 1.4 _ % 


*100% FM, 30% AM Modulation 
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AM REJECTION (d8) 


DETECTED AUDIO OUTPUT 


MC1357 


TYPICAL CHARACTERISTICS 


(Vcc = 12 V, Ta = +25°C unless otherwise noted) 
(Use Test Circuit of Figure 13} (fo = 5.5 MHz) 


(fo = 4.5 MHz) 
FIGURE 2 — AM REJECTION 


REF SIGNAL 
INPUT 
(Pin 9} 


INPUT VOLTAGE (mV{rms]) 


FIGURE 4 — DETECTED AUDIO OUTPUT 
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FIGURE 6 — DETECTOR TRANSFER CHARACTERISTIC 


4.42 NHe 


AM REJECTION (dB) 


DETECTED AUDIO OUTPUT VOLTAGE (V [rms] } 


FIGURE 3 — AM REJECTION 
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FIGURE 5 — DETECTED AUDIO OUTPUT 
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FIGURE 7 — DETECTOR TRANSFER CHARACTERISTIC 
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AM REJECTION (dB) 


VOLTAGE NORMALIZED TQ +25°C 


OUTPUT VOLTAGE (VOLTS) 


MC1357 


TYPICAL CHARACTERISTICS (continued) 
(fo = 10.7 MHz, Ta = +25°C unless otherwise noted.) 
(Use Test Circuit of Figure 13) 


FIGURE 8 — AM REJECTION 
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FIGURE 10 — LIMITING 
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FIGURE 12 — DETECTOR TRANSFER CHARACTERISTIC 
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FIGURE 9 — AFC VOLTAGE DRIFT 
(1.0 mv INPUT CARRIER @ 10.7 MHz) 
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FIGURE 11 — SIGNAL-TO-NOISE RAT!O 
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FIGURE 13 — TEST CIRCUIT 
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FIGURE 14 — FM RADIO TYPICAL APPLICATION CIRCUIT 
+12V 


AUDIO 
OUTPUT 


10.7 MHz 
FILTER** 


FIGURE 15 — OUTPUT DISTORTION 


To 


| 
REF SIGNAL +4 
INPUT |} 
(Pin 10) 


Note 1: 
Information shown in Figures 15, 16, and 17 was obtained 
using the circuit of Figure 14. 


Note 2: 

Optional input to the quadrature coil may be from either 
pin 9 or pin 10 in the applications shown. Pin 9 has commonly 
been used On this type of part to avoid overioad with various 
tuning techniques. For this reason, pin 9 is used in tests on the 
preceding pages (except as noted). However, a significant im- 
provement of limiting sensitivity can be obtained using pin 10, 
see Figure 17, and no overload problems have been incurred 
with this tuned circuit configuration. 


TOTAL HARMONIC DISTORTION (%) 


FIGURE 16 — SIGNAL-TO-NOISE RATIO 


in 9) 


SIGNAL-TO-NOISE RATIO (dB) 


RECOVERED AUDIO OUTPUT VOLTAGE {mV {rms} } 


INPUT SIGNAL VOLTAGE (uV [rms] ) INPUT SIGNAL VOLTAGE (uV [rms] ) 
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MC1357 


FIGURE 18 — CIRCUIT SCHEMATIC 
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TECHNICAL DATA 


TV VIDEO MODULATOR 


TV VIDEO 
. an RF oscillator and dual-input modulator to generate a TV MODULATOR CIRCUIT 
signal from baseband video inputs. 
Applications include video games, home computer display, SILICON MONOLITHIC 
video tape recorders, and test equipment. INTEGRATED CIRCUIT 


The very low level of intermodulation products, compact pack- 
age and small external component count make this device su- 
perior to simple discrete circuits. 


e Single 5.0 Vdc Supply 

@ Channel! 3 or 4 Operation 

e Excellent Oscillator Stability to 100 MHz 
@ Color and Sound Compabitility 
e 
e 
e 


Dual Input Modulator for Ease of Signal Handling 
Low Intermodulation (-50 dB 920 kHz Beat) 
Overmodulation Protection 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


PIN CONNECTIONS 


RF Tank NC 


RF Tank 


RF Out 


+5 V 


FIGURE 1 — BLOCK DIAGRAM AND APPLICATION CIRCUIT 
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Sound/ 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


[Suppwy Vonage —SSSCSC~—SCSCSCSCi ve | 
F Operating Ambient Temperature Range | _ow+70 | °c _| 
[storage Temperature Range_—SSCSCSC~«dC«C StH] —* 
F tunetion Temperature ————SSC~CS tw Cd 


Power Dissipation, Package Watts 
Derate above 25°C 


RECOMMENDED OPERATING CONDITIONS 


Luma Input Voltage — Sync Tip 
Peak White 


Characteristic 


Operating Supply Voltage 


Supply Current 
RF MODULATOR 
Luma Input Dynamic Range (Pin 4, Test Circuit 2) 
RF Output Voltage (f = 67.25 MHz, V4 = 1.0 V) 


Luma Conversion Gain 
(AV7/AV4, V4 = 0.1 to 1.0 Vde) Test Circuit 2 


Chroma Conversion Gain 
(AV7/AV5; V5 = 1.5 Vp-p:V4 = 1.0 Vde) Test Circuit 2 


Chroma Linearity (Pin 7, V5 = 1.5 Vp-p) Test Circuit 2 
Luma Linearity (Pin 7, V4 =O to 1.5 Vdc} Test Circuit 2 
Input Current (Pin 4) 


Input Resistance (Pin 5) 


Input Resistance (Pin 4) 


Input Capacitance (Pins 4, 5) 

Residual 920 kHz (Measured at Pin 7) See-Note 1 
Output Current (Pin 7, V4 = GV) Test Circuit 2 
TEMPERATURE CHARACTERISTICS (Vcc = 5 Vdc, Ta = 0 to 70°C, IC only) 

[ RF Oscillator Deviation (fo = 67.25 MHz) = +250 a kHz 


NOTE 1. RF Reference Level = 6.0 mV @ Pin 7. Load Impedance = 75 2. 
RF +45 MHz = -13 dB. 
RF + 3.58 MHz = -20 dB. 


FIGURE 2 — TEST CIRCUIT 1 FIGURE 3 — TEST CIRCUIT 2 


+7V 
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FIGURE 4 — SCHEMATIC DIAGRAM 


Luma Chrominance 
Input Input 
6 
Vcc O 
R1 
15k 


R2 3.4k R10 


Ground O 


SCHEMATIC DESCRIPTION 


The RF oscillator consists of differential amplifier 
Q13 and Q14 cross-coupled through emitter followers 
Q11 and Q12. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 1 and 2. The oscillator output is used to switch the 
doubly balanced RF modulator, Q4 through Q10. Tran- 
sistors Q2 and Q3 provide level shifting and a high input 
impedance to the Juminance input pin 4. The bases of 
transistors Q4 and Q5 are both biased through resistors 
R4 and R85, respectively, to the same dc reference voltage 
at Q1 emitter. The base voltage at O5 may only be offset 
in a negative direction by luminance signal current source 
Q3. This design insures that overmodulation due to the 
luminance signal will never occur. The chrominance signal 
is externally ac coupled to pin 5 where it is reduced by 
resistor dividers R7 and R4, and added to the luminance 
signal in Q4. The resultant differential composite video 
currents are switched at the appropriate RF frequency in 
Q7 through Q10. The output signal current is presented 
at pin 7. 

Transistors Q15, Q16 and resistors R15, R16 provide 
a highly stable voltage reference for biasing the current 
source O6. 


OPERATIONAL DESCRIPTION 


Pins 1 and 2 — RF Tank. A tuned circuit connected 
between these pins determines the RF oscillator 
frequency. The tuned circuit must provide a low dc 
resistance shunt. Applying a dc offset voltage between 
these pins results in baseband composite video at the 
RF Modulator Output. 

Pin 3 — Ground. 

Pin 4 — Luminance Input. Input to RF modulator. 
This pin accepts a dc coupled luminance and sync signal. 
The amplitude of the RF signal output increases with 
positive voltage applied to the pin, and ground potential 
results in zero output (t.e., 100% modulation). A signal 
with positive-going sync should be used. 

Pin 5 — Chrominance/Sound Input. Input to the RF 
modulator. This pin accepts an ac coupled chrominance 
signal. The signal is reduced by an internal resistor divider 


Jot 
yee 
(Pete N | 

ise aged | 


Qi5 
i is sau re 


RF Modulator 
Output 


before being applied to the RF modulator. The resistor 
divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. A 4.5 MHz FM audio signal may be 
added to the input by selecting an appropriate series 
input resistor to provide the correct Luminance:Sound 
ratio. 

Pin 6 — Vcc. Positive supply voltage. 

Pin 7 — RF Modulator Output. Common collector of 
output modulator stage. Output impedance and stage gain 
may be selected by choice of resistor connected between 
this pin and dc supply. 

Pin 8 — No Connection. 


APPLICATIONS INFORMATION (Refer to Figure 1) 


RF Modulator and Oscillator 

The coil and capacitor connected between pins 1 and 2 
should be selected to have a parallel resonance at the 
Carrier frequency of the desired TV channel. The values 
of 56 pF and 0.1 “LH shown in Figure 1 were chosen for 
a Channel 4 carrier frequency of 67.25 MHz. For Channel 
3 operation, the resonant frequency should be 61.25 MHz 
(C = 75 pF, L = 0.1 uH). Resistors R2 and R3 are chosen 
to provide an adequate amplitude of switching voltage, 
whereas R4 is used to lower the maximum dc level of 
switching voltage below Vcc, thus preventing saturation 
within the IC. 


Composite Luminance and Sync should be de coupled 
to Luminance Input, pin 4. This signal must be within the 
Luma Input Dynamic Range to insure linearity. Since an 
increase in dc voltage applied to pin 4 results in an in- 
crease in RF output, the input signal should have positive- 
going sync to generate an NTSC compatible signal. As 
long as the input signal is positive, overmodulation is 
prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 5. This pin is internally con- 
nected to a resistor divider consisting of a series 300 ohms 
and a shunt 500 ohms resistor. The input impedance is 
thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 
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TECHNICAL DATA 


TV MODULATOR CIRCUIT 


The MC1374 includes an FM audio modulator, sound carrier TV MODULATOR CIRCUIT 
oscillator, RF oscillator, and RF dual input modulator. It is designed 
to generate a TV signal from audio and video inputs. The MC1374’s SILICON MONOLITHIC 
wide dynamic range and low distortion audio make it particularly INTEGRATED CIRCUIT 


well suited for applications such as video tape recorders, video disc 
players, T.V. games and subscription decoders. 


Single Supply, 5 Vto 12 V 


Channel 3 or 4 Operation 
Variable Gain RF Modulator 
Wide Dynamic Range 

Low Intermodulation Distortion 


Positive or Negative Sync 
: : . P SUFFIX 
Low Audio Distortion PLASTIC PACKAGE 


Few External Components CASE 646 


FIGURE 1 — TYPICAL APPLICATION 


7522 0.22 wH 0.22 uH C15 
L3 L4 0.001 


\ (+o Output 
c11 cal cal z 
ae ae 224s 


RQ 
560 


R11 


Video In 
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Audio In 
6 


Cc 
1 wr 


L1 - 4 Turns, #22, 1/4” Dia. 
L2 - 40 Turns, #36, 3/16” Dia. 


Shaded Parts Optional 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating Value Unit 
Supply Voltage 14 Vdc 
Operating Ambient Temperature Range Oto +70 °c 
Storage Temperature Range -65 to +150 °c 
Junction Temperature 150 °¢ 
Power Dissipation, Package 1.25 Watts 
Derate above 25°C 10 mW/°C 


AM OSCILLATOR/MODULATOR 


ELECTRICAL CHARACTERISTICS (Vcc = 12 Vde, Ta = 25°C, fe = 67.25 MHz, Figure 4 circuit, unless otherwise noted) 


FM OSCILLATOR/MODULATOR 


Characteristic Min Typ Max Unit 

Operating Supply Voltage 5.0 12 12 Vv 
Supply Current (Figure 1) — 13 — mA | 
Video Input Dynamic Range (Sync Amplitude) 0.25 1.0 1.0 V Pk | 
RF Output (Pin 9, R7 = 75 9, No External Load) — 170 — mV pp 
Carrier Suppression 36 | 40 — dB 
Linearity (75% to 12.5% Carrier, 15 kHz to 3.58 MHz) _— | _ 2.0 % 

[ Differential Gain Distortion (IRE Test Signal) 5.0 7.0 10 % 
Differential Phase Distortion (3.58 MHz IRE Test Signal) _— [ 1.5 2.0 T Degrees 
920 kHz Beat (3.58 MHz @ 30%, 4.5 MHz @ 25%) _ -57 i t ‘ dB 

| Video Bandwidth (75 2 Input Source) 30 = = MHz 

| Oscillator Frequency Range -— | 105 _ MHz 
Internal Resistance across Tank (Pin 6 to Pin 7) —_— oes 1.8 — 
Internal Capacitance across Tank (Pin 6 to Pin 7) _ 4.0 _ 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 12 Vde, 4.5 MHz, Test circuit of 


Figure 11, unless otherwise noted) 


mes | 


Characteristic Min Typ Max Unit pa | 
Frequency Range of Modulator 1.4 4.5 14 MHz 
Frequency Shift versus Temperature (Pin 14 open) — 0.2 0.3 kKH2/°C 
Frequency Shift versus Vcc (Pin 14 open) _— — 4.0 kHz/V 
Output Amplitude (Pin 3 not loaded) — 900 — mVp-p 
Output Harmonics, Unmodulated — — -40 dB 
Modulation Sensitivity 1.7 MHz _ 0.20 _ MHz/V 
4.5 MHz _ 0.24 — MH2/V 
10.7 MHz _— 0.80 os MHz/V 
T 

Audio Distortion (+25 kHz Deviation ,Optimized Bias Pin 14) — 0.6 1.0 % 
Audio Distortion (+25 kHz Deviation, Pin 14 self biased) _— 1.4 _— 
Incidental AM (+25 kHz FM) _ | 2.0 — 
Audio Input Resistance (Pin 14 to ground) — 6.0 kQL 
Audio Input Capacitance (Pin 14 to ground) _ | 5.0 — pF 
Stray Tuning Capacitance (Pin 3 to ground) _ 5.0 pF 
Effective Oscillator Source Impedance (Pin 3 to load) — 2.0 a kQ) 
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FIGURE 2 — TV MODULATOR 
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GENERAL DESCRIPTION 


The MC1374 contains an RF oscillator, RF modulator, 
and a phase-shift type FM modulator, arranged to permit 
good printed circuit layout of a complete T.V. modulation 
system. The RF oscillator is similar to the one used in 
MC1373, and is coupled internally in the same way. It's 
frequency is controlled by an external tank on Pins 6 
and 7, or by a crystal circuit, and will operate to approx- 
imately 105 MHz. The video modulator is a balanced 
type as used in the well known MC1496. Modulated 
sound carrier and composite video information can be 
put in separately on pins 1 and 11 to minimize unwanted 
crosstalk. A single resistor on Pins 12 and 13 is selected 
to set the modulator gain. The RF output at Pin 9 is a 
current source which drives a load connected from Pin 
9 to Vcc. 

The FM system was designed specifically for the T.V. 
intercarrier function. For circuit economy, one phase 
shift circuit was built into the chip. Still, it will operate 
from 1.4 MHz to 14 MHz, low enough to be used in a 


In 


cordless telephone base station (1.76 MHz), and high 
enough to be used as an FM IF test signal source 
(10.7 MHz). At 4.5 MHz, a deviation of +25 kHz can be 
achieved with 0.6% distortion (typical). 

In the circuit above devices Q1 through Q7 are active 
in the oscillator function. Differential amplifier Q3, 04, 
Q5, and O6 acts as a gain stage, sinking current from 
input section Q1, Q2 and the phase shift network R17, 
C1. Input amplifier Q1, Q2 can vary the amount of ‘‘in 
phase” Q4 current to be combined with phase shifter 
current in load resistor R16. The R16 voltage is applied 
to emitter follower Q7 which drives an external L-C cir- 
cuit. Feedback from the center of the L-C circuit back to 
the base of O6 closes the loop. As audio input is applied 
which would off-set the stable oscillatory phase, the 
frequency changes to counteract. The input to Pin 14 
can include a dc feedback current for AFC over a limited 
range. 

The modulated FM signal from Pin 3 is coupled to Pin 
1 of the RF modulator and is then modulated onto the 
AM carrier. 
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THE AM SECTION 


The AM modulator transfer function in Figure 3 shows 
that the video input can be of either polarity (and can be 
applied at either input). When the voltages on Pin 1 and 
Pin 11 are equal, the RF output is theoretically zero. As 
the difference between Vpjpn 41 and Vpjn 1 increases, the 
RF output increases linearly until! all of the current from 
both I1 current sources (Q8 and QQ) is flowing in one 
side of the modulator. This occurs when +(Vpjn 11 - VPin 1) 
=11 RG, where |j is typically 1.15 mA. The peak-to-peak 
RF output is then 211 Ri. Usually the value of RL is chosen 
to be 752) to ease the design of the output filter and match 
into T.V. distribution systems. The theoretical range of 
input voltage and RG is quite wide, but noise and available 
sound level limit the useful video (sync tip) amplitude to 
between 0.25 and 1.0 Vpk. It is recommended that the 
value of Rg be chosen so that only about half of the dyna- 
mic range will be used at sync tip level. 

The operating window of Figure 5 shows a cross-- 
hatched area where Pin 1 and Pin 11 voltages must 
always be in order to avoid saturation in any part of the 
modulator. (The letter @ represents one diode drop, or 
about 0.75 V.) The oscillator Pins 6 and 7 must be biased 
toa level of Vcc - @ - 214 RL (or lower) and the input Pins 1 
and 11 must always be at least 2¢ below that. It is permis- 
sible to operate down to 1.6 V, saturating the current 
sources, but whenever possible, the minimum should be 
3¢ above ground. 


The oscillator will operate dependably up to about 105 
MHz with a broad range of tank circuit components values. 
It is desirable to use a small L anda large C to minimize the 
dependence on |.C. internal capacitance. An operating O 
between 10 and 20 is recommended. The values of R1, Ro 
and R3 are chosen to produce the desired QO and to set the 
Pin 6 and 7 d.c. voltage as discussed above. Unbalanced 
operation; i.e., Pin 6 or 7 bypassed to ground, is not recom- 
mended. Although the oscillator will still run, and the 
modulator will produce a useable signal, this mode causes 
substantial base-band video feedthrough. Bandswitching, 
as Figure 1 shows, can still be accomplished economically 
without using the unbalanced method. 

The oscillator frequency with respect to temperature in 
the test circuit shows less than +20 kHz total shift from 
O0°C to 50°C as shown in Figure 7. At higher temperatures 
the slope approaches 2.0 kHz/°C. Improvement in this 
region would require a temperature compensating tuning 
capacitor of the N75 family. 

Crystal control is feasible using the circuit shown in 
Figure 21. The crystal is a 3rd overtone series type, used 
in series resonance. The L1, C2 resonance is adjusted 
well below the crystal frequency and is sufficiently tolerant 
to permit fixed values. A frequency shift versus temper- 
ature of less than 1.0 Hz/°C can be expected from this 
approach. The resistors Ra and Rb are to suppress para- 
sitic resonances. 

Coupling of output RF to wiring and components on Pins 
1 and11 cancause as much as 300 kHz Shift in carrier (at 
67 MHz) over the video input range. A careful layout can 
keep this shift below 10 kHz. Oscillator may also be inad- 
vertently coupled to the RF output, with the undesired 
effect of preventing a good null when V1 1 = V1. Reason- 
able care will yield carrier rejection ratios of 36 to 40 dB 
below sync tip level carrier. 


In television, one of the most serious concerns is the 
prevention of the intermodulation of color (3.58 MHz) and 
sound (4.5 MHz) frequencies, which causes a 920 kHz sig- 
nal to appear in the spectrum. Very little (3rd order) non- 
linearity is needed to cause this problem. The results in 
Figure 6 are unsatisfactory, and demonstrate that too 
much of the available dynamic range of the MC1374 has 
been used. Figures 8 and tO show that by either reducing 
standard signal level, or reducing gain, acceptable results 
may be obtained. 

At VHF frequencies, small imbalances within the device 
introduce substantial amounts of 2nd harmonic in the RF 
output. At 67 MHz, the 2nd harmonic is only 6 to 8 dB 
below the maximum fundamental. For this reasona 
double pi low pass filter is shown in the test circuit of 
Figure 3 and works well for channel 3 and 4 lab work. For 
a fully commercial application, a vestigial sideband filter 
willbe required. The general form and approximate values 
are shown in Figure 19. It must be exactly aligned to the 
particular channel. 


FIGURE 3 — AM MODULATOR TRANSFER FUNCTION 
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FIGURE 4 — AM TEST CIRCUIT 
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FIGURE 5 — THE OPERATING WINDOW 
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FIGURE 9 — RF OSCILLATOR FREQUENCY 
versus SUPPLY VOLTAGE 
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FM SECTION 


The oscillator center frequency is approximately the 
resonance of the inductor L2 from Pin 2 to Pin 3 and the 
effective capacitance C3 from Pin 3 to ground. For overall 
oscillator stability, it is best to keep X,_ in the range of 3009 
to 1.0 kf. 

The modulator transfer characteristic at 4.5 MHz is 
shown in Figure 15. Transfer curves at other frequencies 
have avery similar shape, but differ in deviation per input 
volt, as shown in Figures 13 and 17. 

Most applications will not require dc connection to the 
audio input, Pin 14. However, some improvements can be 
achieved by the addition of biasing circuitry. The unaided 
device will establish its own Pin 14 bias at 4 6, or about 
3.0 V. This bias is a little too high for optimum modulation 
linearity. Figure 14 shows better than 2-to-1 improvement 
in distortion between the unaided device and pulling Pin 14 
down to 2.6 to 2.7 V. This can be accomplished by a simple 
divider, if the supply voltage is relatively constant. 

The impedance of the divider has a bearing on the fre- 
quency versus temperature stability of the FM system. A 
divider of 180 kQ. and 30 kf (for Vcc = 12 V) will give good 
temperature stabilization results. However, as Figure 18 
shows, a divider is not a good method if the supply voltage 
varies. The designer must make the decisions here, based 
onconsiderations of economy, distortion and temperature 
requirements and power supply capability. If the distortion 
requirements are not Stringent, then no bias components 
are needed. If, inthis case, the temperature compensation 
needs to be improved in the high ambient area, the tuning 
capacitor from Pin 3 to ground can be selected from N75 
or N150 temperature compensation types. 

Another reason for dc input to Pin 14 is the possibility of 
automatic frequency control. Where high accuracy of 
intercarrier frequency is required, it may be desirable to 
feed back the dc output of an AFC or phase detector for 
nominal carrier frequency control. Only limited control 
range could be used without adversely affecting the dis- 
tortion performance, but very little frequency compensa- 
tion will be needed. 

One added convenience in the FM section is the separate 
Pin ‘oscillator B+’’ which permits disabling of the sound 
system during alignment of the AM section. Usually itcan 
be hard wired to the Vcc source without decoupling. 

Standard practice in television is to provide pre- 
emphasis of higher audio frequencies at the transmitter 
and a matching de-emphasis in the T.V. receiver audio 
amplifier. The purpose of this is to counteract the fact that 
less energy is usually present in the higher frequencies, 
and also that fewer modulation sidebands are within the 
deviation window. Both factors degrade signal to noise 
ratio. Pre-emphasis of 75 us is standard practice. For 
cases where it has not been provided, a suitable pre- 
emphasis network is covered in Figure 20. 

It would seem natural to take the FM system output from 
Pin 2, the emitter follower output, but this output is high 
in harmonic content. Taking the output from Pin 3 sacri- 
fices somewhat in source impedance but results inaclean 
output fundamental, with all harmonics more than 40 dB 
down. This choice removes the need for additional filtering 


components. The source impedance of Pin 3 is approxi- 
mately 2.0 kf, and the open circuit amplitude is about 
900 mV p-p for the test circuit shown in Figure 11. 

The application circuit of Figure 1 shows the recom- 
mended approach to coupling the FM output from Pin 3 to 
the AM modulator input, Pin 1. The input impedance at 
Pin 1 is very high, so the intercarrier level is determined 
by the source impedance of Pin 3 driving through C4 into 
the video bias circuit impedance of R4 and R5, about 2.2 K. 
This provides an intercarrier level of 500 mV p-p, which is 
correct for the 1.0 V peak video level chosen in this design. 
Resistor R6 and the input capacitance of Pin 1 provide 
some decoupling of stray pickup of RF oscillator or AM out- 
put which may be coupled to the sound circuitry. 


FIGURE 11 — FM TEST CIRCUIT 
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FIGURE 12 — MODULATOR SENSITIVITY 
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FIGURE 13 — MODULATOR TRANSFER 
FUNCTION (1 -76 MHz) 


FIGURE 14 — DISTORTION versus MODULATION DEPTH 


5.0 
= Ta=25°C 
= 4.0 —— fc¢=4.5 MHz | 
= { 
= : i 
o x 
& = 3.0 - Self Bias (2.9-3.0 V) 
i= | 
3 3 
aw = 
ec c 
S 
S Optimum Bias (2.6-2.7 
S 
2 1.0 
0 
0 1.0 2.0 3.0 4.0 5.0 6.0 10 0 25 50 if) 100 
DC INPUT VOLTAGE, PIN 14 (VOLTS) Senet iKt) 
FIGURE 15 — MODULATOR TRANSFER FIGURE 16 — FM SYSTEM FREQUENCY 
FUNCTION (4.5 MHz) versus TEMPERATURE 
455 i | 
4.54 Vec=12V + mike 5a ~t <4 
= 
= 
> N 
2 = 
3 = 
ao = 
2 s 
25 
: 2 
ba ire 
S 
wn t 
° in 14 Open 
+ + 
0 10 2.0 3.0 40 5.0 6.0 7.0 
DC INPUT VOLTAGE, PIN 14 (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 17 — MODULATOR TRANSFER FIGURE 18 — FM SYSTEM FREQUENCY versus Vcc 
FUNCTION (10.7 MHz) 
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FIGURE 19 — A CHANNEL 4 VESTIGIAL FIGURE 21 — CRYSTAL CONTROLLED RF OSCILLATOR 
Vec SIDEBAND FILTER FOR CHANNEL 3, 61.25 MHz 
8 Vcc 
9 RL=752 8.2 pF Both transformer 


¢ e windings 4T #23 AWG 
242 39 as close wound on 1/4” I.D. 
27K'S pF on common axis, 3/8” spacing 
33 pF 
= 8.2 pF C1 


e Output 0.001 


72d 
33 pF 33 pF 242 24 = 


R2 g R3 
470 470 
61.25 MHz 


0 


= 8T #23 AWG — 7 
close wound on 18’ 1.D., 
knife tuned to trap Ch. 3 
61.25 MHz. 


ATTENUATION (dB) 


MC1374 


Frequency (MHz) 


FIGURE 20 — AUDIO PRE-EMPHASIS CIRCUIT 


C= 0.0012 pF 


‘Flat’ Audio 
Audio r=56 ks. ‘Input 
input 
o--— 
1 
a 2575 27AC 
a 1 
2 20 ‘ 
2 
£ 15 ' 
a 10+ ; 
3 —_—_ ‘ 
=) . 1 2a ‘ 
3 “12m (r+RICc ; 
iva ; 1 i 
~$ 47-4 T iF =F 
21 210 2100 21k 
Frequency (Hz) 
1 
pre-emphasis = 75 ys = rC = Fn12100 Ha 


See Application Note AN829 for further information. 
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MOTOROLA 
= SEMICONDUCTOR ys MC1377 
TECHNICAL DATA 


Ad Inf ti COLOR TELEVISION 
VARS ESR eee RGB to PAL/NTSC ENCODER 


COLOR TELEVISION RGB to PAL/NTSC ENCODER 


..+. an integrated circuit used to generate a composite TV signal 
from baseband red, blue, green and sync inputs. The MC1377 has 
color subcarrier oscillator, voltage controlled 90° phase shifter, 


two DSB suppressed carrier chroma modulators, RGB input ma- P SUFFIX 
trices and blanking level clamps. It can be operated with very few PLASTIC PACKAGE 
external parts, but has the pinouts for a fully implemented, top CASE 738 


quality composite signal. It is ideal for encoding signals from color 
cameras and graphics generators. 


DW SUFFIX Fs 
® Reference Oscillator Self-Contained Or Externally Driven PLASTIC PACKAGE 20 
@ Nominal 90° +3.0° Axes Are Optionally Trimmable eee 1 

® Simple PAL/NTSC Switch 

@ Luminance And Chroma Channels Can Accept Delay 


Line/ Bandpass Elements Or Direct Connection ORDERING INFORMATION 
@ Provides DC Reference To Permit Direct Drive To RF Modulator ; Temperature 
Device Range Package 
MC1377DW 6 $O-20L 
MC1377P Poe | Plastic DIP 


FIGURE 1 — BLOCK DIAGRAM AND APPLICATION CIRCUIT 


TOKO166NNF 
10264AG 


Voltage f ; 
Controlled ‘ i 100/62 
90 


c : 1 srt 47/33 


Burst 0.1 3.3 k 


et PAL. NTSC Baie 


Control °3.58/ 
Select 20 
Driver 443 


MHz 


Composite 
Video 
Output 


Latching 
Ramp 
Gen. 


L 


Color Difference and Output 
Luminance Matrix Amplifier/ 
Clamp 


4 Composite 
50k 82V Sync Input 


eee ie oe 400 ns 
So 


Inputs: 1.0 V p-p Y Delay 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 


Vi 


-~65 to +150 


Power Dissipation, package 
Derate above 25°C mwrc 
12 + 1.2 Vdc 
dc 


-—0.5 to +1.0 Vi 
+1.7 to +8.2 


dc 
Cc 
Cc 
°C 


be 


Characteristic 
Supply Current 
Oscillator Amplitude 


External Subcarrier Input (Oscillator Components Removed) 


Subcarrier Input: Resistance 
Capacitance 


Modulation Angle (R-Y) to (B-Y) 
(R-Y) Angle Adjustment 
R, G, B Input For 100% Color Saturation 3, 4,5 


R, G, B Input: Resistance 3,4,5 
Capacitance 


= 
wo 


= 
oO 
x 
~ 


Chroma Input: Resistance 
Capacitance 


Composite Output, | | Syne 


100% Saturation puminahee 


(See Figure 2d) Bee 


Output Impedance (See Note 1) 
Luminance Bandwidth (3 dB), Less Delay Line 
Subcarrier Leakage In Output 


Note 1: Output Impedance can be reduced to less than 100 by using a 1502 output load from Pin 9 to ground. Power supply current will increase 
to about 60 mA. 


See Application Note AN932 for further information. 
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FIGURE 2 — SIGNAL VOLTAGES 
(CIRCUIT VALUES OF FIGURE 1) 


APPLICATION NOTES 


(a) 100% 
Green 

1.0 V (p-p) input R.G.B. Inputs should be set up to be 1.0 V p-p for 

(Pin 4) fully saturated levels. This is not arbitrary, since sync 

and burst levels are internally fixed. The large (15 uF) 

(b) input capacitors of Figure 1 are needed for the 50/60 Hz 

100% vertical component. 
1.0 V (p-p) Red 
Input Subcarrier Oscillator. The internal common-collector 
(Pin 3) Colpitts can be free run or it can easily be pulled in by 
(c) a lightly coupled signal from a “master’’ into Pin 17. 
Also, it can be disabled entirely and a 0.25 Vays signal 
1.0 V | 100% driven into Pin 17. 
: p-p) Blue 
Input 
(Pin 5) Modulator Phase Angles are quite accurately estab- 
lished internally. Taking (B-Y) as 0°, burst is at 180°, and 
the angle of (R-Y) is 90° + 3.0°. The (R-Y) angle can be 
“tweaked.” For example, 470 kN from Pin 19 to ground 
(a) ‘ will increase the (R—-Y) to (B—Y) angle about 3.0°. Pulling 
; Pin 19 up will decrease the angle. 
Composite 
: Output 
(Pin 9) Composite Output is dc referenced and can be direct 
coupled to an RF modulator as shown in Figure 3. In 
: this case, the 8.2 V regulator output of the MC1377 is 
divided down to 5.8 V to provide the zero carrier ref- 

(e) erence to Pin 1 of the MC1374. 

Sync 54 8 : : 

Input Burst Generation is provided by a sync triggered 

(Pin 2) ramp on Pin 1 and two internal level sensors. Since the 
early part of this ramp is used, it is quite accurate. Fixed 
R-C values are feasible, as shown in Figure 3. 

(f) 10.5 Sync Input can be varied over a wide latitude but 
neverless must be applied correctly. The typical ac cou- 
pled sync signal has very little positive value and will 

10.0 she require a pull-up resistor to 8.2 Vdc at the input. The 
(Pin 13) sync input is a 10 kO/10 kN divider in the base of a 

common emitter stage. For PAL operation, the correctly 

9.5 serrated vertical sync interval must be used, in order to 
continuously trigger the PAL flip-flop. ‘‘Block” vertical 

(g) 4.35 sync can be used for NTSC. 

Chroma 
ae eee (R-Y)(B-Y)(-Y) signals are generated to NTSC values 
(+5.0%) in the input matrices. They are dc clamped at 
3.65 black level by a sync driven clamp. Burst amplitude is 
internally fixed to correspond to sync level, allowing for 
3.0 dB loss in the chroma bandpass filter. If the filter is 
not used, as shown in Figure 3, a resistor divider should 

(h) 5.2 tacaaaneintes be inserted between Pin 13 and Pin 10 to provide the 

Output proper chroma level. When the chroma bandpass is not 
(Pin 6) used, the (—Y) delay line should also be removed, but 
43 the 1.0 k/1.0 k divider from Pin 6 to Pin 8 should be 
: retained. 
(i) 2.6 Luminance 
Input 
2.1 (Pin 8) 
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FIGURE 3 — COUPLING THE MC1377 TO THE MC1374 RF MODULATOR 


© PAL Vec = +12 Vde 470 
ry ec ) RF Tank: 
i NISC = 0) See MC1374 
< Data Sheet 
3.58 20 14 
4.43 MHz 8.2 Vdc Reference 
220 ue 1S a 
0.1 
f=) 43 k 

320 18 1 

rs 0.001 = 
30 j EME | 3 9 
ae MC1377 
a f= oy 
Inputs 

( G 1.0 k 

es 6} —~Ww-8 

ar 0.001 

5 7 Composite Video 

411 13 
> 1.0k 
10 13 #1411 #12 «#19~=«15 
ah 14 5 10 


FIGURE 4 — VECTORSCOPE DISPLAY 
OF 100% SATURATED NTSC COLOR BARS 


FIGURE 5 — 100% SATURATED PAL COLOR 
BARS ON NTSC VECTORSCOPE 
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m= SEMICONDUCTIO: ey MC1378 
TECHNICAL DATA 


Advance Information COLOR TELEVISION 


COMPOSITE VIDEO OVERLAY 


COLOR TELEVISION COMPOSITE VIDEO OVERLAY SYNCHRONIZER 
SYNCHRONIZER 


. a bipolar composite video overlay encoder and microcom- 
puter synchronizer. The MC1378 contains the complete encoder 
function of the MC1377, i.e. quadrature color modulators, RGB 
matrix, and blanking level clamps, plus a complete complement 
of synchronizers to lock a microcomputer-based video source to P SUFFIX 
any remote video source. The MC1378 is especially tailored to PLASTIC PACKAGE 
work with the Motorola RMS (Raster Memory System), but it can CASE 711 
be applied to other controllable video sources. It can be used as 
a local system timing and encoding source, but it is most valuable 
when used to lock the microcomputer source to a remotely orig- 
inated video signal. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Contains All Needed Reference Oscillators 

P . FN SUFFIX 
Can Be Operated in PAL or NTSC Mode, 625 or 525 Line DA STIC PRCIAGE 
Wideband, Full-Fidelity Color Encoding CASE 777 
Local or Remote Modes of Operation (PLCC-44) 


Minimal External Components ORDERING INFORMATION 
Designed to Operate from 5.0 V Supply 
Will Work with Non-standard Video 


MC1378P Plastic DIP 


MC1378FN 


FIGURE 1 — BLOCK DIAGRAM TYPICAL APPLICATION 


PIN ASSIGNMENTS 


36 MHz Master Clock 
Local/Rem. [7] 1 (1) 


H. PLL Filter (| 2 (2) (43) 39 (1 Comp. Sync Out 
(42)38 7 V. Out/Sync In 
(41) 37 1 Clock PLL Filter 
(40) 36 [J Clock Vcc 
(38) 35 FJ Clock Output 
(37) 34 [J Clock Ground 


H Sync 
3.58/4.43 MHz 


Vert/Comp Sync 


MC1378 


Green 


Composite 


Blue Overlayed 
Video 


10 (11) (34)31 0 Killer Filter 

11 (12) (33) 30 J Quad. Loop Filter 
R-¥ Clamp (J 12 (13) (32) 29 {J PAL Ident. Cap 
B-Y Clamp [Lj 13 (14) (31) 28[] Vcc 

14 (15) (30) 271] Comp. Vid. Out 

15 (16) (29) 26{] Ground 

16 (18) (27)25(0 Overlay Enable 
-Y Output F 17 (19) (26) 24 Rem. Vid. In 

Chroma Out ( 18 (20) (25)23 {J ACC Filter 
Loc. Vid. Clamp (J 19 (21) (24)22(]-Y Input 

Chroma In (J 20 (22) (23)21 [1] Rem. Vid. Clamp 


Video Enable 


Local/Remote 


525/60 
625/50 


*(_ ) PLCC Pin Assignments 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-44 


MC1378 


MAXIMUM RATINGS 


: [symbot [vee [nit] 


Power Dissipation (Package) 
Derate above 25°C 


[CCharacteretic | Pin No | Min | 
Supply Current 28, 36 po te 
Video Output, Open Circuit, Positive he oe ee 


Modulation Angle (R — Y) to (B — Y) 


Local/Remote Switch (TTL) High 


Low Local 


Horizontal Sync Input, Negative Going (TTL) | as | Vp-p 


Vertical Sync Output, Negative Going, 
Remote Mode 


DESCRIPTION OF OPERATION — Refer to Figures 3, 4 
REMOTE MODE 


The incoming remote video signal (Pin 24) supplies all 
synchronizing information. A discussion of the function of the 
phase detectors helps to clarify the lockup method: 


LOCAL MODE 


The MC1378 and RMS combine to provide a fully synchronized 
standard signal source. In this case, composite sync must be 
supplied by the RMS or other time base system. In the MC1378 
the phase detectors operate as follows: 


PD1 — locks the internally counted-down 4 MHz horizontal VCO 
to the incoming horizontal sync. It is fast acting, to follow 
VCR source fluctuations. 

PD2 — locks the 36 MHz clock VCO, which is divided down by 
the RMS, to the divided down horizontal VCO. 

PD3 — is a gated phase detector which locks the 14 MHz crystal 
oscillator, divided by 4, to the incoming color burst. 

PD4— controls an internal phase shifter to assure that the 
outgoing color burst is the same phase as incoming burst 
at PD3. 

PD5 — not used in REMOTE MODE 


PD1 — locks the internally counted-down 4 MHz horizontal VCO 
to a Horizontal Sync signal (at Pin 40) from the RMS 
(counted down from 36 MHz). 

PD2 — not used in LOCAL MODE. 

PD3 — not used in LOCAL MODE. 

PD4— active, but providing an arbitrary phase shift setting 
between the color oscillator and the output burst phase. 

PD5 — locks the 36 MHz clock VCO (which is divided down by 
the RMS) to the 14 MHz (crystal) color oscillator. The 14 
Mhz is, therefore, the system standard in LOCAL MODE, 
and it is not dc controlled. 


COMPOSITE VIDEO GENERATION 

The color encoding at the RGB signals is done exactly as in 
the MC1377. Composite chroma is looped out at Pins 18 and 20 
to allow the designer to choose band shaping. Luminance is 
similarly brought out (Pins 17 and 22) to permit installation of 
the appropriate delay. 

Composite sync output, Pin 39, and burst gate output, Pin 5, 
are provided for convenience only. 


Vertical lock is obtained by continuously resetting the sync 
generator in the RMS with separated vertical sync from the 
MC1378, Pin 38. This signal is TTL level vertical block sync, 
negative going. The horizontal sync from the RMS to Pin 40 is 
also TTL level with sync negative going. The local/remote switch, 
Pin 1, is in local mode when grounded, remote mode when taken 
to 5.0 V. The overlay control, Pin 25, has an analog characteristic, 
centered about 1.0 V, which allows fading from local to remote. 
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FIGURE 2 — MC1378 INTERNAL BLOCK DIAGRAM 
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FIGURE 3 — REMOTE MODE 


Overlay Enable 


Remote 
+5 video Video 
Master Clock 35.8/35.5 MHz Voc Out In 


1.0 uF 


RMS 


TDK 
or other 0L122401D 
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Video 
Source 

6 8 
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Cc CJ 
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12k 
TDK 
DL122401D 
~ 1833 
1.2k 
5 
—_ 
Lj 
RMS 
or other L isear 680 3 4 4 0 14.32/ 
MHz | PAL 2.2 17.73 MH: 
Local Remote NTSC 1 : 2 
Cer} ° 0.00 k7y 220 
Video (Low) 18k R 20 pF 
Source soit 19.022 ie OTs 
T T eal Burst 
= = = Gate © = 47/33 
a Out 3.3 i 
Lk, 
aa 
| ts 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-47 


MOTOROLA 
m= SEMICONDUCTOR oxy 


TECHNICAL DATA 


Advance Information 


MULTISYNC MONITOR 


MULTISYNC MONITOR TTL 
TO ANALOG INPUTS INTERFACE 


The MC1382 is a companion chip of the MC1381/3/4 series for 
multisync monitor applications. It performs the conversion of TTL 
inputs from either non-IBM PC or standard IBM CGA or EGA color 
graphic boards to analog R.G.B. outputs for direct interfacing with 
the MC1381 series. It also performs the necessary signal switching 
for IBM CGA/EGA color mode selection and 7 text colors selection. 


BLOCK DIAGRAM 


BRTgut CONTout 


Contrast 
Brightness 
Control Buffers 


Level 
Shift 
and 
Output 
Buffers 


Color Mode Logic 


sdaututiaqhets = 
10° OBO 4ORO 16¢5 1265 
MS1 MS2 TR TG TB TA Vsyne 


TTL TO ANALOG 
INPUT INTERFACE 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 724 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751E 
(SO-24L) 


PIN ASSIGNMENTS 


ORDERING INFORMATION 


|_mc1382DW | SO-24L 


| mc1382P 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC1382 


MAXIMUM RATINGS 


Rating Symbol Value Unit | 
Supply Voltage (Vec1 Vec2 6.5 V 
Power Dissipation Pp 550 
Input Voltage Range 
Operating Temperature Range 
Storage Temperature Range 
Operating Junction Temperature Ty + 150 °C 
NORMAL OPERATION (Vcc = 5.0 V, Output Loading 75 Ohms) 
Characteristics Symbol Min Typ Max Unit 
— fa 
Supply Voltage Vec1, Vec2 4.5 5.0 5.5 Vv 
R, B, G, GW, BI, RI Input Voltage H Vin 0.7 Vcc _ _ V 
L _ _ 0.5 
|— + 
R, B, G, GI/I, BI, RI Input Impedance Rin — 10 — kQ 
—— t =t 
R, B, G, GI/I, Bl, RI Input Capacitance Cin = _ 4.0 pF 
Rout: Gout Bout Voltage Vo im 1.0 1.2 _ Vp-p 
Bandwidth BW 20 _ _ MHz 
MS1, MS2, TR, TG, TB, T/A, Veync Input H 3.5 — — Vv 
L fe — 0.5 
t 
MS1, MS2, TR, TG, TB, T/A Input Impedance Rin2 2S 15 _— kQ | 
Brightness Output BRTout VBRT Vv 
IBM-TTL Mode (Ta = 1”) cis ~ 
Analog Mode or Non-!BM-TTL Mode 
(Ta = “O" or MS1/MS2 # 11") ae es 4.7 
Brightness Output BRT out VBRT 0.3 2.5 i 47 Vv 
Contrast Output CONTout VCONT i 0.3 _— 4.7 
Contrast Control Range _ 16 20 dB 
Quiescent Current Iee1 aa 40 — mA 
(All R, B, G, GI‘, BI, Rl Inputs at low and put on EGA mode) Icc2 rand 30 _ 
+ —- 
| BRTin, CONTin Input Control Range 0.2 — | 40 | V 
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PIN FUNCTION DESCRIPTION 


Pin No. Function Description 
— 
1 BRTin Brightness control input. 
2 CONTjn Contrast control input. 
3 R TTL input for primary Red. 
4 RI TTL input for secondary Red. 
5 G TTL input for primary Green. 
6 GI/I TTL input for secondary Green or Intensity. 
7 GND2 Ground pin for the TTL inputs. 
8 B TTL input for primary Blue. 
9 BI TTL input for secondary Blue. 
10, 11 MS1, MS2 Logic combination of these 2 pins selects the mode of operation, 
either IBM or (8/64) non-IBM colors. 
12 Vsyne Connect to MC1381 Sync-Polarity output. 
13, 14,15 | TR, TG, TB | Logic combination of these 3 pins determines one of seven colors 
displayed for the text. 
16 T/A TTL/ANALOG input format select. ‘1’ for TTL and ‘0” for ANALOG. 
17 Bout Analog output for Blue. 
18 GND1 Quiet ground for the circuit. 
19 Gout Analog output for Green. 
20 Vcc2 Positive power supply for the analog output circuit. Maximum input is 5.0 volts. 
21 Rout Analog output for Red. 
22 Vcec1 Clean power supply for the chip. 5.0 Volts maximum. 
23 CONTout Contrast control output. 
| 24 | BRTout _| Brightness control output. 
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FEATURES: 


Accepts IBM-TTL (CGA, EGA) and non-IBM 8/64 TTL 
color inputs of R, B, G, | or R, G, B, RI, BI, GI. 

Logic combination of pins MS1, MS2 selects the 
desired mode of IBM or non-IBM (8/64) operation. 

COLOR MODE MS1 
8 L 
8 L 
64 H 

H 


cess 
N 


IBM-TTL Mode 

The chip automatically adjusts itself to generate 16 
color (CGA) or 64 color (EGA) based on the polarity of 
vertical sync. Only R, B, G, | inputs will be decoded if 
the vertical sync is positive. On the other hand, R, G, B, 
RI, Gl and BI will be decoded if negative vertical sync 
is detected. The vertical sync polarity indication is gen- 
erated from the sync polarity detector in the time base 
portion of the MC1381, and the input to “V sync” on 
the MC1382. If the voltage is higher than 3.0 V, it indi- 
cates CGA mode. If lower than 3.0 V, this signifies EGA 
mode. 

The colors will follow the IBM standard as shown in 
the color chart below. 


Text Mode Selection 

Seven colors can be selected by TR, TG, TB inputs or 
set by software program from the graphic board. The 
truth table is as follows: 


TEXT COLOR T™ TG TB 
RED H L L 
GREEN L H L 
BLUE L L H 
YELLOW H H L 
CYAN L H H 
MAGENTA H L H 
WHITE H H H 
# NORMAL L L L 


# Text color is set by a software program from the 
color graphics board. 


Converts TTL inputs to RGB analog outputs with 75 
ohm loading capability. 

The T/A pin is used to select the input sources of TTL 
or Analog formats. lf T/A goes to the high state, TTL 
input format is selected, and the TTL to Analog con- 
version circuit is enabled. It then converts either R, G, 
B, | or R, G, B, RI, GI, BI TTL inputs into R, G, B Analog 
outputs of 1.2 V at 75 ohm external loading. 

If the T/A pin is pulled low, the TTL to Analog con- 
version circuit is disabled, and the outputs of the con- 
version Circuit go to high impedance. Analog signals 
are fed directly to the MC1381, and the brightness and 
contrast controls will be processed by the MC1381. 


TABLE 1 — IBM COLOR CHART 


COLOR ! R G B Ri Gi BI R G B 
en 
Black 0 0 (6) 0 0 0 0 0 0 0 
Blue 0 0 0 1 0 0 0 0 0 1 
Green 0 0 1 0 0 0 0 0 1 0 
Cyan 0 0 1 1 0 0 0 0 1 1 
Red 0 1 0 0 0 0 0 1 0 0 
Magenta 0 1 0 1 0 0 0 1 0 1 
Brown 0 1 1 0 0 1 0 1 0 0 
White 0 1 4 1 0 0 0 1 1 1 
Black (CGA)/Dark Gray (EGA) 1 0 0 0 1 1 1 0 0 0 
Light Blue 1 0 0 1 1 1 1 0 0 1 
Light Green 1 0 1 0 1 1 1 0 1 0 
Light Cyan 1 0 1 1 1 1 1 0 1 1 
ize ee facade 4 
Light Red 1 1 0 0 1 1 1 1 0 0 
Light Magenta 1 1 0 1 1 1 1 1 0 1 
Yellow 1 1 1 0 1 1 4 1 1 0 
Intensified White 1 1 1 1 1 1 1 1 1 1 | 
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Contrast and Brightness Controls 

In IBM-TTL mode, the contrast control complies with 
the IBM standard. It controls the gain of nonintensified 
colors in CGA mode or intensified colors in EGA mode. 

The brightness control is not performed in the 
MC1382 but in the MC1381 companion chip. The TTL 
brightness input is provided at CONToyt for connection 
to the MC1381 for control of the R, B, G gain. 


Analog or Non-IBM-TTL Mode 

The contrast and brightness controls are performed 
in the MC1381 companion device. The BRTjp and 
CONT}, directly output to BRT gyt and CONToyt respec- 
tively without any signal processing within MC1382. 


TABLE 2 — CONTROL MODES — PIN ROUTING FOR 
IBM AND NON-IBM MODES 


IBM TTL Mode 
TA = "1" 


CONTjn = Internal Contrast 
Control Circuit 


BRTin — CONTout 


BRToyt — 2.5 Volts 


BRTin > BRT out 


Analog Mode or non-IBM-TTL Mode 
T/A = “0” or MS1/MS2 4 “11” 


CONTjn > CONTout 


FIGURE 1 — SIMPLIFIED “MULTISCAN” MONITOR SYSTEM 


Analog 
Video 
Signals 


Signals 


Output 
Drivers 


Vert. Drv 
Hor. Drv 
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MOTOROLA 
= SEMICONDUCTOR ayy 
TECHNICAL DATA 


Advance Information 


MULTIMODE MONITOR 


MULTIMODE MONITOR PROCESSOR 
HORIZONTAL, VERTICAL, AND VIDEO 
COMBINATION PROCESSOR 


The MC1383 includes all the signal processing functions for a 
scan frequency agile and multiple sync system adaptable analog 
RGB monitor. The device includes the following functions: 


@ Automatic horizontal frequency tracking of all commonly 
used personal computer and broadcast standards, infinitely 
variable from 15.5 to 40 kHz. 


@ The positive vertical output pulse is automatically polarity 
corrected. 


@ The 50 MHz video system includes contrast and brightness 
controls with automatic beam limiter. The video drivers can 
be used as the lower device in a cascode output stage. 


P SUFFIX 


PLASTIC PACKAGE 
CASE 711 


APPLICATION BLOCK DIAGRAM 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC1383 


MAXIMUM RATINGS 


Rating Symbol | Value Unit 
Supply Voltage Vcc 10 V 
Operating Temperature Range TA —10 to +60 °C 
| Storage Temperature Range Tstg —65 to + 150 °C 
Junction Temperature TY +150 °C 


NORMAL OPERATION (Ta = 25°C, Vcc = 8.0 V, using application circuit) 


Characteristic Condition 
Supply Voltage Pins 31, 40. 
Supply Current Pins 31, 40 Excluding current at _ 40 — mA 
| Pins 23, 26, 29 | 
| Internal Regulator Pin 5 0.57 I 0.625 0.68 | XVCC 
Horizontal Frequency Range , 185 | | 40 | kHz | 
Short Term Horizontal Pull-In Range Time = < 5.0 ms — +5.0 saan %oFH 
Long Term Horizontal Pull-in Range Time = > 500 ms 15.5 ao 40 | kHz 
Horizontal Picture Position Adjustment Range V36 = 0-8.0V -20 — +20 %TH 7 
Horizontal Output Duty Cycle Adjustment [vss = 0-8.0 V 2:1 _ 1:2 
X-Ray Horizontal Shutdown Threshold ] 0.4 i 0.6 Bi 0.9 } Vv | 
Vertical and Horizontal TTL Input Threshold | 1.5 Ae 2.0 2.5 | Vv 
Comp. Video Sync. Sep. Input Level T Blanking to sync tip 0.1 —_ 2.0 Vv 
Comp. Video Sync. Sep. Drive Impedance — _— 1.0 k Ohms i} 
Horizontal Oscillator Free Run Temperature Drift Pin 7 open circuit | —_— 1 | 300 [ ppmi'c | 
Source Current for 15.5 kHz FH Isource Pin 8 — 120 —_ pA 
Source Current for 40 kHz FH Isource Pin 8 = | 320 — {| BA | 
Horizontal Drive Output Current V34 low — — 40 mA 
Horizontal Drive Output Voltage 134 = 40 mA — [ = 03 | Vv 
Source Current for Pins 11, 13 —_— 0.5 _— XIPin8 
Voltage Threshold at Pins 11, 13 cE _ [ 0.625 — : XVcc 
Hysteresis Voltage of Threshold Pins 11, 13 —_ 120 _ mV "| 
Voltage Pins 10, 12 Ipins 10, 12 < 10 pA [\Sen hes 12 | Vv 
Pins 10, 12 Ipins 10,12 = 10 mA pee (ee | 0.3 \ | 
Vertical Output Pulse Amplitude Pin 39 — |} 40 eee Vv | 
i Video Source Impedance Pins 15, 16, 17 JI eS oe 100 Ohms 
Video Input Level Pins 15, 16, 17 0.5 I 0.7 1.2 ml Vp-p | 
Video Output Current Pins 23, 26, 29 Peak white with nominal _— _— 60 mA 
black level 
| Video Bandwidth —3.0 dB Pins 15-28, 16-25, 17-22 AV = 45 ae — | Mrz | 
Brightness Control Range Vig = 0-5.0 V (Measured at _ +0.5 _ Vv 
Pins 22, 25, 28) Lo | 


MOTOROLA LINEAR/‘INTERFACE DEVICES 


9-54 


MC1383 


NORMAL OPERATION — continued (Ta = 25°C, Vcc = 8.0 V, using application circuit) 


Characteristic Condition Min Typ | Max | Unit 
Contrast Control Range Neg =0-80°V = 26 | =. ide 
Nominal Video Voltage Gain Pins 15-28, 16-25, 17-22 Vig = 5.0V - in | 
Video Clamp Reference Voltage Pin 30 S 2.5 ! she Vv | 
Video Output Clamp Voltage Vig = 2.5V _ 2.5 —_— Vv 


INTERNAL BLOCK DIAGRAM 
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MC1383 


SIMPLIFIED BLOCK DIAGRAM DESCRIPTION 


5.0 Volt Regulator — The regulator reference is derived 
from the Vcc. This is buffered and used as an internal 
voltage source for many functions within the device. 


Sync Input Control — In this block the polarity of the 
TTL sync inputs is monitored and corrected automati- 
cally. In the absence of horizontal or composite TTL sync 
the default input becomes the composite sync separa- 
tor. The integrator that forms part of the vertical polarity 
correction has an external capacitor, the voltage at 
which can be used to determine the polarity of the ver- 
tical TTL sync and therefore the mode of certain PC 
graphics standards. The MC1382 uses this pin for mode 
control. 


Vsync Buffer — This stage is used to drive an external 
vertical timebase with a positive Vsync Pulse. 


32H Oscillator — A current controlled oscillator running 
at 32 times horizontal rate is locked to the external hor- 
izontal sync using a PLL. 


Divide by 32 and Clamp Pulse Decoder — The 32H oscil- 
lator frequency is divided down to H frequency and a 
pulse decoded for back porch clamping of the video. 


Dual Current Source, I¢jx yar — The fixed and variable 
current sources control the 32H oscillator as part of the 
phase-locked loop. The variable source is used else- 
where in the device for various horizontal frequency 
dependent functions. 


Primary Phase Detector and Unity Gain Buffer — The 
Hsync and H signals are phase compared and used to 
drive a unity gain buffer the output of which is used to 
control lyar, thus completing the PLL. 


Horizontal Lock Control — This block provides fre- 
quency agility to the horizontal PLL. 


FH Switches — Two comparators compare the internal 
5.0 V reference with the voltage developed across exter- 
nal resistors by one-half of lygr provide programmable 
frequency dependent TMOS driver levels for horizontal 
output stage control. 


Hramp1 and Comparator 1 — The picture position is 
controlled by slicing the output of Hrampt1- 


Hramp2, Comparator 2 and Comparator 3 — These 
blocks control the duty cycle and position of the hori- 
zontal drive pulse. 


Secondary Phase Detector — Horizontal flyback is com- 
pared with Comparator 2 output to provide automatic 
compensation for horizontal output stage turn-off delay. 


X-Ray Latch and Horizontal Drive — If the threshold of 
the latch is exceeded the horizontal drive is permanently 
on until the Vcc is removed. 


Brightness and Contrast Processor — The dc video con- 
trols are distributed to the video stages and a clamp 
reference voltage is developed for the output stages. 


Video Input and Video Drivers — The video signals are 
processed clamped and amplified to provide either an 
emitter follower or lower stage of a cascode amplifier 
to drive the high voltage output stage. 
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MULTIMODE MONITOR MULTIMODE MONITOR 


HORIZONTAL, VERTICAL, AND VIDEO PROCESSOR 
COMBINATION PROCESSOR WITH VERTICAL TIMEBASE 


WITH VERTICAL TIMEBASE 


The MC1384 includes all the signal processing functions for a 
resistor programmable fixed frequency and multiple sync source 
RGB monitor and includes the following functions: 

e@ Automatic horizontal frequency tracking of all commonly 

used personal computer and broadcast standards, resistor 

programmable from 15.5 to 40 kHz. 

The vertical timebase operates from 45 to 80 Hz. 

@ The 50 MHz video system includes contrast and brightness 
controls with automatic beam limiter. The video drivers can 
be used as the lower device in a cascode output stage. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


APPLICATION BLOCK DIAGRAM 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-58 


MAXIMUM RATINGS 


MC1384 


black level 


Rating Symbol Value Unit 
/ Supply Voltage Vec 10 Vv 
Operating Temperature Range | TA -—10 to +60 °C 
Storage Temperature Range | Tstg -65 to +150 SC 
Junction Temperature Ty +150 °c 
NORMAL OPERATION (Ta = 25°C, Vcc = 8.0 V, using application circuit) 
Characteristic Condition Sct Min Typ { Max Unit 
Supply Voltage Pins 31, 20 7.6 8.0 8.4 a Volts_| 
Supply Current Pins 31, 20 Excluding current at _ 40 — mA 
Pins 12, 15, 18 
Internal Regulator Pin 38 0.57 0.625 0.68 XVcc 
Horizontal Frequency Range (With components shown, a ca _ a5 40 if kHz “| 
FH = 31.5 kHz) a Oe | 
Horizontal Pull-In Range ans | =5.0 | — Mites | 
Horizontal Picture Position Adjustment Range V25 = 0-8.0 V -20 _ +20 %TH 
Horizontal Output Duty Cycle Adjustment V24 = 0-8.0 V 2:1 _ 1:2 | 
X-Ray Horizontal Shutdown Threshold [04 iE 0.6 0.9 | Vv | 
Vertical and Horizontal TTL Input Threshold 1.5 2.0 2.5 Vv 
Comp. Video Sync. Sep. Input Level Blanking to sync tip 0.1 — 2.0 Vv 
Comp. Video Sync. Sep. Drive Impedance Pe ee ST ak onms| 
Horizontal Oscillator Free Run Temperature Drift Pin 2 open circuit = _ 300 ppm/°C 
Source Current for 40 kHz FH lsource Pin 1 — 320 _ pA 
Horizontal Drive Output Current Pvozlow (sti (itstsé‘iCs—~«sE «fl mA 
Vertical Synchronization Range FVnom = 60 Hz _ 12 —_ Hz 
Vertical Ramp Amptitude — _— 3.0 Vp-p 
Vertical Ramp Output Current — _ 2.0 mAp-p 
Vertical Ramp Nonlinearity es ce eos 1.0 % 
| Vertical Ramp Frequency Range 45 — | 80 Hz 
Vertical! Free Run Temperature Drift FV = 60 Hz [fe Ss SP 0.01 | cas H2/°C 
Vertical Free Run Drift with Vcc FV = 60 Hz _ 0.5 — H2/V 
Video Source Impedance Pins 4, 5, 6 7 an 100 _|_ Ohms 
Video Input Level Pins 4, 5, 6 0.5 0.7 1.2 Vp-p 
Video Output Current Pins 12, 15, 18 Peak white with nominal _ = | 60 mA 
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MC1384 


NORMAL OPERATION — continued (Ta = 25°C, Vcc = 


8.0 V, using application circuit} 


| Characteristic Condition Min Typ Max Unit 
T r 
Video Bandwidth —3.0 dB Pins 4-17, 5-14, 6-11 AV = 4.5 50 _— Fae gall MHz 
Brightness Control Range Vg = 0-5.0 V (Measured at — +05 — Vv 
Pins 11, 14, 17) 

L a J 
| Contrast Control Range V7 = 0-5.0V _ 260] = dB 

Nominal Video Voltage Gain Pins 4-17, 5~14, 6-11 = 5.0V — 4.5 | = | 
| Video Clamp Reference Voltage Pin 19 — 2.5 _— Vv 

; ak 
| Video Output Clamp Voltage =25V — 2.5 — Vv | 
INTERNAL BLOCK DIAGRAM 
3736 35-34 31-38 32 30 29 28 25 27 
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SIMPLIFIED BLOCK DIAGRAM DESCRIPTION 


5.0 Volt Regulator — The regulator reference is derived 
from the Vcc. This is buffered and used as an internal 
voltage source for many functions within the device. 


Sync Input Control — In this block the polarity of the 
TTL sync inputs is monitored and corrected automati- 
cally. In the absence of horizontal or composite TTL sync 
the default input becomes the composite sync separa- 
tor. The integrator that forms part of the vertical polarity 
correction has an external capacitor, the voltage at 
which can be used to determine the polarity of the ver- 
tical TTL syne and therefore the mode of certain PC 
graphics standards. The MC1382 uses this pin for mode 
control. 


Vertical Oscillator — This oscillator is injection-locked 
by the signal from the sync input control and provides 
a drive for the vertical ramp generator. 


Vertical Ramp Generator — An adjustable linearity and 
amplitude vertical rate ramp is generated-locked to the 
vertical oscillator. 


32H Oscillator — A current controlled oscillator running 
at 32 times horizontal rate is locked to the externai hor- 
izontal sync using a PLL. 


Divide by 32 and Clamp Pulse Decoder — The 32H oscil- 
lator frequency is divided down to H frequency and a 
pulse decoded for back porch clamping of the video. 


Dual Current Source, I¢jx lyary — The fixed and variable 
current sources control the 32H oscillator as part of the 
phase-locked loop. The variable source is used else- 
where in the device for various horizontal frequency 
dependent functions. 


Primary Phase Detector and Unity Gain Buffer — The 
Hsync and H signals are phase compared and used to 
drive a unity gain buffer the output of which is used to 
control lyar, thus completing the PLL. 


Horizontal Lock Control — This biock provides fre- 
quency agility to the horizontal PLL. 


Hramp1 and Comparator 1 — The picture position is 
controlled by slicing the output of Hramp1- 


Hramp2. Comparator 2 and Comparator 3 — These 
blocks control the duty cycle and position of the hori- 
zontal drive pulse. 


Secondary Phase Detector — Horizontal flyback is com- 
pared with Comparator 2 output to provide automatic 
compensation for horizontal output stage turn-off delay. 


X-Ray Latch and Horizontal Drive — If the threshold of 
the latch is exceeded the horizontal drive is permanently 
on until the Vcc is removed. 


Brightness and Contrast Processor — The dc video con- 
trols are distributed to the video stages and a clamp 
reference voltage is developed for the output stages. 


Video Input and Video Drivers — The video signals are 
processed clamped and amplified to provide either an 
emitter follower or lower stage of a cascode amplifier 
to drive the high voltage output stage. 
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TV HORIZONTAL PROCESSOR 


TV HORIZONTAL 
PROCESSOR 


. low-level horizontal sections including phase detector, oscillator 
and pre-driver — a device designed for use in all types of television 
receivers. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


® Internal Shunt Regulator 
Preset Hold Control Capability 
+300 Hz Typical Pull-tn 

Linear Balanced Phase Detector 


Variable Output Duty Cycle for Driving Tube or Transistor 
Low Thermal Frequency Drift 


Small Static Phase Error 
Adjustable dc Loop Gain 1 


Positive Flyback Inputs P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


Vinonreg 


Bow FIGURE 1 — TYPICAL APPLICATION CIRCUIT 
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This circuit has an oscillator pull-in range of +300 Hz, a noise bandwidth 
of 320 Hz, and a damping factor of 0.8. 
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MC1391P 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Dissipation (Package Limitation) 
Plastic Package 
Derate above Ta = +25°C 


Operating Temperature Range (Ambient) 
Storage Temperature Range 


Characteristic 


Regulated Voltage (Pin 6) 
Supply Current (Pin 6) 


Collector-Emitter Saturation Voltage (Output Transistor 
Q1 in Figure 6) 
(I¢ = 20 mA, Pin 1) Vde 


Voltage (Pin 4) 
Oscillator Pull-in Range (Adjust Ry in Figure 2) 
Oscillator Hold-in Range (Adjust Ry in Figure 2) 


Static Phase Error 
(Af = 300 Hz) 


Free-running Frequency Supply Dependance 
($1 in position 2) 

Phase Detector Leakage (Pin 5) 
(All switches in position 2) 


Sync Input Voltage (Pin 3) 


Sawtooth Input Voltage (Pin 4) 


+ 
o 
[=] 
oO 


+3.0 


FIGURE 2 — TEST CIRCUIT 
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A, FREQUENCY (Hz) 


MC1391P 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 3 — FREQUENCY versus TEMPERATURE 


FIGURE 4 — FREQUENCY DRIFT versus WARM-UP TIME 
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FIGURE 5 — MARK SPACE RATIO 
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FIGURE 6 — CIRCUIT SCHEMATIC 
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CIRCUIT OPERATION 


The MC1391P contains the oscillator, phase detector and 
predriver sections needed for a television horizontal APC loop. 

The oscillator is an RC type with one pin (Pin 7) used to 
control the timing. The basic operation can be explained easily. 
If it is assumed that Q7 is initially off, then the capacitor con- 
nected from Pin 7 to ground will be charged by an external 
resistor (Rc) connected to Pin 6. As soon as the voltage at Pin 
7 exceeds the potential set at the base of Q8 by resistors R8 
and R10, Q7 will turn on and Q6 will supply base current to 
Q5 and Q10. Transistor Q10 will set a new, lower potential at 
the base of 08 determined by R8, R9 and R10. Then, transistor 
Q5 will discharge the capacitor through R4 until the base bias 
of Q7 falls below that of 08, at which time Q7 will turn off and 
the cycle repeats. 

The sawtooth generated at the base of 04 will appear across 
R3 and turn off Q3 whenever it exceeds the bias set on Pin 8. 
By adjusting the potential at Pin 8, the duty cycle (MSR) at the 
predriver output pin (Pin 1) can be changed to accommodate 


either tube or transistor horizontal output stages. 

The phase detector is isolated from the remainder of the 
circuit by R14 and Z2. The phase detector consists of the com- 
parator Q15, Q16 and the gated current source O17. Negative 
going sync pulses at Pin 3 turn off Q12 and the current division 
between Q15 and Q16 will be determined by the phase rela- 
tionship of the sync and the sawtooth waveform at Pin 4, which 
is derived from the horizontal flyback pulse. If there is no phase 
difference between the sync and sawtooth, equal currents will 
flow in the collectors of 015 and Q16 each for half the sync 
pulse period. The current in Q15 is turned around by 018 so 
that there is no net output current at Pin 5 for balanced con- 
ditions. When a phase offset occurs, current will flow either in 
or out of Pin 5. This pin is connected via an external low-pass 
filter to Pin 7, thus controlling the oscillator. 

Shunt regulation for the circuit is obtained with a zero tem- 
perature coefficient from the series combination of D1, D2 and 
Z1. 


APPLICATION INFORMATION 


Although it is an integrated circuit, the MC1391P has all the 
flexibility of a conventional discrete component horizontal APC 
loop. 

The internal temperature compensated voltage regulator 
allows a wide supply voltage variation to be tolerated, enabling 
Operation from nonregulated power supplies. A minimum 
value for supply current into Pin 6 to maintain zener regulation 
is about 18 mA. Allowing 2 mA for the external dividers 


Vnonreg(min) —8.8 


Ra + RB = 50x 10-3 


Components Ra, Rg and Ca are used for ripple rejection. If 
the supply voltage ripple is expected to be less than 100 mV 
(for a 30 Volt supply) then Ra and Rp can be combined and 
Ca omitted. 

The output pulse width can be varied from 6 ys to 48 us by 
changing the voltage at Pin 8 (see Figure 5). However, care 
should be taken to keep the lead lengths to Pin 8 as short as 
possible to prevent ringing which can result in erroneous out- 
put pulses at Pin 1. The parallel impedance of Rp and Rg should 
be close to 1 kO to ensure stable pulse widths. 


For 15 mA drive at saturation 


Vnonreg ~ 9.3 


Re = 
Fe "5 x 10-3 


The oscillator free-running frequency is set by Rc and Cg 
connected to Pin 7. For values of R¢ > Rgischarge (R4 in Figure 
6), a useful approximation for the free-running frequency is 


1 


fgrteea 
0 ~ 0.6 RcCR 


Proper choice of Rc and Cg will give a wide range of oscil- 
lator frequencies — operation at 31.5 kHz for count-down cir- 
cuits is possible for example. As long as the product RcCg = 
10-4 many combinations of values of Rc and Cg will satisfy 
the free-running frequency requirement of 15.734 kHz. How- 
ever, the sensitivity of the oscillator (8) to control-current from 
the phase detector is directly dependent on the magnitude of 
Rc, and this provides a convenient method of adjusting the dc 
loop gain (fc). 


For a given phase detector sensitivity (u) = 1.60 x 10~4 A’rad 
fc = uwB and B = 3.15 x Rc Hz/mA 


Increasing R¢ will raise the dc loop gain and reduce the static 
phase error (S.P.E.) for a given frequency offset. Secondary 
effects are to increase the natural resonant frequency of the 
loop (wp) and give a wider pull-in range from an out-of-lock 
condition. The loop will also tend to be underdamped with fast 
pull-in times, producing good airplane flutter performance. 
However, as the loop becomes more underdamped impulse 
noise can cause shock excitation of the loop. Unlimited 
increase in the dc loop gain will also raise the noise bandwidth 
excessively causing horizontal jitter with thermal noise. Once 
the dc loop gain has been selected for adequate S.P.E. perfor- 
mance, the loop filter can be used to produce the balance 
between other desirable characteristics. Damping of the loop 
is achieved most directly by changing the resistor Rx with 
respect to Ry which modifies the ac/dc gain ratio (m) of the 
loop. Lowering this ratio will reduce the pull-in range and noise 
bandwidth (fnn). (Note: very large values of Ry will limit the 
control capability of the phase detector with a corresponding 
reduction in hold-in range.) 

Static phasing can be adjusted simply by adding a small 
resistor between the flyback pulse integrating capacitor and 
ground. The sync coupling capacitor should not be too small 
or it can charge during the vertical pulse and this may result 
in picture bends at the top of the CRT. 


NOTE: 
In adjusting the loop parameters, the following equations may 
prove useful: 


7 1x x2 Twe 
nn 4yT 

= We 
as Ji + x)T 
K — X*Twe 

4 

R 
eos 

Ry 
Wo = 27 fc 
T=RyCc 
where: 


K = loop damping coefficient 
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MOTOROLA 
m= SEMICONDUCTOR oxy 
TECHNICAL DATA 


ELECTRONIC ATTENUATOR ELECTRONIC ATTENUATOR 
The MC3340P is a simple but very effective electronic atten- SILICON MONOLITHIC 
uator. This device offers up to 80 dB of attenuation control for INTEGRATED CIRCUIT 


frequencies to 1.0 MHz. THD (distortion) is less than 1 percent — 
up to 15 dB attenuation and less than three percent — up to 40 dB. 
Typical uses include instrumentation control, remote control 
audio amplifiers, electronic games, and CATV (cable TV) set-top 
converter audio control. 


@ Designed for use in: 
DC Operated Volume Control 
Compression and Expansion Amplifier Applications 


@ Controlled by DC Voltage or External Variable Resistor 
@ Economical 8-Pin Dual-In-Line Package 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


PIN ASSIGNMENTS 
MAXIMUM RATINGS (Ta, = + 25°C unless otherwise noted) 


Rating Symbol Value Unit 
Power Supply Voltage Vcc 20 Vde 
Power Dissipation @ Ta = 25°C Pp 1.2 Watts 
Derate above Ta = 25°C 10 mWw/°C 
Operating Ambient Temperature Range TA | Oto +75 °C 


Remotely 
Located 
Potentiometer 
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MC3340P 


ELECTRICAL CHARACTERISTICS (e;,, = 100 mV (RMS), f = 1.0 kHz, Vcc = 16 Vdc, Ta = +25°C unless otherwise noted.) 


Soo 


Circuit Characteristic Min Typ Max Unit 
$$$} 
a 
Operating Power Supply Voltage 8.0 — 18 Vdc 
a + $$} 
Control Terminal Sink Current, Pin 2 — — 2.0 mAdc 
(ein = 0) 
Maximum I!nput Voltage _ — 0.5 | ViRMS) 
Voltage Gain 11 13 _— dB 
Been cae —— 
= > = Attenuation Range from Max Gain 70 80 — dB 
(V2 = 6.5 Vdc) L 
Total Harmonic Distortion (Pin 2 Gnd) _— 0.6 1.0 % 
(ein = 100 mV (RMS), €g = Ay X e jn) 
aoa mene ane td 


FIGURE 2 — CIRCUIT SCHEMATIC 


8 
Vcc 
5.1k 5.1k 
© Rolloff 
© Output 
47k 
Control 
30 L Input 
510 
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ATTENUATION (dB) 


VOLTAGE GAIN (dB) 


MC3340P 


TYPICAL ELECTRICAL CHARACTERISTICS 
(Vcc = 16 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 3 — ATTENUATION 
versus DC CONTROL VOLTAGE 


V2, CONTROL VOLTAGE (VOLTS) 


FIGURE 5 — FREQUENCY RESPONSE 


Input voltage (ein) = 10+ 
Baill Pin 6 uncompensated al 


0 
100 10k 10k 100 k 10M 10M 100M 
FREQUENCY (Hz) 


FIGURE 4 — ATTENUATION 
versus CONTROL RESISTOR 


ATTENUATION (dB) 


=r tT 
0 dB Reterence = 
f= 1.0 kHz + 


40 60 80 8610 15 20 3 
Rc, CONTROL RESISTOR (k OHMS) 


FIGURE 6 — OUTPUT VOLTAGE SWING 


QUTPUT VOLTAGE SWING (Vp-p) 


SUPPLY VOLTAGE (VOLTS) 


FIGURE 7 — TOTAL HARMONIC DISTORTION 


TOTAL HARMONIC DISTORTION ( 5) 


0 dB Reference = 13 dB Gain 
f= 1.0 kHz 
&9 = 2.5 V(RMS) 


ATTENUATION (dB) 
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MOTOROLA 
= SEMICONDUCTOR xox 
TECHNICAL DATA 


ONE DIFFERENTIALLY CONNECTED GENERAL PURPOSE 
PAIR AND THREE TRANSISTOR ARRAY 
ISOLATED TRANSISTOR ARRAY 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3346 is designed for general purpose, low power appli- 
cations for consumer and industrial designs. 


@ Guaranteed Base-Emitter Voltage Matching 
@ Operating Current Range Specified — 10 uA to 10 mA 
@ Five General-Purpose Transistors in One Package 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


MAXIMUM RATINGS 


eT 


Collector-Substrate Voltage Vcio 
Device Temperature Range 


Total Power Dissipation @ Ta = 25°C 1.2 Watts 
Derate above 25°C 10 mw/°c 
Derate Each Transistor @ 25°C 
MC3346D 


Storage Temperature Range MC3346P 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751A 
(SO-14) 


ORDERING INFORMATION 

Package 
$O0-14 
Plastic DIP 


- 40°C to +85°C 


Pin 13 is connected to substrate and must remain at the lowest circuit potential. 
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MC3346 


ELECTRICAL CHARACTERISTICS 


Characteristic Symbol | Min Typ Max Unit = 


STATIC CHARACTERISTICS 


Collector-Base Breakdown Voltage ViBR)CBO 20 60 _ Vde 
(I¢ = 10 4Adc) 
r \ 6 | T 
Collector-Emitter Breakdown Voltage V(BR)CEO 15 _ _ Vde 
(l¢ = 1.0 mAdc) | 
Collector-Substrate Breakdown Voltage V(BR)CIO 20 60 Vde 


(ic = 10 pA) 


Emitter-Base Breakdown Voltage V(BR)EBO 5.0 | 7.0 = Vdc ] 


(IE = 10 pAde) 


Collector-Base Cutoff Current 
(Vcp = 10 Vdc, IE = 0) 


DC Current Gain 
(I¢ = 10 mAdc, VcgE = 3.0 Vdc) 
(i¢ = 1.0 mAdc, VcE = 3.0 Vdc) 
(Ic = 10 wAdc, Vee = 3.0 Vdc) 


Base-Emitter Voltage 
(VcE = 3.0 Vdc, IE = 1.0 mAdc) 
(VcE = 3.0 Vdc, IE = 10 mAdc) 


Input Offset Current for Matched Pair Q1 and Q2 
(VcE = 3.0 Vde, Ic = 1.0 mAdc) 


Magnitude of Input Offset Voltage 
(VcE = 3.0 Vde, Ic = 1.0 mAdc) 


Temperature Coefficient of Base-Emitter Voltage 
(VcE = 3.0 Vdc, I¢ = 1.0 mAdc) 


MW 


Temperature Coefficient 


Collector-Emitter Cutoff Current 
(VcE = 10 Vdc, Ip = 0) 


DYNAMIC CHARACTERISTICS 


Low Frequency Noise Figure 
(VcE = 3.0 Vde, Ic = 100 nAdc, Rg = 1.0 kO, f = 1.0 kHz) 
Forward Current Transfer Ratio 

(VcE = 3.0 Vdc, Ic = 1.0 mAdc, f = 1.0 kHz) 
Short-Circuit Input Impedance 
(VcE = 3.0 Vde, Ic = 1.0 mAdc) 


Open-Circuit Output Impedance 
(VcE = 3.0 Vde, Ic = 1.0 mAdc) 


Reverse Voltage Transfer Ratio 


(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Forward Transfer Admittance 

(VcE = 3.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) 
Input Admittance 

(VcE = 3.0 Vdc, Ic 
Output Admittance 

(VcE = 3.0 Vde, Ic = 1.0 mAdc, f = 1.0 MHz) 
Current-Gain — Bandwidth Product 

(VcE = 3.0 Vde, Ic = 3.0 mAdc) 
Emitter-Base Capacitance 

(Veg = 3.0 Vdc, IE = 0) 
Collector-Base Capacitance 

(Vcp = 3.0 Vdc, ic = 0} 


Collector-Substrate Capacitance 
(Vcsg = 3.0 Vdc, Ic = 0) 


0.3-+j0.04 


1.0 mAdc, f = 1.0 MHz) 


0.001 +j0.03 
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Icpo, COLLECTOR CUTOFF CURRENT (nAdc) 
< 
Qo 
m 
uw 
wo 
ao 


10, INPUT OFFSET CURRENT (uAdc) 


MC3346 


TYPICAL CHARACTERISTICS 


FIGURE 1 ~ COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 


7) 


N 


7] 


TNS 


: IN 
HL 


'CBg, COLLECTOR CUTOFF CURRENT {nAdc) 


4. 


+ 


0 25 50 75 100 425 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 3 — INPUT OFFSET CHARACTERISTICS FOR 
Q1 and O2 


“0.01 0.02 0.03 0.05 0.1 02 03 05 O07 10 
ic, COLLECTOR CURRENT (mAdc} 


VBE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 — COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 


25 


50 


75 “100 125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 ~ BASE-EMITTER AND INPUT OFFSET 
VOLTAGE CHARACTERISTICS 


FIGURE 5 — DC CURRENT GAIN 


= 


hee, OC CURRENT GAIN 


05 1.0 5.0 10 


€, EMITTER CURRENT (mA) 


0.01 005 0.1 


1.0 


le, EMITTER CURRENT (mAdc) 
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heE1/heE2, OC CURRENT GAIN RATIO 


INPUT-OFFSET VOLTAGE {mVdc) 


MOTOROLA 
= SEMICONDUCTOR Soy 
TECHNICAL DATA 


REMOTE CONTROL AMPLIFIER-DETECTOR 


The MC3373 is intended for application in infrared remote con- REMOTE CONTROL WIDEBAND 
trols. It provides the high gain and pulse shaping needed to couple AMPLIFIER WITH 
the signal from an IR receiver diode to the tuning control system DETECTOR 


logic. 
@ High Gain Pre-Amp 
Envelope Detector for PCM Demodulation 


Simple Interface to Microcomputer Remote Control Decoder 


May Be Used with Tuned Circuit for Narrow Bandwidth, 
Lower Noise Operation 


@ Small Package Size 
@ Minimum External Components 1 
@ Wide Operating Supply Voltage Range P SUFFIX 
@ Low Current Drain PLASTIC PACKAGE 
CASE 626 
®@ Improved Retrofit for NEC Part No. uPC1373 
@ See AN1016 for IR System Information 
@ MC14497 Recommended IR Transmitter 8 & 
@ MLED81 Complementary Emitter 1 
@ MRD821 Complementary Detector Diode D SUFFIX 
PLASTIC PACKAGE 
MAXIMUM RATINGS CASE 751 


(SO-8) 


Supply Voltage 


Operating Temperature Range 0 to 75 PIN CONNECTIONS 


Storage Temperature Range Tstg -55 to +125 
Junction Temperature Ty 150 
_———_—_ 
Power Dissipation, Package Rating Pp 1.25 
Derate above 25°C VOJA 10 
RECOMMENDED OPERATING CONDITIONS 
Parameter ‘| symbol Min {| Typ | Max Unit 
ars x 
| Power Supply Voltage (25°C) Vcc 475 |; — 15 Vde 
Power Supply Voltage (0°C) Vcc 5.0 — 15 Vde 
Input Frequency fin 30 40 80 kHz | 


FIGURE 1 — REMOTE CONTROL APPLICATION 
40 kHz CARRIER 


MC78L05 
100 kg $180k OTTL Output 
=, MPS 


5172 


Infrared 
= Emitting 
Diodes 

MPS 


5172 


(* See Fig. 4) 
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MC3373 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 V, fin = 40 kHz, Test circuit of Figure 2) 


be Characteristic Symbol Min Typ Max Unit 
+ +— +. 

Power Supply Current Icc 1.5 2.5 3.5 mAdc 
Input Terminal Voltage 3 V(Pin 7) | 24 | 28 i; 3.0 Vde 
| Input Voltage Threshold Vin _— 50 100 Vp-p 
Input Amplifier Voltage Gain Ay a — 60 = dB 

(V[Pin 3] = 500 mVp-p) 
rm —+ +—- 4 
L Input Impedance fin 40 60 80 [ kQ 
| Output Voltage, Vin = 1.0 MVp_p VOL — — 0.5 dhe V 
Output Leakage, Vcc = VOH = 15 Vdc IOH _ — 2.0 pA 
Output Voltage, Input Open VOH — — 5.0 Vde 
FIGURE 2 — TEST CIRCUIT 
(BOTTOM VIEW) 
Vcc = 5.0 Vde 
2 —O 
Output 
5.0 pF COLL: 
Vin = a TOKO INC. 
CANS-4612Z 
0.0033 


; 
RE 150 k 


FIGURE 3 — BLOCK DIAGRAM 


Tuned 
Circuit Detector 
Vcc and Vcc Threshold (Fig. 5) 
8 3 4 1 
ci Output 
ane Level fr cal Wave Decoupling 


Shifter Shaper 


Detector 


6 5 
Gain Adjust Ground 
(Fig. 4) 
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MC3373 


FIGURE 4 — INPUT AMPLIFIER GAIN FIGURE 5 — DETECTOR THRESHOLD 


Qo 
oOo 


a z 
=o Vcc = 12 Vde : £ 


‘ 4 


oo 
o 


p> 
i] 


ote tt 
f 
Peck. Litiiis 


Ha EEL 


0.1 


= 
Qo 


Ht pet ttt 
4 pt + 

| 
tt fy 


INPUT AMPLIFIER VOLTAGE GAIN (dB) 


PIN 3 NEGATIVE PEAK AMPLITUDE (VOLTS) 


1.0 10 100 1000 0 50 100 150 200 260 
PIN 6 RESISTOR (OHMS) PIN 4 RESISTOR {KILOHMS) 


FIGURE 6 — TYPICAL SIGNAL WAVEFORMS 
Since this is a very high gain system operating at 
relatively high frequencies, care must be taken in the 


PIN 7 HW mn circuit layout and construction. Do not use wire wrap 
Input 2.8V or non-ground plane protoboard. A simple single sided 
50 nVP.P(min) a ~— 512 us burst of 30-80 kHz PCB with ground fill or a two-sided board with a solid 

groundplane and top side point-to-point will provide 
PIN 3 consistent high performance. There is a wide array of 
Amplifier —§ ie IR emitters/detectors available. The Motorola MLED81 
Output and MRD821 are an excellent low cost combination to 


= 500 mVp.p 


use with the MC3373. Multiple emitters are recom- 
mended for extended range. Application note AN1016 
is must reading as it covers basic IR systems and spe- 
cific applications. 

The input amplifier gain is approximately equal to the 
load impedance at Pin 3, divided by the resistor from 
Pin 6 to ground. Again, the low frequency gain can be 
reduced by using a small coupling capacitor in series 


PIN 1 
Output 


APPLICATIONS INFORMATION with the Pin 6 resistor. 
The load may be resistive, as shown in the application 

The MC3373 is a specialized high gain amplifier/signal circuit, or tuned, as in the test circuit. The amplifier 
processor bipolar analog IC designed to be the core of output is limited by back-to-back clamping diodes, level 
infrared carrier signaling systems. The amplifier sec- shifted, buffered and fed to a negative peak detector. 
tion has an automatic bias level control (ABLC) for The detector threshold is set by the external resistor on 
simplified direct connection to an IR detector diode. Pin 4, and an internal 6.8 kQ resistor and diode to Vcc. 
Generally, it is operated AC coupled, utilizing an input The capacitor from Vcc to Pin 4 quickly charges during 
high-pass filter to eliminate power line related noise, the negative peaks and then settles toward the set-up 
particularly that from flourescent and gas vapor voltage between signal bursts at a rate roughly deter- 
lamps. The use of a high frequency carrier is strongly mined by the value of the capacitor and the 6.8 k resistor. 
recommended as opposed to simply detecting ‘‘DC’’ The external capacitor at Pin 2 filters the ultrasonic car- 
bursts of IR energy. In the carrier mode setup the rier from the pulses. 
MC3373 acts like an AM receiver subsystem, ampli- 
fying the incoming signal, demodulating it, and pro- Circuit Description (Refer to Figure 7) 
viding some basic wave shaping of the demodulated Q1-Q4 set the bias on the amplifier input at approx- 
envelope. The tuned circuit at Pin 3 provides the main imately 2.8 V. Q6-Q10 form the input amplifier, which 
system selectivity reducing random noise interfer- has a gain of about 80 dB when R(Pin 6) = 0, Q5 sinks 
ence and permitting multichannel operation in the input current from the photo diode and keeps the ampli- 
same physical area without falsing. In the multichan- fier properly biased. Q18—Q20 level shift and buffer the 
nel case the carriers must not be harmonically related. signal to the negative peak detector, Q22 and Q23. Out- 
The bandwidth is determined primarily by the ‘‘Q” of put devices 026 and Q27 conduct during peaks and pull 
the coil. Bandwidth may be increased by loading, the output, Pin 1, low. The capacitor on Pin 2 filters out 
shunting, the coil with a resistor. the carrier. 
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MC3373 


FIGURE 7 — INTERNAL SCHEMATIC 


Filter 
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MOTOROLA MC10320 
= SEMICONDUCTIQ. xy: 
TECHNICAL DATA MC10320-1 


TRIPLE 4-BIT 


COLOR PALETTE 
TRIPLE 4-BIT COLOR PALETTE VIDEO DAC VIDEO DAC 


SILICON MONOLITHIC 

The MC10320 integrates a triple 4-bit digital-to-analog converter INTEGRATED CIRCUIT 
and a 16 x 12 color look-up table into a single 28 pin IC for use 
in a high resolution color graphics display system. The outputs 
are ElA-343-A compatible red, blue, and green video signals capa- 
ble of driving single or doubly terminated 50 ohm or 75 ohm 
cables directly. Complementary outputs are provided for custom 
displays. 

Control inputs include BLANK and SYNC to produce the levels 
required for vertical and horizontal! retrace. 

The color look-up table allows up to 16 color combinations (out L SUFFIX 
of a palette of 4096 possible colors) on the screen at any one time. CERAMIC PACKAGE 
The table can be updated as often as required. CASE 733 

The lower speed digital inputs (WRITE, DATA, and SYNC) are 
TTL compatible, whereas the high speed inputs (ADDRESS, PIXEL 
CLOCK, and BLANK) can be user programmed to either ECL or 
TTL compatability. The address and blank signals are latched into PIN CONNECTIONS 
input registers, facilitating the timing requirements for those sig- 
nals. Additional registers frame the data as it is presented to the (Top View) 
three DACs, ensuring low glitch area and matched response. 

Innovative level translators permit the MC10320 series to be 
used in single or dual supply systems, permitting compatability 
with most any system configuration. The MC10320 series is fab- 
ricated with Motorola’s MOSAIC process, which provides both 
low power consumption and high speed. 


@ Triple 4-Bit Video DAC with 16 x 12 Color Look-Up Table 


@ 125 MHz Max Pixel Rate (MC10320), 90 MHz Max 
(MC10320-1) 


@ User Selectable TTL or ECL Compatability on High Speed 
Inputs 


@ Single/Dual Supply Operation (Inputs and/or Outputs May Be 
Above/Below Ground) 


Supply Sensitivity Typically —34 dB 
EIA-343-A Compatible Output Levels 
Directly Drives 50 or 75 Ohm Cables 

Low Power Dissipation — 684 mW Typical 
Internal Bandgap Reference 

SYNC and BLANK Control Inputs 


ORDERING INFORMATION 


Maximum 

Pixel Rate Device 

125 MHz MC10320L 
90 MHz MC10320L-1 
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MC10320, MC10320-1 


BLOCK DIAGRAM 


Threshold 
Control 


16 x 12 Bit 
Color 


Address Look-Up 


n 
- 
o 
2 
2 
a 
® 
x 
+ 
3 
a 
£ 


BLANK 


Pixel Clock 
SYNC 
' MC10320 
FEI MC10320-1 


ABSOLUTE MAXIMUM RATINGS 


Parameter Value 
Supply Voltages Vde 
Vcc1 (Measured to Veg) ~0.5, +7.0 
Vcc2 (Measured to VEE2) —0.5, +7.0 
VeeE1 (Measured to VeE2) -0.5, +7.0 
Vcc2 (Measured to Ver) —0.5, +7.0 
Input Voltages —_ 
(Address, Data, WR, WG, WB, SYNC, BLANK, PcLK, 


Vdc 
Vde 


Vee1—0.5, Vec1+0.5 


VeeE2—-0.5, Vec2 
0, 3.0k 


+2.5, +8.0 
—55, +150 


and Threshold Control) 
RseEt (Pin 21) 
Rset External Resistor 


Outputs (VR, VR, VG, VG, VB, VB Measured to Veg?) 


Junction Temperature 


“Maximum Ratings” are not meant to imply that the device should be operated at these limits. 
The ‘Recommended Operating Limits” provide for actual device operation. 


RECOMMENDED OPERATING LIMITS 


Parameter 


Single Supply — Vcc1. Vcc2 
Veer, VEE2 
or Vcc. Vcc2 
VEE, VEE2 
Dual Supply — Vcc1 
Vcc2 
VEE1 
VEE2 
Rset (Between Vcc2 and Pin 21) 
Iset (Determined by Rg_eT) 


Ri (Load Resistance at Each Output) 
Input Voltages — Threshold Control (Pin 11, See Text) 


VEE1 
TTL High (Pins 1-3, 5-10, 23, 25-28, VeEE1+2.0 
TTL Low Pin 11 connected to VEE) VEE1 
ECL High (Pins 5-10 only, Pin 11 Vcec1— 1.13 = 
| ECL Low. connected to Vcc1) VEE1 
~2.0 0 


ample Compliance (Measured to Vcc2) 
A 


mbient Temperature 0 


Vec1 
Vcc1 
Vee, + 0.8 


Vec1 
Vcec1 — 1.48 
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MC10320, MC10320-1 


ELECTRICAL CHARACTERISTICS (See Figure 1, Ta = 25°C) 


Parameter Symbol Min Typ Max Units 
Resolution (Each DAC) Res 4.0 \ 4.0 | 4.0 Bits 
Palette Colors (Active) — — _ 16 Colors 
(Total Available) — — _ 4096 Colors 
Integral Nonlinearity INL —14 as 0 + 1/4 LSB | 
Differential Nonlinearity DNL -1:4 0 + 1/4 LSB 
Monotinicity _— Guaranteed (Note 1) = 4 
Output Levels @ VR, VG, VB, relative to Vcc2 unless 
otherwise noted. 
Ref. White Offset (DAC Input = 1111) low — 50 400 pA 
BLANK, SYNC = 1 Vow —15 =1,9 — mV 
Ref. Black (DAC input = 0000) Relative to loB 16.1 17.2 18.2 mA 
Ref. White, BLANK, SYNC = 1 Vos — 682 —645 — 604 mV 
Blank Level Relative to Ref. Black lOBK 1.17 1.33 1.5 mA 
BLANK = 0, SYNC = 1 VoOBK — 56.2 —50 - 43.9 mV 
Sync Level — VG Only, Relative to Blank losy 6.71 7.63 8.54 mA 
SYNC, BLANK = 0 Vosy — 320 — 286 ~ 251 mV 
Total Error (Each DAC, Ref. White to Ref. Black) GER -6.0 
| Gain Tracking Error (Any two DACs @ Ref. Black) GTR —3.0 
Output Impedance @ VR, VG, VB Zo 
Reference Voltage (Vcc2 — VRsSET. RSet = 1.0 kf) VREF —1.4 
Pin 21 Output DC Resistance (0 mA < IpefF < 3.0 mA) = 
Input Voltage High (Data, WR, WG, WB, SYNC) VIHA Vee +2.0 Vec1 
Low (Data, WR, WG, WB, SYNC) VILA VEE1 = Vee1+0.8 
Input Voltage High (Address, Pc_K, BLANK) 
(Threshold Control @ Veg [TTL Mode]} VIHB VeE1 + 2.0 —_ Vec1 
(Threshold Control @ Vcec1 [ECL Mode]) VIHC Vec1-—1.13 —_ Vec1 
Input Voltage Low (Address, Pc_K, BLANK) 
(Threshold Control @ Veg, [TTL Mode]) VILB VEE1 — VEE1+ 0.8 
(Threshold Control @ Vcc, [ECL Mode]) Vitc VEE1 — | Voc1 — 1.48 
Input Current @ 2.4 V (TTL Mode) {All Input Pins HA — 50 150 pA 
@ 0.4V (TTL Mode) Except Pin 11) liLA — 10 100 
Input Current @ Vcoc1 — 0.8 V (ECL Mode) HB = 100 250 
@ Vcc1 — 1.8 V (ECL Mode) lite _— 70 200 
Input Current @ Pin 11 (Pin 11 = Vec) IITH —5.0 0 — mA 
@ Pin 11 (Pin 11 = Veg) TL — 1.0 -0.4 — 
Signal Feedthrough to Outputs Due to SRR dB 
Pixel Clock (@ 125 MHz for MC10320, = ~50 _ 
BLANK 90 MHz MC10320-1) _— —50 — 
Data _— —60 _ 
Power Supply Rejection Ratio (All DACs) PSRR dB 
Vec1 @ 1.0 kHz — 60 — 
Vcc1 @ 1.0 MHz — 45 _ 
Vec1 @ 50 MHz _— 30 — 
VeE2 @ 1.0 kHz = 50 aa 
VEE2 @ 1.0 MHz = 33 = 
VeE2 @ 50 MHz _— 12 = 
Power Supply Sensitivity (Note 2) — 0.02 0.12 %/% 
Power Supply Requirements (See Figure 1) mA 
Vceci Current (Vcc1 - VeE1 = 5.0 V) lect mac 50 70 
VeEE1 Current (Vcc1 — VEE1 = 5.0 V) lEE1 _ —50 —70 
Vcec2 Current (Vcc2 — VEE2 = 5.0 V) lec2 = 28 45 
VEE? Current (Vcc2 - VEE2 = 5.0 V, lEE _ —92 — 120 
Includes output currents) 
Power Dissipation (@ 5.0 volt supplies) Pp — 684 894 mw 


NOTES: 
1. Guaranteed by linearity tests. 


2. (Vec1 - VeE1) and (Vcc2 - VEE! are each varied from 4.5 to 5.72 volts, but not simultaneously. 
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MC10320, MC10320-1 


TIMING CHARACTERISTICS (See Timing Diagram — Figure 2) 


CP  Paamater «SS | win | tp |x| Uni | 


READ Cycle (Display Mode) A fi 


Address, BLANK Setup Time 

Address, BLANK Hold Time 

Clock Pulse Width — High 

Clock Pulse Width — Low 

Pipeline Delay 

DAC Prop Delay (PcLK to 50% Point) 

DAC Prop Delay Difference (DAC to DAC) 
SYNC Prop Delay 

Output Settling Time (+ 1/2 LSB to + 1/2 LSB) 
Output Slew Rate 

Glitch Area 


WRITE Cycle (RAM Update Mode) 
Address Setup Time 

Address Hold Time 

Clock Setup Time 

Clock Hold Time 

Data Setup Time 

Data Hold Time 

Write Pulse Width 


TEMPERATURE CHARACTERISTICS 


Offset (at Ref. White) ppm GS/°C 


DAC Gain ppm GSC 
Gain Tracking (any 2 DACs @ Ref. Black) ppm GS/*C 
Linearity ppm GS/C 


(0°C to + 70°C, ppm GS/°C = Parts Per Million of Gray Scale/°C.) 


FIGURE 1 — BLOCK DIAGRAM 


Vec1 
Data 


WRITE Red 


Output 


= 


Threshold 9 16 x 12 Bit ” 
Control 2 Color 4 2 
> Look-Up 5 si Green 
Address 2 < ® Output 
x Table x oc 
3 RAM 2 3 wip) 
£ a £ e BI 
2 a ue 
BLANK & 4 Output 
7 en 
= 
Clock Delay s 
aE eee 
SYNC ia 


f 


MC10320 
MC10320-1 


Vref 
Vec2 - 1.25 V 


Note: 
Electrical Characteristics are tested with both single and dual supply configurations at the typical supply voltages listed in the ‘Recommended 
Operating Limits.” Input levels are TTL or ECL, as appropriate. Threshold control input is set at Vcc1, Or Veet, as appropriate. Exceptions to 
these conditions are noted in the Characteristics. 
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WR, WG, 
and/or WB 


MC10320, MC10320-1 


FIGURE 2 — TIMING DIAGRAM 
READ CYCLE (PIXEL DISPLAY MODE) 


Address 7/1 1/2 j herrea ES UUM SES UM CE UD 
i (1) tspD 
(3) tsPD 
VR, VB (7) 
Outputs sont 
iea _ r 


Notes: tps measured from + 1/2 LSB to + 1/2 LSB. Level 
tppp measured to output’s 50% point. Sync 

All PcLK measurements are made to/from —_— 
the appropriate TTL or ECL threshold of the Pc_x. 

tSpD measured from SYNC threshold to output 50% point. 


WRITE CYCLE (RAM UPDATE MODE) 


PCLK 


twsa >| l—twaa 
Address € Address Valid ae al Address Valid . 


Data == Data Valid B Data Valid 


- eae . bie 
twew tWHD 
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PIN DESCRIPTIONS 


MC10320, MC10320-1 


Symbol | Pin 


Description 


[wr 


1 


Write Enable (Red) — Taking this pin low 
enables the data (Pins 25-28) to be written 
into the selected address location for the 
RED look-up table. The data is latched in 
the RAM when the pin is high. 


ite Wate Enable (Green) — Same as Pin 1, 


except for the GREEN table. 


3 


+. 


lea Enable (Blue} — Same as Pin 1, 
except for the BLUE table. 


VEE1 4 Power supply pin for all circuitry prior to 


the supply option translators (See Block 
Diagram). This is the reference for Vcc1, 
and is typically 5.0 volts below it. Internally 
it is connected to Pin 22. This pin and Pin 
22 must be connected externally for proper 
Operation. 


5-8 | Address lines — They are used to select 


one of sixteen 12-bit words in the color 
took-up table for both reading and writing. 
The address is latched on the Pc, x rising 
edge, and presented to the DACs on the 
following rising edge. Pin 5 is A3 (MSB), 
and Pin 8 is AO (LSB). 


PCLK 


ThCntl 


“| Pixel clock — Address and BLANK signals 
are latched on the rising edge of this clock. 
The following rising edge presents the data 
in the look-up table (of the selected 
address) to the DACs. SYNC is independent 
from PCLk. 


Blanking — A logic low overrides the color 
look-up table, and forces the three DACs to 
the blanking level. The BLANK input is 
latched, the same as the address lines. 


Threshold Control — When tied to Vcc1, 
the Pc_K, AO-A3, and BLANK inputs are at 
ECL levels with respect to Vcc1. When tied 
to VEE, (Pin 4 or 22), the same inputs are 
at TTL levels with respect to Veg 1. 


—— 


Power supply pin for the circuitry to the 
right of the supply option translators (See 
Block Diagram). This is the reference for 
Vcc2, and is typically 5.0 volts below it. It 
is internally connected to Pin 20. This pin 
and Pin 20 must be connected externally. 


13 


the output of the BLUE 4-bit DAC. Output 
compliance is +2.0 volts with respect to 
Vcc2, and output impedance is typically 
100 kQ. Designed for a typical load of 37.5 
9, the toad may be between 0 and 75 1. 
The output is a current sink. 


14 


The complementary output of the BLUE 
DAC. This output may be used in conjunc- 
tion with Pin 13 for twisted pair signal 
transmission or for custom interface 
schemes. If unused, it must be tied to Vcc2. 


PIN DESCRIPTIONS 


Description 


Same as Pin 13, except for the GREEN DAC. 
The SYNC signal appears at this output. 


Waveform polarity is ‘sync down.” 
Se 


Same as Pin 14, except for the GREEN DAC. 
The SYNC signal appears at this output. 
Waveform polarity is “sync up.” 


19 


Same as Pin 13, except for the RED DAC. 
Same as Pin 14, except for the RED DAC. 


Power supply pin for the circuitry to the 
right of the supply option translators (See 
Block Diagram). Its reference is Veg2, and 
is nominally 5.0 volts more positive than 
VEE2- 
Power supply pin for the circuitry to the 
right of the supply option translators (See 
Block Diagram). This is the reference for 
Vcc2, and is typically 5.0 volts below it. It 


22 


is internally connected to Pin 12. This pin 
and Pin 12 must be connected externally. 


Current setting resistor — A user supplied 
low inductance resistor is to be connected 
between Vcc? and this pin to set the DAC’s 
full scale current. An Rggt of 1.0 kQ, com- 
bined with load resistors of 37.5 © (at Pins 
13, 15, 17) provides output signals consis- 
tent with E1A-343-A. The RseT resistor is to 
be between 500 2) to 2.0 k. The voltage at 
this pin is 1.25 volts below Veco. 


Power supply pin for all circuitry prior to 
the supply option translators (See Block 
Diagram). This is the reference for Vcc1, 
and is typically 5.0 volts below it. Internally 
it is connected to Pin 4. This pin and Pin 4 
must be connected externally for proper 
operation. 


[A logic low on this input forces the GREEN 
DAC to increase its output current by 7.6 
mA (RSET = 1.0 kQ), providing the sync 
level of 286 mV (Ri = 37.5 2) below blank- 


ing. The BLANK input must have been 
asserted previously. SYNC is independent 


Vec1 
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of PCLK- 


Power supply pin for the circuitry to the left 
of the supply option translators (See Block 
Diagram). Its reference is VEE1, and is nom- 
inally 5.0 volts more positive than Veg. 


DO-D3 |25-28)| Data inputs — Information on these pins 


is written into the color look-up table, at 
the locations specified by the address 
lines, by taking the appropriate Write pin 
low. Pin 28 is DO (LSB), and Pin 25 is D3 
(MSB). 
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FUNCTIONAL DESCRIPTION 


GENERAL 

The MC10320 is a triple video DAC, with a 16 loca- 
tion color palette RAM, designed for high resolution 
graphics systems. The maximum pixel speed capa- 
bility is 125 MHz for the MC10320, and 90 MHz for the 
MC10320-1. The input configurations are compatible 
with TTL or ECL systems, and the outputs are directly 
compatible with monitors having 50 9 or 75 RGB 
inputs. Using the external components recommended 
in this data sheet, the outputs will conform to ElA-343- 
A levels. The output levels are adjustable by means 
of the Rs_T resistor. 

The MC10320 contains three 4-bit DACs whose inputs 
are fed from a color palette RAM (data is loaded by the 
user). The RAM contains 16 locations (each 12 bits 
wide). Each 4-bit nibble of each RAM address can be 
individually loaded, so that every address location can 
have any one of a possible 4096 codes. The DAC output 
levels are determined by the contents of the selected 
RAM address (by means of the address inputs). 

The MC10320 contains an input register to accept the 
address and Blanking information, and a second reg- 
ister located between the RAM and the DAC inputs. This 
arrangement ensures that the RAM data is presented to 
the 3 DACs simultaneously, which ensures the DAC out- 
puts will transition simultaneously. The registers are 
toggled by the Pc_K input’s rising edge. 

The BLANK input overrides the RAM data to the DACs, 
and forces the outputs to the Blanking level. The SYNC 
input goes directly to the Green DAC, bypassing the 
RAM and the latches, forcing the green DAC output to 
shift. The combination of BLANK and SYNC produce 
the video sync level. 

Referring to the Block Diagram, the input stage (cir- 
cuitry to tne left of the Supply Option Translators) and 
the output stage (to the right of the Translators) can be 
operated at different supply voltages. The only restric- 
tion is that the output stage cannot be more positive 
than the input stage. 


INPUTS 


Address, Pci_K, BLANK 

The Address, PcLk (pixel clock), and BLANK inputs 
are the “high speed” inputs capable of the maximum 
pixel clock rates mentioned above. The Address and 
BLANK are latched into the input register on the rising 
edge of the Pc_K, as long as the required setup and 
hold times are adhered to. The data at that RAM address 
(or the BLANK signal) is then presented to the DAC 
inputs on the next PcLK rising edge. 

The BLANK input, when taken to a Logic “0” and 
clocked in as described above, will override the RAM 
data presented to the DACs, and force the 3 DAC outputs 
to the Blanking level (see Figure 2). 

These 6 input pins can accept either TTL or ECL sig- 
nals. With the Threshold Control pin (Pin 11) connected 
to VEF1, the inputs are TTL compatible with respect to 
Veet, having a nominal threshold of 1.5 volts above 


Vee1, independent of Vcc}. With Pin 11 connected to 
Vcc1, the inputs are fully compatible with the 10 kH 
family of ECL devices, having a nominal threshold of 
1.3 volts below Vcc, independent of VEE). 

Figure 3 depicts a typical input stage configuration, 
and Figure 4 indicates the typical input current. Figure 
4 applies to both ECL and TTL modes of operation. The 
inputs should be kept within the range of Veg to Vcc1- 
If an input is taken more than 0.3 volts below Veg, or 
more than 0.5 volts above Vcc1, excessive currents will 
flow through that input, and the DAC output waveforms 
will be distorted. 


SYNC 

The SYNC input goes directly to the green DAC, inde- 
pendent of the clock. When taken to a Logic “‘0”, the 
output current at VG is forced to increase by 6.1 x ISeT. 
For a standard EIA-343-A system, the shift is 7.63 mA, 
resulting in a 286 mV change in the output voltage. The 
SYNC input does not override the RAM data, requiring 
that the BLANK input have been asserted (Logic ‘’0”) 
previously in order to obtain a proper video sync level. 
The SYNC input does not affect the red or blue DACs. 

The SYNC input is always TTL compatible, with a 
nominal threshold of 1.5 volts above Veg 1, independent 
of Vcc. 

Figure 3 depicts the input stage configuration, and 
Figure 4 indicates the typical input current. The input 
should be kept within the range of VEE to Vcc}. If the 
input is taken more than 0.3 volts below VEE, or more 
than 0.5 volts above Vcc, excessive currents will flow 
through the input, and the DAC output waveforms will 
be distorted. 


DATA (1-4), WR, WB, WG 

The data (DO, D1, D2, D3), and WRITE inputs are the 
“low speed” inputs, as they do not have to operate at 
the same high speed as the above mentioned inputs. 
These inputs are independent of the Pc_K, although 
they are normally used in conjunction with the clock. 

Pins 25-28 are the data inputs to the color palette 
RAM, and are used for updating the RAM information. 
The information is written into the RAM at the address 
which was previously clocked into the input register, 
while the appropriate WRITE input is low, and then 
latched in when the WRITE input is taken high. The 
required data setup and hold times (mentioned in the 
Timing Characteristics) are with respect to the rising 
edge of the WRITE input. If the same data is to be loaded 
into different nibbles (color sections) of the same 
address, the appropriate WRITE inputs may be taken 
low simultaneously, or sequentially. WR, WB, and WG 
control the loading of data into the red, blue and green 
nibbles respectively. 

The data and WRITE inputs are always TTL compat- 
ible, with a nominal threshold of 1.5 volts above VEE 1, 
independent of Vcc}. 
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In most applications, it will be advantageous to set 
the Blanking level while updating the RAM. If Blanking 
is not set, the DAC outputs will change unpredictably 
while new data is being written into the RAM. 

Figure 3 depicts a typical input stage configuration, 
and Figure 4 indicates the typical input current. The 
inputs should be kept within the range of Veg to Vcc1. 
If an input is taken more than 0.3 volts below VEE 1, or 
more than 0.5 volts above Vcc, excessive currents will 
flow through the input, and the DAC output waveforms 
will be distorted. 


FIGURE 3 — TYPICAL INPUT STAGE 


INPUT CURRENT (A) 


2.0 3.0 6.0 


INPUT VOLTAGE (VOLTS} 


5.0 


40 


THRESHOLD CONTROL 

The Threshold Control input (Pin 11) is to be con- 
nected directly to Vccj to set Pins 5-10 to ECL com- 
patibility, or directly to Veg1 to set the pins to TTL 
compatibility. A series resistor should not be used 
with this input, and it should not be connected to any 
other voltage as an incorrect threshold will result at 
Pins 5-10. Bias current at Pin 11 is approximately 
400 «A out of the pin when at Veg, and 0 wA when 
at Vcc 1. If the pin is taken more than 0.3 volts below 
VEE1, excessive currents will flow through this input, 
and the DAC output waveforms will be distorted. 


OUTPUTS —s) 

The six DAC outputs (VB, VB, VG, VG, VR, VR) at Pins 
13-18 are high impedance current sink outputs, with 
the current flow into the pins, never out. VG, VB, and 
VR provide the conventional video polarity (sync down), 
while the complementary outputs provide a ‘sync up” 
waveform. The output loads must be connected from 
the outputs to Vcc2, or to a pullup voltage, such that 
the output voltages are within +2.0 voits of Vcco. 
Unused outputs must be connected to Vcc2, and not 
left open. 

The output current (for the gray scale) at Pins 13, 15, 
and 17 is related to the digital inputs (of the DACs) and 
the reference current (IseT at Pin 21, equal to 1.25 V/ 
RseT) by the following equation: 


(15-A) x IseT x 14.63 
16 


IOUT(GS) = (nominal value) 
where A = binary value of the digital input (0-15). A 
digital input of 1111 (15) produces no output current, 
and therefore the most positive output voltage, referred 
to as “Reference White.’” An input code of 0000 (0) 
results in the maximum current, and therefore the Gray 
Scale’s most negative output voltage, referred to as 
“Reference Black.” 

After the BLANK input is asserted and clocked in as 
described above, the RAM data to the DACs is overriden, 
and the output current is set at: 


IOUT(BLANK) = ISET x 14.864 (nominal value) 


When the SYNC input is asserted, the output current 
at VG is increased by: 


AIOUT(SYNC) = ISET x 6.1 (nominal value) 


The four outputs of the red and blue DACs are not 
affected by SYNC. The current increase at VG results 
regardless of the digital input to the Green DAC. To 
obtain the correct (EIA-343-A) sync level, the BLANK 
output level must have previously been set. Otherwise 
the green output will simply shift by the above amount 
from the Gray Scale level in effect at the time the SYNC 
input was asserted. If both BLANK and SYNC are 
asserted, the output current at VG is: 


IOUT(SYNC) = ISET x 20.97 (nominal value) 

The sum of the currents into each pair of outputs is 
a constant equal to [20.93 x Iseq] for the VG/VG pair, 
and [14.824 x Is_eT] for the VR/VR, and VB/VB pairs. 
Table 1 summarizes the above information. 


The voltage levels generated at the outputs depend 
on the value of IseT and the load impedance. An Rset 
of 1.0 kO (IseT = 1.25 mA), and a load of 37.5 © (doubly 
terminated 75 system) at each output will generate 
the standard ElA-343-A levels. The output voltages must 
be kept within the range of +2.0 to —2.0 volts with 
respect to V¢co. If any part of the output’s waveform 
is outside this range, its linearity will be affected. 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-84 


MC10320, MC10320-1 


TABLE 1 


Output Current (mA) at: 
VR, VB VG VR, VB | VG 
(15-A) x st) Same as (A) x ISET pa x | 
G | ——— Aer MAT X ISET 
ray Scale ( 1.09 VB, VR ayers + 1.06 IseT) eG + 7.17 IseT 
Same as 
Blank | ISET x 14.824 VB, VR OmA ISET x 6.1 
= + 

Sync + Blank ISET X 14.824 IsET x 20.93 OmA OmA 
A = DAC digital input (binary value), IseTy is the current into Pin 21. 
REFERENCE VOLTAGE (Rse_T) TABLE 2 

The reference current for the DACs is supplied from | System —_| | vere | 

; : System Vv Vv Vv Vv 
an internal band-gap reference with a typical TC of 7 EE2 
= +50 ppm/°C. The voltage at Rs_et (Pin 21) is a con- sifgle Supply SoM ene 
stant 1.25 volts below Vcc2, and an external resistor Single Supply Gnd ~ 5.0 V 
RseT is to be connected from Vcc2 to Pin 21. The Dual Supply 


current IsgT is therefore equal to 1.25 V/Rs_T. Inter- 
nally, equal reference currents are supplied to the 
three DACs such that their outputs are matched within 
+ 3.0%. 

RSET should normally be between 500 0 and 2.0 kf). 
With values less than 500 Q, the current at Pin 21 
approaches an upper limit, resulting in a nonlinear 
relationship for the MC10320. With values greater 
than 2.0 kQ, instability and oscillations of the refer- 
ence amplifier will result. For this reason, current to 
Pin 21 should not be supplied from a current source. 
Additionally, the resistor should be noninductive 
(non-wirewound). Metal film resistors, available with 
low TCs, are recommended. The resistor should be 
physically adjacent to the MC10320 to avoid the induc- 
tive effects of long PC board tracks. Figure 5 indicates 
the voltage/current characteristics at Pin 21. 


FIGURE 5 — Vre¢ versus ISeT 


Vret 'Vec2 — PIN 21) (VOLTS) 


2.5 


29 
Iget (mA) 


POWER SUPPLIES 

The MC10320 may be used in a single or dual supply 
system, depending on the system logic levels, and/or 
the output requirements (See the Applications Sec- 
tion). Table 2 indicates permissable configurations. 
The only restriction is that the output stage (Vcc2/VEE2) 
cannot be more positive than the input stage. The pos- 
itive supplies may range from +4.5 to +5.5 volts, and 
negative supplies may range from — 4.5 to —5.72 volts. 


The current requirement for the input stage (Icc¢7) is 
typically 50 mA, and the majority of that current (+0, 
—4.0 mA) flows out of Veg. The current requirement 
for the output stage (Icc2) is typically 28 mA. Out of 
VeEE2 flows that current, plus the current due to the 
outputs and Is_eT. In a typical application the output 
currents total ~63 mA, and IseT is ~1.25 mA, giving a 
total IEEg of ~92 mA. 

The minimum voltage at Vcc1 for memory retention 
is ~1.5 volts. 

Proper bypassing of the supplies at the IC is critical 
due to the high frequencies involved. Further infor- 
mation can be found in the Applications section. 


TIMING 

Timing diagrams for the Read (display) mode and the 
Write (RAM update) mode are shown in Figure 2. 

In the READ mode, the clock may be any frequency 
up to 125 MHz for the MC10320, and up to 90 MHz for 
the MC10320-1. Duty cycle is not important as long as 
the minimum low and high times are observed. On each 
clock’s rising edge, a new address is clocked in, and the 
previous address’ information is supplied to the DACs 
from the look-up table. If the BLANK line is taken to a 
Logic “0”, it will override the information to the DACs 
on the next clock rising edge, and the 3 DACs will be 
taken to the blanking level. The SYNC input, when taken 
to a Logic ‘’0”, drives the Green DAC directly with only 
a small internal propagation delay. The output of the 
Green DAC will then change with respect to the last 
address input. For this reason, the SYNC input should 
normally be used only after asserting the BLANK input. 

In the WRITE mode, the clock is used only to enter 
the address where the new data is to be written. The 
PCLK input may continue to toggle if the address inputs 
are stable during the write period, or the clock may be 
stopped while writing. Data is then entered into each of 
3 color sections of that address by taking low the appro- 
priate WRITE lines (WR, WG, WB). If the same four bits 
are to be stored in different color locations of the same 
address, the appropriate WRITE lines may be taken low 
simultaneously. If the BLANK input is held low during 
the Write operation, the DAC outputs will be held in a 
known state. 
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APPLICATIONS INFORMATION 


POWER SUPPLIES, GROUNDING 

The PC board layout, and the quality of the power 
supplies and the ground system at the IC are very 
important in order to obtain proper operation. Noise, 
from any source, coming into the device can result in 
an incorrect output due to interaction with the analog 
portion of the circuit. At the same time, noise generated 
within the MC10320 can cause incorrect operation if that 
noise does not have a clear path to ac ground. 

The power supply pins at both the input and output 
sections of the MC10320 must be decoupled to ground 
at the IC (within 1” max) with a 10 wF tantalum and a 
0.1 uF ceramic. Tantalum capacitors are recommended 
since electrolytic capacitors simply have too much 
inductance at the frequencies of interest. The quality of 
the Vcc and Veg supplies should then be checked at 
the IC with a high frequency scope. Noise spikes (always 
present among digital circuits) can easily exceed 400 
mV peak, and if they get into the analog portion of the 
IC, the output waveforms can be disrupted. Noise can 
be reduced by inserting resistors and/or inductors 
between the supplies and the IC. 

If switching power supplies are used, there will usu- 
ally be spikes of 0.5 volts or greater at frequencies of 
50-200 kHz. These spikes are generally more difficult to 
reduce because of their greater energy content. In 
extreme cases, 3-terminal regulators (MC78LO5ACP, 
MC7805CT), with appropriate high frequency filtering, 
should be used and dedicated to the MC10320. 

The ripple content of the supplies should not allow 
their magnitude to exceed the values in the Recom- 
mended Operating Limits. 

The PC board tracks supplying Vcc and V_g to the 
MC10320 should preferably not be at the tail end of the 
bus distribution, after passing through a maze of digital 
circuitry. The MC10320 should be close to the power 
supply, or the connector where the supply voltages 
enter the board. If the Vcc and Veg lines are supplying 
considerable current to other parts of the board, then 
it is preferable to have dedicated lines from the supply 
or connector directly to the MC10320. 

The two Veg pins (4 and 22) must be connected 
directly together. Likewise, the two VEE? pins (12 and 
20) must be connected directly together. Any long path 
between them can cause stability problems due to the 
inductance (@ 125 MHz) of the PC tracks. The ground 
return for the analog signals must be noise free. 


PC Board Layout 

Due to the high frequencies involved, and in partic- 
ular, the fast edges of the various digital signals, proper 
PC board layout is imperative. A solid ground plane is 
necessary in order to have known transmission char- 
acteristics, and also to minimize coupling of the digital 
signals into the analog section. Use of wire wrapped 
boards should definitely be avoided. 

Each PC track should be considered a transmission 
line, and if they are of any considerable length (more 


than a few inches), they should be terminated according 
to transmission line theory. Otherwise reflections back 
to the signal sources can occur, disrupting their oper- 
ation. Additionally, the overshoots and undershoots 
which will occur at the MC10320’s input pins can cause 
its operation to be disrupted, resulting in an incorrect 
output. 

Additional information regarding the transmission 
characteristics of PC board tracks can be found in 
Motorola’s MECL System Design Handbook 
(HB205R1). 


Input Configurations 

The unique configuration of the MC10320’s power 
supply system permits its use in an all TTL, or all ECL, 
or mixed TTL/ECL environments, with the secondary 
capability of having the output levels be above or below 
ground. For standard TTL inputs refer to Figure 7. For 
systems using ‘‘above ground ECL” (ECL circuitry oper- 
ated between ground and +5.0 volts, rather than — 5.2 
volts), refer to Figure 8. The MC10H350 translators will 
change the above ground ECL levels to the TTL levels 
required by the SYNC, Data and WRITE inputs, while 
the Threshold Control will set the thresholds of the 
Address, Clock and BLANK inputs to the ECL levels. For 
standard (below ground) ECL levels, refer to Figure 9. 
Since Vcc2 cannot be more positive than Vcc}, they 
are both connected to ground level in this case. 

In the case where all inputs are above ground, but 
the low speed inputs (Data, WRITE, and SYNC) are 
connected to TTL circuits, while the high speed inputs 
are connected to above ground ECL circuits, refer to 
Figure 10. In the case where the low speed inputs are 
connected to standard TTL, and the high speed inputs 
are connected to standard (below ground) ECL, refer 
to Figure 11. 


Output Configurations 

The output waveforms may be above or below 
ground, depending on the choice of supply voltages for 
Vcc2 and VegEz, but the output voltages are always 
referenced to Vccg2. In Figure 12, the outputs are ref- 
erenced to +5.0 V, and produce a 1.0 volt p-p waveform 
when used with a doubly terminated 75 2 load, and an 
RseT of 1.0 kf. The + 5.0 volt supply is the ‘’ac ground” 
in this case. If the outputs must be referenced to system 
ground rather than the +5.0 volt supply, the circuit of 
Figure 13 will provide the required level shifting. Figure 
14 provides ground referenced outputs with a range of 
0 to —1.0 volt. In Figure 15, the outputs are pulled up 
to a voltage different from Vcc, providing an offset 
(+1.0 volt offset in the figure). In Figure 15 the com- 
plementary outputs should be connected to the +1.0 
volt pullup voltage. The voltage at VR, VG, and VB (and 
the complementary outputs) must always lie within the 
range of +2.0 volts with respect to Vcc2. 

Figure 6 illustrates the output voltage range, with 
respect to Vcc? or a pullup voltage, of the six outputs 
(Ri = 37.5 0, Rget = 1.0 kQ): 
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FIGURE 6 — OUTPUT LEVELS 


Ref. White Ref. White Blank 
Ref. Black 


Blank 


Gray Scale Gray Scale Ref. Black 
Gray Scale 


Ref. Black Ref. Black 
Blank Blank Ref. White Gray Scale 


U 


Ref. White 


Note: Rgey = 1.0 k, RL = 37.5 9, above values are typical. 


FIGURE 7 — TTL INPUTS 


MC10320 
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Note: Vcc2'VEE2 may be above or below ground. 
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FIGURE 8 — ABOVE GROUND ECL INPUTS 
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FIGURE 9 — STANDARD ECL INPUTS 
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FIGURE 10 — LOW SPEED INPUTS @ TTL, 
HIGH SPEED INPUTS @ ABOVE GROUND ECL 


O+5.0V 


5.0 
TTL 20 SYNC 
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Note: Vcc2 VEE2 may be above or below ground. 


FIGURE 11 — LOW SPEED INPUTS @ TTL, 
HIGH SPEED INPUTS @ STANDARD ECL 


TTL 
Inputs 
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Figures 
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Note: Vcc2 VEE2 may be above or below ground. 
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FIGURE 12 — SINGLE +5.0 VOLT SUPPLY, 
OUTPUTS ABOVE GROUND 
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FIGURE 13 — SINGLE +5.0 VOLT SUPPLY, OUTPUTS 
REFERENCED TO GROUND 


| Moy 


JM. 
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See 
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Q1-Q3: 2N3906 or Equivalent 
Diodes: 1N4004 or Equivalent 
Resistors: 1/8 W 
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FIGURE 14 — SINGLE OR DUAL SUPPLY, 
OUTPUTS BELOW GROUND 
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FIGURE 15 — SINGLE OR DUAL SUPPLY, OUTPUTS ABOVE 
GROUND, REFERENCED TO GROUND 
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GLOSSARY 


BANDGAP REFERENCE — A temperature stable voltage 
reference circuit based on the predictable base-emitter 
voltage of a transistor. 


BIPOLAR INPUT/OUTPUT — A mode of operation 
whereby the analog input (of an A/D), or output (of a 
DAC), includes both negative and positive values. 
Examples are —5.0 to +5.0 V, —2.0 to +8.0 V, etc. 


DAC CURRENT GAIN — The internal gain the DAC 
applied to the reference current to determine the full 
scale output current. The actual maximum current out 
of a DAC is one LSB less than the full scale current. 


DIFFERENTIAL GAIN — In video systems, differential 
gain is a component's change in gain as a function of 
luminance level. In a color picture, saturation will be 
distorted if the differential gain is not zero. 


DIFFERENTIAL NONLINEARITY — The maximum 
deviation in the actual step size (one transition level 
to another) from the ideal step size. The ideal step size 
is defined as the Full Scale Range divided by 2". This 
error must be within +1 LSB for proper operation. 


DIFFERENTIAL PHASE — In video systems, differential 
phase is the change in the phase modulation of the 
chrominance signal as a function of the luminance level. 
The hue in a color picture will be distorted if the differ- 
ential phase is not zero. 


ECL — Emitter coupled logic. 


FULL SCALE RANGE (Actual) — The difference between 
the actual minimum and maximum end points of the 
analog input (of an A/D), or output (of a DAC). 


FULL SCALE RANGE (Ideal) — The difference between 
the actual minimum and maximum end points of the 
analog input (of an A/D), or output (of a DAC), plus one 
LSB. 


GAIN ERROR — The difference between the actual and 
theoretical gain (end point to end point), with respect 
to the reference, of a data converter. The gain error is 
usually expressed in LSBs. 


GLITCH AREA — The energy content of a glitch, spec- 
ified in volt-seconds. It is the area under the curve of 
the glitch waveform. 


‘ GRAY CODE — Also known as reflected binary code, it 
is a digital code such that each code differs from adja- 
cent codes by only one bit. Since more than one bit is 
never changed at each transition, race condition errors 
are eliminated. 


INTEGRAL NON-LINEARITY — The maximum error of 
an A/D, or DAC, transfer function from the ideal straight 
line connecting the analog end points. This parameter 
is sensitive to dynamics, and test conditions must be 
specified in order to be meaningful. This parameter is 
the best overall indicator of the device’s performance. 


LSB — Least Significant Bit. It is the lowest order bit of 
a binary code. 


LINE REGULATION — The ability of a voltage regulator 
to maintain a certain output voltage as the input to the 
regulator is varied. The error is typically expressed as 
a percent of the nominal output voltage. 


LOAD REGULATION — The ability of a voltage regulator 
to maintain a certain output voltage as the load current 
is varied. The error is typically expressed as a percent 
of the nominal output voltage. 


MONOTONICITY — The characteristic of the .ransfer 
function whereby increasing the input code (of a DAC), 
or the input signal (of an A/D), results in the output never 
decreasing. Non-monotonicity occurs if the differential 
non-linearity exceeds — 1 LSB. 


MSB — Most Significant Bit. It is the highest order bit 
of a binary code. 


NATURAL BINARY CODE — A binary code defined by: 
N = Ap2n +... + Ag23 + Ag22 + Aq21 + Ag20 


where each “‘A” coefficient has a value of 1 or 0. 
NYQUIST THEORY — See Sampling Theorem. 


OFFSET BINARY CODE — Applicable only to bipolar 
input (or output) data converters, it is the same as Nat- 
ural Binary, except that all zeroes corresponds to the 
most negative output voltage (of an DAC), while all ones 
corresponds to the most positive output. 


OUTPUT COMPLIANCE — The maximum voltage range 
to which the DAC outputs can be subjected, and still 
meet all of the specifications. 


POWER SUPPLY REJECTION RATIO — The ability of a 
device to reject noise and/or ripple on the power supply 
pins from appearing at the outputs. An ac measure- 
ment, this parameter is usually expressed in dB 
rejection. 


POWER SUPPLY SENSITIVITY — The change in a data 
converters performance with changes in the power sup- 
ply voltage(s). Adc measurement, this parameter is usu- 
ally expressed in percent of full scale versus a percent 
change in the power supply voltage. 
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PROPAGATION DELAY — For a video DAC, the time 
from when the clock input crosses its threshold to when 
the DAC output(s) reach the 50% point of the transition. 


QUANTITIZATION ERROR — Also known as digitization 
error or uncertainty. It is the inherent error involved in 
digitizing an analog signal due to the finite number of 
steps at the digital output versus the infinite number of 
values at the analog input. This error is a minimum of 
+ 1/2 LSB. 


RESOLUTION — The smallest change which can be dis- 
cerned by an A/D converter, or produced by a DAC. It 
is usually expressed as the number of bits, n, where the 
converter has 2" possible states. 


SAMPLING THEOREM — Also known as the Nyquist 
Theorem. It states that the sampling frequency of an 
A/D must be no less than 2x the highest frequency (of 


interest) of the analog signal to be digitized in order to 
preserve the information of that analog signal. 


SETTLING TIME — For a video DAC, the time required 
for the output to change (and settle in) from an initial 
+1/2 LSB error band to the final + 1/2 LSB error band. 


TTL — Transistor-transistor logic. 


TWO’S COMPLEMENT CODE — A binary code appli- 
cable to bipolar operation, in which the positive and 
negative codes of the same analog magnitude sum to 
all zeroes, plus a carry. It is the same as Offset Binary 
Code, with the MSB inverted. 


UNIPOLAR INPUT — A mode of operation whereby the 
analog input range (of an A/D), or output range (of a 
DAC), includes values of a single polarity. Examples are 
Oto +10 V, Oto —5.0V, +2.0 to +8.0 V, etc. 
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MC13001XP 


MC13002XP 


MONOMAX BLACK AND WHITE TV SUBSYSTEM 
MONOMAX 
BLACK AND WHITE TV 
SUBSYSTEM 


The MONOMAX is a single-chip IC that will perform the elec- 
tronic functions of a monochrome TV receiver, with the exception 
of the tuner, sound channel, and power output stages. The 
MC13001XP and MC13002XP will function as drop-in replace- 
ments for MC13001P and MC13002P, but some external IF com- 
ponents can be removed for maximum benefit. IF AGC range has 
been increased, video output impedance lowered, and horizontal 
driver output current capability increased. 

@ Full Performance Monochrome Receiver with Noise and Video 

Processing — Black Level Clamp, DC Contrast, Beam Limiter 
@ Video IF Detection on Chip — No Coils, No Pins, except Inputs 
Noise Filtering on Chip — Minimum Pins and Externals 
®@ Oscillator Components on Chip — No Precision Capacitors Re- 

quired 
@ MC13001XP for 525 Line NTSC and MC13002XP for 625 Line 
CCIR 
Low Dissipation in All Circuit Sections 
High-Performance Vertical Countdown 
2-Loop Horizontal System with Low Power Start-Up Mode 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


Noise Protected Sync and Gated AGC System 

Designed to work with TDA1190P or TDA3190P Sound IF and 
Audio Output Devices 

Reverse RF AGC Types are Available: MC13008XP, MC13009XP 


P SUFFIX 
PLASTIC PACKAGE 
CASE 710 


FIGURE 1 — BASIC ELEMENTS OF THE SYSTEM 
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MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


Rating | Symbol Value | Unit 

Power Supply Voltage — Pin 18 Vcc +16 Vde 

Power Dissipation Pp 1.0 Watts 

Horizontal Driver Current — Pin 17 IHOR —20 mA 

RF AGC Current — Pin 11 IRFAGC 20 mA dl 

Video Detector Current — Pin 24 lvip 5.0 zi mA 

Vertical Driver Current — Pin 22 | ___'VERT 5.0 4 mA | 
[auxiliary Regulator Current — Pin 19 IREG 35 mA 

Thermal Resistance Junction-to-Case ReJc 60 as °C/W | 

Maximum Junction Temperature 1 een 150 cif °C 

Storage Temperature Range Tstg_ —65 to +150 °C 

Operating Temperature Range ies Ta 0° to +70 ae °C 


RECOMMENDED OPERATING CONDITIONS 


Symbol 


Horizontal Output Drive Current 
RF AGC Current 


Regulator Current 


Value Unit 
<10 mA 
=10 mA 


Oscillator Sensitivity 


Start-Up Frequency fHOR +10 
(1g = 4.0 mA) 
Oscillator Temperature Stability fHOR 


(0 < TA = 75°C) 


Phase Detector 1 
(Charge/Discharge Current) 

(Non Standard Frame) 

(Standard Frame) 


Phase Detector 1 


(Output Voltage Limits) 2.5 (Min) fe eed 
Phase Detector 1 
(Leakage Current) 


Phase Detector 2 1o2 
(Charge/Discharge Current) 


Phase Detector 2 V¢2 7.7 (Max) Vdc 
(Output Voltage Limits) 1.5 (Min) 
Phase Detector 2 
(Leakage Current) 
18 (Max) ps 
5.0 (Min) 


Phase Detector 1 (Gain Constant) 
(Out-of-Lock} 
(In-Lock) 
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VERTICAL SPECIFICATIONS 


Characteristics 


Ramp Leakage Current 


Feedback Maximum Voltage 


IF SPECIFICATIONS 
Regulator Voltage 
Input Bias Voltage 


Input Resistance 
Input Capacitance 
(VaGc Pin 8 = 4.0 V) 


Sensitivity 
(Vg = 0 V, 400 Hz 30% MOD, V2g = 0.8 Vpp) 


Bandwidth 
VIDEO SPECIFICATIONS 


Zero Carrier Voltage (See Figure 5) Pin 28 ‘ 


Output Voltage (See Figure 6) Pin 24 . Vv 
White to Back Porch 

Differential Gain % 

Differential Phase Degrees 
(IRE Test Method) 


Ve 


AGC & SYNC 


R.F. (Tuner) AGC Output Current 
(Vi1 = 5.5 V) 
AGC Delay Bias Current i ee 
AGC Feedforward Current eee 4 


AGC Threshold V28 4.7 
(Sync Tip at Pin 28) 
V7 


Sync Separator Operating Point 


\F GAIN REDUCTION (dB) 


Sync Separator Charge Current 


FIGURE 2 — MONOMAX AGC CHARACTERISTICS FIGURE 3 — VIDEO OUTPUT RESPONSE 
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FIGURE 4 — DETECTOR PRODUCTS 
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GENERAL DESCRIPTION 


The Video IF Amplifier is a four-stage design with 80 
KV sensitivity. It uses a 6.2 V supply decoupled at Pin 
4. The first two stages are gain controlled, and to ensure 
optimum noise performance, the first stage control is 
delayed until the second stage has been gain reduced 
by 15 dB. To bias the amplifier, balanced de feedback 
is used which is decoupled at Pins 2 and 6 and then fed 
to the input Pins 3 and 5 by internal 3.9 k resistors. The 
nominal bias voltage at these input pins is approxi- 
mately 4.2 Vdc. The input, because of the high IF gain, 
should be driven from a balanced differential source. 
For the same reason, care must be taken with the IF 
decoupling. 

The IF output is rectified in a full wave envelope de- 
tector and detector nonlinearity is compensated by us- 
ing a similar nonlinear element in a feedback output 
buffer amplifier. The detected 1.9 Vp-p video at Pin 28 
contains the sound intercarrier signal, and Pin 28 is nor- 
mally used as the sound takeoff point. The video fre- 
quency response, detector to Pin 28, is shown in Figure 
3 and the detector intermodulation performance can be 
seen by reference to Figure 4. Typical Pin 28 video 
waveforms and voltage levels are shown in Figure 5. 

The video processing section of Monomax contains 
a contrast control, black level clamp, a beam current 


FIGURE 5 — PIN 28 SOUND OUTPUT 


Zero Carrier 


— Back Porch 
—-AGC Threshold 


-~Noise Threshold 


limiter and composite blanking. The video signal first 
passes through the contrast control. This has a range 
of 14:1 for a 0 V to 5.0 V change of voltage on Pin 26, 
which corresponds to a change of video amplitude at 
Pin 24 of 1.4 V to 0.1 V (black to white level). The beam 
current limiter operates on the contrast control, reduc- 
ing the video signal when the beam current exceeds 
the limit set by external components. As the beam cur- 
rent increases, the voltage at Pin 27 moves negatively 
from its normal value of 1.5 V, and at 1.0 V operates the 
contrast control, thus initiating beam limiting action. 
After the contrast control, the video is passed through 
a buffer amplifier and dc restored by the black level 
clamp circuit before being fed to Pin 24 where it is 
blanked. The black level clamp, which is gated “on” 
during the second half of the flyback, maintains the 
video black level at 2.4 V + 0.1 V under all conditions, 
including changes in contrast, temperature and power 
supply. The loop integrating capacitor is at Pin 25 and 
is normally at a voltage of 3.3 V. The frequency response 
of the video at Pin 24 is shown in Figure 3 and it is 
blanked to within 0.5 V of ground. 

The AGC loop is a gated system, and for all normal 
variations of the IF input signal maintains the sync tip 
of a noise filtered video signal at a reference voltage 


FIGURE 6 — PIN 24 — VIDEO OUTPUT 


Maximum 
-— Contrast 


Minimum 


—— Contrast 
~~ Back Porch 


Maximum 
-— Blanking Level 


MOTOROLA LINEAR/INTERFACE DEVICES 


MC13001XP, MC13002XP 


(5.1 V Pin 28). The strobe for the AGC error amplifier is 
formed by gating together the flyback pulse with the 
separated sync pulse. Integration of the error signal is 
performed by the capacitor at Pin 8, which forms the 
dominant AGC time constant. Improved noise perfor- 
mance is obtained by the use of a gated AGC system, 
noise protected by a dc coupled noise canceling circuit. 
The false AGC lock conditions, which can result from 
this combination, are prevented by an anti lockout cir- 
cuit connected to the sync separator at Pin 7. AGC lock- 
out conditions, which occur due to large rapid changes 
of signal level are detected at Pin 7 and recovery is 
ensured under these conditions by changing the AGC 
into a mean level system. The voltage at Pin 10 sets the 
point at which tuner AGC takeover occurs and positive 
going tuner control, suitable for an NPN RF transistor, 
is available at Pin 11. The maximum output is 5.5 V at 
5.0 mA. A feed-forward output is provided at Pin 9. This 
enables the AGC control voltage to be ac coupled into 
the tuner takeover control at Pin 10. The coupling allows 
additional IF gain reduction during signal transient con- 
ditions, thus compensating for variations of AGC loop 
gain at the tuner AGC takeover point. In this way the 
AGC system stability and response are not degraded. 

The previously mentioned noise protection is effected 
by detecting negative-going noise spikes at the video 
detector output. A dc coupled detector is used which 
turns on when a noise spike exceeds the video sync tip 
by 1.4 V. This pulse is then stretched and used to cancel 
the noise present on the delayed video at the input to 
the sync separator. Cancellation is performed by blank- 
ing the video to ground. Complete cancellation of the 
noise spike results from the stretching of the blanking 
pulse and the delay of the noise spike at the input to 
the sync separator. Protection of both the horizontal PLL 
and the AGC stems from the fact that both circuits use 
the noise cancelled sync for gating. 

The composite sync is stripped from a delayed and 
filtered video in a peak detecting type of sync separator. 


The components connected to Pin 7 determine the slice 
and tilt levels of the sync separator. For ideal horizontal! 
sync separation and to ensure correct operation of AGC 
anti-lockup circuit, a relatively short time constant is 
required at Pin 7. This time constant is less than opti- 
mum for good noise free vertical separation, giving rise 
to a vertical slice level near sync tip. An additional, 
longer, time-constant is therefore coupled to the first 
via a diode. With the correct choice of time constants, 
the diode is non conducting during the horizontal sync 
period, but conducts during the longer vertical period. 
This connects the longer time constant to the sync sep- 
arator for the vertical period and stops the slice level 
from moving up to the sync tip. The separated com- 
posite sync is integrated internally, and the time con- 
stant is such that only the longer period vertical pulses 
produce a significant output pulse. The output is then 
fed to the vertical sync separator, which further pro- 
cesses the vertical pulse and provides increased noise 
protection. The selection of the external components 
connected to the vertical separator at Pin 23 permits a 
wide range of performance options. A simple resistor 
divider from the 8.2 V regulated supply gives adequate 
performance for most conditions. The addition of an RC 
network will make the slice level adapt to varying sync 
amplitude and give improved weak signal performance. 
A resistor to the AGC voltage on Pin 9 enables the sync 
slice level to be changed as a function of signal level. 
This further improves the low signal level separation 
while at the same time giving increased impulse noise 
protection on strong signals. 


HORIZONTAL OSCILLATOR 


The horizontal PLL (see Figure 7) is a 2-loop system 
using a 31.5 kHz oscillator which after a divider stage 
is locked to the sync pulse using phase detector 1. The 
control signal derived from this phase detector on Pin 
13 is fed via a high-value resistor to the frequency- 
control point on Pin 12. The same divided oscillator 


FIGURE 7 — HORIZONTAL OSCILLATOR SYSTEMS 
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frequency is also fed to phase detector 2, where the 
flyback pulse is compared with it and the resulting error 
used to change a variable slice level on the oscillator 
ramp waveform. This therefore changes the timing of 
the output square wave from the slicer and hence the 
timing of the buffered horizontal output on Pin 17 (see 
Figure 8). The error on phase detector 2 is reduced until 
the phasing of the flyback pulse is correct with respect 
to the divided oscillator waveform, and hence with re- 
spect to the sync pulse. 

To improve the pull-in and noise characteristics of the 
first PLL, the phase detector current is increased when 
the vertical lock indicator signals an unlocked condition 
and is decreased when locked. This increases the loop 
bandwidth and pull-in range when out of lock and de- 
creases the loop bandwidth when in lock, thus improv- 
ing the noise performance. In addition, the phase de- 
tector current during the vertical period is reduced in 
order to minimize the disturbance to the horizontal 
caused by the longer period vertical phase detector 
pulses. 

The oscillator itself is a novel design using an on-chip 
50 pF silicon nitride capacitor which has a temperature 
drift of only 70 ppm/C and negligible long term drift. 
This, in conjunction with an external resistor, gives a 
drift of horizontal frequency of less than 1Hz/°C — i.e., 
less than 100 Hz over the full operating temperature 
range of the chip. The pull-in range of the PLL is about 
+ 750 Hz, so normally this would eliminate the need 
for any customer adjustment of the frequency. 

The second significant feature of this design is the 
use of a virtual ground at the frequency control point 
which floats at a potential derived from a divider across 
the power supply and this is the same divider which 
determines the end-points of the oscillator ramp. The 
frequency adjustment which is necessary to take up 
tolerances in the on-chip capacitor is fed in as a current 
to this virtual ground and when this adjustment current 
is derived from an external potentiometer across the 
same supply there is no frequency variation with supply 
voltage. Moreover, using the voltage from a potentiom- 
eter for the adjustment instead of the simple variable 
resistor normally used in RC oscillators makes the fre- 
quency independent of the value of the potentiometer 
and hence its temperature coefficient. The frequency 
control current from the first phase detector is fed into 
this same virtual ground and as the sensitivity of the 
control is about 230 Hz/yA a high value resistor can be 
used (680 kQ) and this can be directly connected to the 
phase detector filter without significant loading. 

This oscillator operates with almost constant fre- 
quency to below 4.0 volts and as the total PLL system 
consumes less than 4.0 mA at this voltage, this gives 
an ideal start-up characteristic for receivers using 
deflection-derived power supplies. 

The flyback gating input is on Pin 15 which is inter- 
nally clamped to 0.7 V in both directions and requires 
a negative input current of 0.6 mA to operate the gate 
circuit. This input can be a raw flyback pulse simply fed 
via a suitable resistor. 


FIGURE 8 — HORIZONTAL WAVEFORMS 
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VERTICAL SYSTEM 


An output switching signal is taken from the 31.5 kHz 
oscillator to clock the vertical counter which is used in 
place of a conventional vertical oscillator circuit. The 
counter is reset by the vertical sync pulse but the period 
during which it is permitted to reset is controlled by the 
window control. Normally, when the counter is running 
synchronously, the window is narrow to give some pro- 
tection against spurious noise pulses in the sync signal. 
If the counter output is not coincident with sync how- 
ever, after a short period the window opens to give reset 
over a much wider count range, leading to a fast picture 
roll towards lock. At weak signal, i.e., less than 200 pV 
IF input, the vertical system is forced to narrow mode 
to give a steadier picture for commonly occurring types 
of noise. The vertical sync, gated by the counter, then 
resets a ramp generator on Pin 20 and the 1.5 volt p-p 
ramp is buffered to Pin 22 by the vertical preamplifier. 
A differential input to the preamp on Pin 21 compares 
the signal generated across the resistor in series with 
the deflection coils with the generated ramp and thus 
controls shape and amplitude of the coil current. 

The basic block diagram of the countdown system is 
shown in Figure 9. The 31.5 kHz (2 FH) clock from the 
horizontal oscillator drives a 10-stage counter circuit 
which is normally reset by the vertical sync pulse via 
the sync gate, OR gate and D flip-flop. This D input is 
also used to initiate discharge of the ramp capacitor and 
hence causes picture flyback. 

The period during which sync can reset the counter 
and cause flyback is determined by the window control 
which defines a count range during which the gate is 
open. One of two ranges is selected according to the 
condition of the signal. The normal “narrow” range is 
514 to 526 counts for a 525 line system and is selected 
after the coincidence detector indicates that the reset is 
coincident, twice in succession, with the 525 count from 
the counter. When the detector indicates non- 
coincidence 8 times in succession, then the window 
control switches to the ‘‘wide’’ mode (384 to 544 counts) 
to achieve rapid re-synchronization. For the 625 line 
version the counts are 614 to 626 for narrow mode and 
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FIGURE 9 — MONOMAX VERTICAL COUNTDOWN 
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484 to 644 for wide mode. Note that the OR gate after 
the sync gate is used to terminate the count at the end 
of the respective window if a sync pulse has not ap- 
peared. 

This method accepts non-standard signals almost in 
the same way as a conventional triggered RC oscillator 
and has a similar fast lock-in time. However, the use of 
a window control on the counter reset ensures that 
when locked with a normal standard broadcast signal 
the counter will reject most spurious noise pulses. 

The blanking output is provided from a latch which 
is set by the counter reset pulse and terminated by count 
20 from the counter chain. 


FIGURE 10 — VERTICAL WAVEFORMS 
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POWER SUPPLY 


The power supply regulator, although of simple de- 
sign, provides two independent power supplies — one 
for the horizontal PLL section and the other for the re- 
mainder of the chip. The supplies share the same ref- 
erence voltage but the design of the main regulator is 
such that it can be switched on independently to give 
minimum loading on the “bleed” voltage source during 
start-up phase of a deflection-derived supply system. 


FIGURE 11 — POWER SUPPLY CIRCUIT 
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FIGURE 12 — TEST CIRCUIT DIAGRAM 
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FIGURE 13 — TYPICAL APPLICATION 
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TV PARALLEL SOUND IF AND AFT IF/AFT 
The PSIF is a single-chip IC that enhances the performance of SILICON MONOLITHIC 
a color TV, audio and video/chroma system. It eliminates band- INTEGRATED CIRCUIT 


pass compromises which normally tradeoff 920 kHz video beat 
with sound performance. The chip also includes a surface wave 
filter preamplifier and an AFT circuit. 


e@ Low Noise Preamplifier for SAW Filter 
Wideband IF Amplification with Mean Level AGC 
Intercarrier Detector for Sound Carrier Output 
Reduces 920 kHz Beat 

AFT Discriminator with Output Polarity Selection 
Internal Voltage Regulator 8.2 V 


30 mA Available from 8.2 V Internal Regulator P SUFFIX 
PLASTIC PACKAGE 


CASE 707 


PIN CONNECTIONS 


FIGURE 1 — BLOCK DIAGRAM 
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MAXIMUM RATINGS 


Dynamic Characteristics 


Preamp Gain (Differential Output, 50 0 Loads) 


IF Sensitivity, Output 1.5 Vop 
Input 45.75 MHz, 30% AM @ 1.0 kHz Differential Pins 2, 3 


AGC Range, Input CW for Output Change of +0.25 Vdc PF 
Intercarrier Sound Output (Beat), 
Input 45.75 MHz, 7.0 MVrms; 41.25 MHz, 2.2 MVrms 
IF Bandwidth (3.0 dB) 
Preamplifier Input Resistance Rin 
Preamplifier Input Capacitance Cin 
IF Input Resistance Rin 
IF input Capacitance Cin 
Preamplifier Max Input Signal (Single Ended) 
IF Max Input Signal (Differential) 


Noise Figure IF, Max Gain 
Noise Figure Preamplifier 


AFT Center-Frequency Slope ota | 


AFT Output Max, 1.0 MHz Detuning 


AFT 15 
21k Output 


E502LN-4000034 
(0.12 nH) 


Output 11 


: Preamp 
gf 'nput = AGc10 
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DESCRIPTION 

The MC13010 TV Parallel Sound IF/AFT is designed 
to be part of a high performance color television system. 
Its primary function is to provide a complete separate 
IF amplifier for sound, leaving the normal IF to be con- 
cerned only with video. Secondary functions include an 
AFT detector and a SAW preamp. 

in most present day color television receivers, sound 
and video are processed by the same IF amplifier and, 
in many cases, the same synchronous or pseudosyn- 
chronous detector. This imposes undesirable compro- 
mises in video and sound performance. Particularly in 
the U.S., the avoidance of a color/sound beat product 
(920 kHz) can only be achieved at the expense of sound 
quieting and sensitivity. Earlier solutions involved a sin- 
gle IF amplifier driving two detectors, with numerous 
interstage alignments required. 

A method of solving these problems is to process the 
sound and video separately, directly from the tuner out- 
put. The MC13010 provides the second complete IF 
channel, with its own wideband detector and AGC. This 
permits both video IF and sound IF to be free of tuned 
elements, except at their inputs. (See Figure 3.) 


quiring only one external filter. The general character- 
istic of the IF gain and gain control are given in Figure 
4. The intercarrier sound output (Pin 11) is typically 
about 200 MV;ms, which easily overcomes a lossy in- 
tercarrier filter and meets the input needs of even the 
least sensitive FM sound IF ICs. 


AFT 

The AFT detector is a quadrature type operating at 
the picture IF frequency, with only one external L-C to 
be aligned. The polarity of the AFT output may be 
changed by taking the mode control (Pin 16) high or. 
low. If the control pin is left open, the AFT is defeated. 


ADDITIONAL APPLICATIONS 

The MC13010 is an ideal part for stand-alone AFT. It 
contains the entire active system to provide a tuner with 
“self control’. (See Figure 6.) 

This device performs AM detection at the intercarrier 
sound output. Therefore, AM modulated digital data 
may be recovered. This function may be useful in cable 
systems where digital coding is employed. 


FIGURE 3 — BLOCK DIAGRAM OF T.V. APPLICATION OF MC13010 


Filter 


PREAMPLIFIER 

The preamp is included to compensate for the high 
insertion loss of a Surface Acoustic Wave filter. This 
SAW filter may have two outputs with different re- 
sponses, or it may serve only the video signal path. The 
preamp is optional if an LC filter is used. In any case, 
the selectivity ahead of the video IF must provide deep 
trapping of the sound carrier, while the sound bandpass 
is relatively broad and flat between the picture and 
sound carriers. 


THE SOUND IF 

The overall gain of 80 dB and gain control range of 
48 dB equals the video IF’s of earlier designs. This al- 
lows the full improvement of the system architecture to 
be realized. The AGC in the MC13010 is a peak-detecting 
type, driven internally from the sound detector, and re- 
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FIGURE 4 — GAIN AND AGC CHARACTERISTICS 
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FIGURE 5(A) — TYPICAL TV APPLICATION 


Intercarrier 
Output 


(To FM 
GG 1 0k S Sound IF) 


FIGURE 5(B) — TYPICAL APPLICATION 


Shown above are two approaches to using the 
MC13010 in TV designs. The simpler circuit 5(a) offers 
the lowest cost, but the 12 dB of preamp gain does not 
overcome the 20 to 25 dB of SAW filter loss. (Bearing 
in mind that discrete L/C approaches also incur some 
loss at this point, the 5(a) circuit is probably about equal 
in gain.) The transformer T4 in Figure 5(b) takes advan- 
tage of the high impedance current source nature of the 
preamp outputs, Pins 6 and 7, to pick up another 6.0 dB 
of gain. Even more may be possible with more primary 
turns. When using the coil information given at the right, 
note that it is based on very limited experience and is 
offered only as a general guideline. 


Experimental values for 45 MHz IF: 


T1 — Primary: TOKO E502LN-4000034 
Secondary: TOKO E502LN-7000037 in shield 
case 


Vec = 12 Vde 


AFT Output 
to Tuner 


T2 — Video IF Surface Acoustic Wave (SAW) 
Filter: muRata, SAF 45MC02Z 


T3 — Ceramic !ntercarrier Output Filter: muRata SFE 
4.5 MB 


T4 — TOKO KANAS-K7060EK 


L1 — TOKO E502LN-4000034 J.W. Miller 48A147MPC 
with shield case, tuned to 45.75, L ~ 0.12 wH. 


L2 — Same part as L1, except tuned to 44 MHz and 
loaded with 270 0 


Ri and R2 — Adjust for nominal tuning voltage 


R3 — Chosen for tuning voltage swing required. Note 
that Pin 15 can source or sink 300 pA (typ) at the 
extremes of control range 
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FIGURE 6 — ‘’“STAND-ALONE’’ AUTOMATIC FINE TUNING (AFT) APPLICATION 


Signal 
from 
Tuner 


Channel 3 Component Values 

T1— Made from two coils positioned side by side, with- 
out shields, on 0.38” centers. Coils are COILCRAFT 
part no. T7-142 (violet 7-1/2 turns), each with its 
own slug, Carbonal E, adjusted to 63 MHz (=0.4 
wH). This should give a slightly overcoupled 
response. A shield to surround the coils may be 
required. 


Li — COILCRAFT UNI-7/150 (blue 6-1/2 turns) or 
UNI-10/144 (green 5-1/2 turns) shielded, adjusted 
to 61.25 MHz (= 0.14 nH) 


R1 and R2 — Adjust for nominal tuning voltage 


R3 — Chosen for tuning voltage swing required. Note 
that Pin 15 can source or sink 300 pA (typ) at the 
extremes of control range 
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MOTOROLA C-QUAM® 
AM STEREO 
DECODER 


MOTOROLA C-QUAM® AM STEREO DECODER 


This circuit is a complete one chip, full feature AM stereo decod- 
ing and pilot detection system. It employs full-wave envelope 
signal detection at all times for the L + R signal, and decodes L 
— R signals only in the presence of valid stereo transmission. 


®@ No Adjustments, No Coils 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


@ Few Peripheral Components 

@ True Full Wave Envelope Detection for L+R 

@ PLL Detection For L—R 

@ 25 Hz Pilot Presence Required To Receive L—R 
e 


Pilot Acquisition Time 300 ms For Strong Signals, Time 
Extended For Noise Conditions To Prevent ‘‘Falsing” 


Internal Level Detector Can Be Used As AGC Source 


P SUFFIX 
PLASTIC PACKAGE 
CASE 738 


FIGURE 1 — TYPICAL APPLICATION 
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The purchase of the Motorola C-QUAM® AM Stereo Decoder does not carry with such purchase any license by implication, estoppel or otherwise, 
under any patent rights of Motorola or others covering any combination of this decoder with other elements including use in a radio receiver. Upon 
application by an interested party, licenses are available from Motorola on its patents applicable to AM Stereo radio receivers. 
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MAXIMUM RATINGS 


a ee 
[Flot Lamp curren Pinté_———SSCSC~CSCSC*dtCCi 


Junction Temperature 


Vde 


Power Dissipation 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Vcc = 8.0 Vdc, Ta = 25°C, Input Signal = 200 mVRMS. Unmodulated carrier, circuit of 
Figure 1, unless otherwise noted.) 


a aa = 
Characteristic Min Typ Max Unit 
= T— 4 = 
Supply Line Current Drain, Pin 6 20 = 30 40 — mAdc Z| 
Input Signal Level, Unmodulated, Pin 3, for Full Operation 100 200 357 mVRMS 
—T 
Audio Output Level, 50% Modulation, L only or R only ut 160 220 280 mVRMS 
Audio Output Level, 50% Modulation, Monaural 80 | 110 140 _t mVRMS 
— ag 
Channel Balance, 50% Modulation, Monaural —_ i _ +1.0 dB 
Output THD, 50% Modulation Monaural _— _ 0.5 % 
Stereo = _ 1.0 
Output THD, 90% Modulation Monaural — — 1.0 | | 
Channel Separation, L only or R only, 50% Modulation fa 23 21 30 _ dB | 
Input Impedance Rin 20 27 = T kQ 
Cin _| _ za 6.0 L _ 1 pF | 
( Output Impedance | _— ales 100 150 0 
Pilot Acquisition Time, VCO locked, after release of forced monaural _— 280 300 ms 
Pilot Acquisition Time, Bad Signal Condition 1.48 ie tioas ae oon | sec 
Lock Detector Filter Voltage, Pin 10 In Lock uh 7.7 8.0 _ Vde | 
Out of Lock ut — 0.8 | 1.0 
Force to Monaural, Pin 9, Pull Down for Monaural Mode 2.0 2.5 = Vde 
= 15 1. 
au = 0 0 pA 
Force to Monaural, Pin 9, Pull Up for Automatic Mode _ 3.5 3.7 Vdc 
— <0.001 | 10 | pA | 


FIGURE 2 — BASIC QUADRATURE AM (QUAM) FIGURE 3 — MOTOROLA C-QUAM® 


Vi1+L+R)2 + (L—R)2 = Envelope 
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compatible 
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monaural 
receivers. 
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MC13020P 


FIGURE 4 — BLOCK DIAGRAM 
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MOTOROLA C-QUAM® — COMPATIBLE 
QUADRATURE AM STEREO 


INTRODUCTION 

In C-QUAM®, conventional quadrature amplitude 
modulation has been modified by multiplying each axis 
by cos@ as shown in Figures 2 and 3. The resulting 
carrier envelope is 1+L+R, i.e., a correct sum signal 
for monaural receivers and for stereo receivers oper- 
ating in monaural mode. A 25 Hz pilot signal is added 
to the L-R information at a 4% modulation level. 


THE DECODER 

The MC13020P takes the output of the AM IF amplifier 
and performs the complete C-QUAM® decoding func- 
tion. In the absence of a good stereo signal, it produces 
an undegraded monaural output. Note in Figure 4 that 
the L+R information delivered to the output always 
comes from the envelope detector (Env DET). 

The MC13020P decodes the stereo information by 
first converting the C-QUAM® signal to QUAM, and then 
detecting QUAM. The conversion is accomplished by 
comparing the output of the Env DET and the | DET in 
the Err AMP. This provides the 1/cosé@ correction factor, 
which is then multiplied by the C-QUAM® incoming sig- 
nal in the Var Gain block. Thus, the output of the Var 
Gain block is a QUAM signal, which can then be syn- 
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© 


Vcc 


Stereo 
Indicator 


) 
Force To 
Monaural 


Note 1: Output polarity is 
defined for receiver front 
end with L.O. above signal 
frequency. 


chronously detected by conventional means. The | and 
Q detectors are held at 0° and 90° relative demodulation 
angles by reference signals from the phase-locked, 
divided-down VCO. The output of the | DET is 1+L+R, 
with the added benefit (over the Env DET) of being able 
to produce a negative output on strong co-channel or 
noise interference. This is used to teil the Lock circuit 
to go to monaural operation. The output of the Q DET 
is the L—R and pilot information. 


THE VCO 

The VCO operates at 8 times the IF input frequency, 
which ensures that it is out-of-band, even when a 260 
kHz IF frequency is used. Typically a 450 kHz IF fre- 
quency is used with synthesized front ends. This places 
the VCO at 3.6 MHz, which permits economic crystal 
and ceramic resonators. A crystal VCO is very stable, 
but cannot be pulled very far to follow front-end mis- 
tuning. Pull-in capability of + 100 Hz at 450 kHz is typical, 
and de-Q-ing with a resistor (see Figure 7) can increase 
the range only slightly. Therefore, the crystal approach 
can only be used with very accurate, stable front-ends. 
By comparison, ceramic and L—C VCO circuits offer 
pull-in range in the order of +2.5 kHz (at 450 kHz). Ce- 
ramic devices accurate enough to avoid trimming ad- 
justment can be obtained with a matched capacitor for 
Cs (see Figures 1 and 5). 
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In the PLL filter circuit on Pin 19, C1 is the primary 
factor in setting a loop corner frequency of 8-10 Hz, in- 
lock. An internally controlled fast pull-in is provided. R2 
is selected to slightly overdamp the contro! loop, and 
C2 prevents high frequency instability. 

The Level DET block senses carrier level and provides 
an optional tuner AGC source. It also operates on the 
Q AGC block to provide a constant amplitude of 25 Hz 
pilot at Pin 11, and it delivers information to the pilot 
decoder regarding signal strength. 


PILOT AND CO-CHANNEL FILTERS 

The Q AGC output drives a low pass filter, made up 
of 400 © internal, and 430 © and 5 pF external. From 
this point, an active 25 Hz band-pass filter is coupled to 
the Pilot Decoder, Pin 14, and another low-pass filter is 
connected to the Co-channel Input, Pin 12.°A 2:1 re- 
duction of 25 Hz pilot level to the Pilot Decode circuit 
will cause the system to go monaural, with the com- 
ponents shown. Refer to Figure 8 for the formulas gov- 
erning the active band-pass filter. The co-channel input 
signal contains any low frequency intercarrier beat 
notes, and, at the selected level, prevents the Pilot De- 
code circuit from going into stereo. The co-channel in- 
put, Pin 12, gain can be adjusted by changing the ex- 
ternal 1.5 k resistor. The values shown set the ‘‘trip’”’ 
level at about 7% modulation. The 25 Hz pilot signal at 
the output of the active filter is opposite in phase to the 
pilot signal coming from the second low-pass filter. The 
56 k resistor from Pin 14 to Pin 12 causes the pilot to 
be cancelled at the co-channel input. This allows a more 
sensitive setting of the co-channel trip level. 


THE PILOT DECODER 

The Pilot Decoder has two modes of operation. When 
signal conditions are good, the decoder will switch to 
stereo after 7 consecutive cycles of the 25 Hz pilot tone. 
When signal conditions are bad, the detected interfer- 
ence changes the pilot counter so as to require 37 con- 
secutive cycles of pilot to go to stereo. In a frequency 
synthesized radio, the logic that mutes the audio when 
tuning can be connected to Pin 9. When this pin is held 
low it holds the decoder in monaural mode and switches 
it to the short count. This pin should be held jow until 
the synthesizer and decoder have both jocked onto a 
new station. A 300 ms delay should be sufficient. If the 
synthesizer logic does not provide sufficient delay, the 
circuit shown in Figure 9 may be added. Once Pin 9 
goes high, the Pilot Decoder starts counting. If no pilot 
is detected for seven consecutive counts, it is assumed 
to be a good monaural station and the decoder is 
switched to the long count. This reduces the possibility 
of false stereo triggering due to signal level fluctuation 
or noise. If the PLL goes out of lock, or interference is 
detected by the co-channel protection circuit before 
seven cycles are counted, the decoder goes into the long 
count mode. Each disturbance will reset the counter to 
zero. The Level Detector will keep the decoder from 
going into stereo if the IF input level drops 10 dB, but 
will not change the operation of the pilot counter. 

Once the decoder has gone into the stereo mode, it 
will go instantly back to monaural if either the lock de- 
tector on Pin 10 goes low, or if the carrier level drops 


below the preset threshold. Seven consecutive counts 
of no pilot will also put the decoder in monaural. In 
stereo, the co-channel input is disabled, and co-channel 
or other noise is detected by negative excursions of the 
| DET, as mentioned earlier. When these excursions 
reach a level caused by approximately 20% modulation 
of co-channel, the lock detector puts the system in mon- 
aural, even though the PLL may still actually be locked. 
This higher level of co-channel tolerance provides the 
hysteresis to prevent chattering in and out of stereo on 
a marginal signal. 

When ail inputs to the Pilot Decode block are correct, 
and it has completed its count, it turns on the Switch, 
sending the L—R to the Matrix, and switches the pilot 
lamp pin to a low impedance to ground. 


SUMMARY 

It should be noted that in C-QUAM®, with both chan- 
nels AM modulated, the noise increase in stereo is a 
maximum of 3.0 dB, less on program material. There- 
fore, this is not the major concern in the choice of mon- 
aural to stereo switching point as it was in FM, and blend 
is not needed. 


PIN DESCRIPTIONS 


Pin 1,2 — Detector Filters, Rout = 4.3 k, recommend 
0.0033 uF to Vcc to filter 450 kHz compo- 
nents. 

Pin3 — IF Signal Input 

Pin4 — Level Detector filter pin, Rout = 8.2 k, 10 uF 
to ground sets the AGC time constant. High 
impedance output, needs buffer. 

Pin5 — ErrorAmp compensation to stabilize the Var 
Gain feedback loop 

Pin6 — Vcc, 6-10 Vde, suitable for low Vpatt auto- 
motive operation, but must be protected 
from “high line” condition. 

Pin 7,8 — Left and Right Outputs, NPN emitter follow- 
ers 

Pin 9 — Forced Monaural, MOS or TTL controllable 

Pin 10 — Lock detector filter, Royt = 27 k, recom- 
mend 2.2 uF to ground. 

Pin 11 — AGC’d Q output, NPN emitter follower with 
400 2 from emitter to Pin 11 

Pin 12 — Co-channel Input, 2.0 k series in and 47 k 
feedback 

Pin 13. — Pilot Filter Input to op amp, see Figure 8 

Pin 14 — Pilot Decode Input (op amp output) emitter 
follower, Royt = 100 2 

Pin 15 — Stereo Lamp, open-collector of an NPN 
common emitter stage, can sink 50 mA, 
Vsat = 0.3 Vv at 5.0 mA 

Pin 16 — Ground 

Pin 17. — Oscillator input, Rij; = 10k, do not de con- 
nect to Pin 18 or ground 

Pin 18 — Oscillator feedback, NPN emitter, Rout = 
100 0 

Pin 19 — Phase Detector Output, current source to fil- 
ter 

Pin 20 — Detector Filter, Royt = 4.3 k, recommend 


0.0033 uF to Vcc to filter 450 kHz 
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FIGURE 5 — CERAMIC VCO FIGURE 6 — L-—C VCO 


PIN 19 VOLTAGE (VOLTS) 


"466487 448 449 450 451 452 453 (454 , 446 447 448 449 450 451 452 463 454 
VCO + 8 FREQUENCY (kHz) VCO + 8 FREQUENCY (kHz) 
FIGURE 7 — CRYSTAL VCO FIGURE 8 — ACTIVE BAND-PASS FILTER 
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449.90 449.95 450.00 450.05 450.10 
VCO + 8 FREQUENCY (kHz) 


FIGURE 9 — FORCED MONAURAL 
OPTIONAL DELAY CIRCUIT 


where, in this application: 
fo = center frequency = 25 Hz 
Ao = gain at fg<25 
Q<10 


Choose values for fg, Ag, OQ, and 
convenient C, solve for resistors 


Vere [Ram [em [Re | 
oarur | a7k | 910 | 220k | 
oaauF | e2k | 13k | 30k 


Note: Capacitor C should be a good grade, low ESR. 
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Advance Information 


C-QUAM® 
ADVANCED, MEDIUM VOLTAGE 
ADVANCED, MEDIUM VOLTAGE AM STEREO DECODER 
AM STEREO DECODER 


SILICON MONOLITHIC 

The MC13022 is designed for home, portable, and automotive INTEGRATED CIRCUIT 

AM stereo radio applications. The circuits and functions included 

in the design allow implementation of a full-featured C-CQUAM® 

AM stereo radio with relatively few, inexpensive external parts. 

It is available in either 28-lead DIP or EIAJ compatible wide-bodied 
28-lead SOIC. 


@ Operation from 4.0 V to 10 V Supply with Current Drain of 
18 mA Typ 
@ IF Amplifier with Two Speed AGC 


® Post Detection Filters with 10 kHz Notch that Allow User or 
Automatic Adjustable Audio Bandwidth Control P SUFFIX 


@ Signal Quality Controlled Stereo Blend and Noise Reduction aa aa 


@ Noise and Co-Channel Discriminating Stop-On-Station 


® Signal Strength Indicator Output for RF AGC and/or Meter 
Drive 


@ Signal Strength Controlled IF Bandwidth 


@ Noise Immune Pilot Detector Needs no Precision Filter 


Components DW SUFFIX 


® MC13023 Complementary Tuning System IC PLASTIC PACKAGE 
CASE 751F 
(SO-28L) 


FIGURE 1 — BASIC ELEMENTS OF THE SYSTEM 
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under any patent rights of Motorola or others covering any combination of this decoder with other elements including use in a radio receiver. Upon 


The purchase of the Motorola C-QUAM®* AM Stereo Decoder does not carry with such purchase any license by implication, estoppel or otherwise, 
application by an interested party, licenses are available from Motorola on its patents applicable to AM Stereo radio receivers. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATING 


L Rating Symbol “ls Value Unit 
Supply Voltage _ Vcc | 12 | Vde 
Stereo Indicator Lamp Current, Pin 21 L | 30 mAdc | 
Operating Temperature TA ~40 to +85 °C 

| Storage Temperature LL Tstg ie 65 to + 150 | °c | 
Junction Temperature TJ(max) | 150 °c | 
Power Dissipation Pp 1.25 Ww 

Derate above 25°C 10 mWw?c 


ELECTRICAL CHARACTERISTICS (Vcc = 8.0 V, Ta = 25°C) 


Characteristic 
Power Supply Operating Range 
Supply Line Current Drain, Pin 25 11 | _-16 22 mAdc 
Minimum Input Signal Level, Unmodulated, Pin 5, for Full Operation _ 5.0 — mVrms 
Audio Output Level, 50% Modulation, L only or R only Stereo 100 140 180 mVrms 
Audio Output Level, 50% Modulation Monaural Hie 50 <i 70 90 { mVrms 
Output THD, 50% Modulation Monaural —_— 0.3 0.5 % 
Stereo _| —_— 0.5 2.0 L 
| Channel Separation, L only or R only, 50% Modulation Stereo 22 35 — dB 
[ Pilot Acquisition Time Following BLEND Reset to 0.3 Vdc | — _— 600 ie mSec 
| Audio Output Impedance at 1.0 kHz, Pin 7, 14 L ees | 300 _ { Ohms 
Stereo Indicator Lamp Pin — _— 200 mVdc 
Saturation Voltage at 3.0 mA Load Current — VsaT Pin 21 | 
[ Stereo Indicator Lamp Pin _ — 1.0 [ pAdc 
Leakage Current Pin 21 [ 
Notch Filter Control Pin 15 (See Figure 3) 
[_ Response versus Voltage LL | 


EXPLANATION OF FEATURES 


BLEND AND NOISE REDUCTION 

Although AM stereo does not have the extreme dif- 
ference in S/N between mono and stereo that FM does 
(typically less than 3.0 dB versus greater than 20 dB for 
FM), sudden switching between mono and stereo is 
quite apparent. Some forms of interference such as co- 
channel have a large L— R component that makes them 
more annoying than would ordinarily be expected for 
the measured level. The MC13022 measures the inter- 
ference level and reduces L~—R as interference 
increases, blending smoothly to mono. The pilot indi- 
cator remains on as long as a pilot signal is detected, 
even when interference is severe, to minimize annoying 
pilot light flickering. 


RF AGC/METER DRIVE 

A dc voltage proportional to the log of signal strength 
is provided at Pin 6. This can be used for RF AGC, signal 
strength indication, and/or control of the post detection 
filter. Normal operation is above 2.2 V as shown in Fig- 
ure 4. 


STOP SENSE 

Multiplexed with the signal strength information is 
the stop sense signal. The stop sense is activated when 
scanning by externally pulling the blend capacitor on 
Pin 23 below 0.5 V. This would typically be done from 
the mute line in a frequency synthesizer. 

If at any time Pin 23 is low and there is either no signal 
in the iF or a noisy signal of a predetermined interfer- 


ence level, Pin 6 will go low. This low can be used to 
tell the frequency synthesizer to immediately scan to 
the next channel. The interference detection prevents 
stopping on many unlistenable stations, a feature par- 
ticularly useful at night when many frequencies may 
have strong signals from multiple co-channel stations. 


IF BANDWIDTH CONTROL 

IF AGC attenuates the signal by shunting the signal 
at the IF input. This widens the IF bandwidth by decreas- 
ing the loaded Q of the input coupling coil as signal 
strength increases. 


POST DETECTION FILTERING 

With weak, noisy signals, high frequency rolloff 
greatly improves the sound. Conventional tone controls 
do not attenuate the highs sufficiently to control noise 
without also significantly affecting the mid-range. Also, 
notch filters are necessary with any wide-band AM radio 
to eliminate the 10 kHz whistle from adjacent stations. 

By using a twin-T filter with variable feedback to the 
normally grounded center leg, a variable Q notch filter 
is formed that provides both the 10 kHz notch and var- 
iable high frequency rolloff functions. Typical range of 
response is shown in Figure 3. Response is controlled 
by the dc voltage on Pin 15. 

Pin 15 could interface with a dc operated tone control 
such as the TDA1524, or could be tied to Pin 6 for auto- 
matic audio bandwidth control as a function of signal 
strength. 
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FIGURE 2 — TEST CIRCUIT 
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FIGURE 5 — HIGH PERFORMANCE HOME TYPE AM STEREO RECEIVER 
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Advance Information 


MOTOROLA C-QUAM® 
AM STEREO FRONT END AND TUNER STABILIZER AM RECEIVER FRONT END 
The MC13023 is a companion part to the MC13022 C-QUAM* AND TUNER STABILIZER 
AM Stereo Decoder. It provides the mixer, local oscillator, and IF 


amplifier to make a complete AM stereo tuner system. Also SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


included is all circuitry needed to provide the tuning function for 
high performance manually tuned radios, and a wideband RF AGC 
circuit for very wide dynamic range systems. The wideband AGC 
can be disabled to save current in battery powered applications 
where it is not needed. 


For Manually and Electronically Tuned Radios: 

@ Operation from 4.0 V to 10 V Supply 

@ Complete ‘Front End” for Home and Portabie Radios P SUFFIX 

e Wideband AGC for External RF Amplifier in Automotive Type PLASTIC PACKAGE 
Radios CASE 648 

e Local Oscillator Unaffected by RF Signal Variations 


For Manually Tuned Radios: 
e Provides AFC for Tuning Ease and Accuracy 


@ Eliminates Microphonic Responses SC uR eR Pow 

e Provides Tuned Lock Indication PACKAGE ae 
eee : ‘ CASE 751B 

e@ Uses Existing Mechanical Tuning Elements (SO-16) 1 


e Narrows Audio Bandwidth in MC13022 While Tuning to 
Reduce Interstation Noise 


FIGURE 1 — MANUALLY TUNED SYSTEM 
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Indicator *Can be the same tuned circuit used for local 


Discriminator” oscillator tuning in a standard AM radio. 
Tuned Circuit 


The purchase of the Motorola C-CQUAM®* AM Stereo Decoder does not carry with such purchase any license by implication, estoppel or otherwise, 
under any patent rights of Motorola or others covering any combination of this decoder with other elements including use in a radio receiver. Upon 
application by an interested party, licenses are available from Motorola on its patents applicable to AM Stereo radio receivers. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC13023 


Rating 


[ Supply Voltage 


Tuned Lamp Current 


| Operating Temperature 


i. Storage Temperature 


Junction Temperature 


Power Dissipation 


I Derate above 25°C 


Value Unit 
12 Vde ij 
20 mAdc 
—40 to + 85 | 2 03 a 
—65 to +150 °C 
3 
150 °C 
7 
1.25 Ww 
10 i= mWwW/C | 


ELECTRICAL CHARACTERISTICS (Vcc = 8.0 V, Ta = 25°C, unless otherwise noted.) 


| Characteristic | Min Typ Hi Max Unit | 
g | I 
| Power Supply Operating Range, Pin 1 i= 4.0 8.0 10 Vdc | 
Supply Line Current Drain, Pin 1 mAdc 
Ipp1 (Pin 2 Grounded) 5.0 7.5 9.0 
| _'pp2 (Pin 2 Open) 6.0 90 | | 
| Reference Current @ —3.0 V (Drain/Supply), Pin 7 — 100 0 +100 L pAdc 
Wideband AGC Output Voltage Into 5.1 k Ohm Load Vde 
Connected to 5.0 V, Pin 16 (@ —120 dBV _ 4.7 — 
q@ —45 dBV _ 3.5 —_ 
«@ —~36 dBV _— 2.1 — 
= t+ +~j— + 
Varactor Tuning Current (Out of Tuning Window), Pin 12 _— 180 _ pwAdc 
Varactor Tuning Current (in Tuning Window), Pin 12 —_ 3.7 _— 
Varactor Tuning Voltage Range, Pin 12 0.5 Vde from Vcc and Ground 
ha “7 T~ 
Loop Filter Input Current, Pin 15 —_ el _— 100 | pAdc 
IF Output Pin 8, 3.3 k Ohm Load [ 310 375 450 mVrms 
IF Input Pin 3, —30 dBV, 1.7 MHz | | 
IF dc Current Drain, Pin 8 — 1.0 — mAdc 
Mixer de Current Drain, Pin 4 — 0.8 — 
—}——-—_—_—~} 
Mixer Input Impedance, Pin 3 —_ = —_ k Ohms 
Mixer Output Impedance, Pin 4 — = _ 
“Tuned” Lamp Indicator Leakage Current, Pin 9 — _ 1.0 wAdc 
CIRCUIT DESCRIPTION FIGURE 2 — PIN DESCRIPTION 
MIXER ‘ 16, Wideband 
The mixer is doubly balanced and has an extended cee AGC Out 
dynamic range. The output is single ended and works / ete A ros 
into a resistive load, which gives a better impedance boat 


match to a ceramic IF filter than a tuned circuit and 
simplifies alignment. 


(F AMPLIFIER 

The first IF amplifier is a wide dynamic range design 
that needs no AGC. All IF AGC is done in the MC13022 
by a shunt attenuator preceding the second IF stage. 
The shunt attenuator has the additional benefit of pro- 
viding a variable load on the IF coupling coil, which 
reduces the bandwidth at iow signal amplitudes. 


OSCILLATOR 

The single pin oscillator runs at four times the local 
oscillator mixer injection frequency. The VCLO is var- 
actor tuned by the frequency synthesizer in electroni- 
cally tuned applications and by internal varactor drive 
control in manually tuned applications. The frequency 
divider isolates the VCLO from any load changes caused 
by varying incoming RF signal strength. There is also 
a local oscillator buffered output for driving a frequency 
synthesizer in electronically tuned applications. This 
output drives a discriminator coil in manually tuned 
applications. 


WIDEBAND AGC 

The wideband AGC is used to prevent receiver front 
end overload in very wide dynamic range applications 
such as automotive radios. The wideband AGC has an 


Mixer In © 


Loop Filt. 
MC13022 @ 
Logic Blend 


Varactor 
Control | 


IF Indicator 
Amplifier Driver 


@ Manually Tuned Application only — not used for ETR 
@ Manually Tuned Application only — disabled by 100 k Ohm to 3.0 V for ETR 


MC13022 @ 
Stop-Sense 


O VCLO Varactor © 
Tuning Voltage 


IF Amp In © VCLO In 


Discriminator 
(Man. Tune) 
L.O. Buffer (ETR) 


3.0 V Ref. Ino 


Tuned 


IFA t : 
mp.Qut.© Indicator 


independent input and a current drive output to allow 
maximum flexibility of application. Grounding the input 
will turn off most of the circuit to save current in battery 
powered applications where the wideband AGC is not 
needed. 


MANUAL TUNING, GENERAL DESCRIPTION 

The local oscillator, consisting of a VCLO and four 
times frequency divider, is varactor controlled. When 
stopped on a station, the varactor is controlled by the 
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same loop filter voltage that controls the VCO in the 
MC13022. In this mode the local oscillator is com- 
pletely immune from mechanical vibration of the tun- 
ing elements. 

The mechanical input for manual tuning changes the 
center frequency of a wide-band discriminator. The ref- 
erence frequency for the discriminator comes from the 
VCLO divider. When the discriminator has been tuned 
more than +7.0 kHz from the reference, a high current 
drive from the discriminator to the VCLO is switched on 


to rapidly retune the local oscillator frequency so as to 
follow the center of the discriminator. At the same time 
the MC13022 is forced into the mono mode, via con- 
nection to the MC13022 blend line, to prevent any audi- 
ble effects from tuning. 

When tuning is stopped and the MC13022 locks on 
the new station, the discriminator VCLO control current 
is switched off and the “tuned” indicator is turned on. 
The MC13022 VCO loop filter control voltage will then 
AFC the VCLO to put the IF frequency on center. 


FIGURE 3 — TUNING/TUNED CONTROL LOGIC O Vcc 
ae ae 
MC13022 | a 
Blend Tuned 
Voltage a Be: S Ey Light 
| Latch ee. Q3 
| 
| a2 Ca2 ( = | 
| | >< rst) | 
MC13022 
Stop-Sense | 
Manual Window | 
Tuning Detect 
Control | 
Tuning | 
Switch 
Tuned Voltage From 
15} Mc13022 
_] Loop Filter 


MANUAL TUNING, DESCRIPTION OF CONTROL 
SEQUENCE 

Assuming that the radio has been tuned to a stereo 
station, the MC13022 blend voltage would be at 3.6 V 
and the stop-sense voltage greater than 2.3 V. The 
MC13023 VCLO, see Figure 3, would have the varactor 
controlled through a buffer from the MC13022 VCO con- 
trol. Q1 and Q2 are off and the “tuned” light is on, the 
latch being in the reset condition from the high on the 
stop-sense line. When the mechanical tuning control is 
moved to change to a new Station the discriminator is 
tuned to a new frequency. The out-of-window detector 
immediately turns on Q1 to pull down the stop-sense/ 
meter drive line of the MC13022. Where this line is also 
used to provide automatic audio bandwidth control, the 
pull-down reduces the bandwidth to approximately 
2.0 kHz, thereby minimizing the annoying interstation 
noise. 

As the stop-sense goes below 0.4 V, the blend line of 
the MC13022 is pulled down by Q2, controlled by the 
signal through gates G1 and G2. Between 2.2 V and 
1.5 V on the blend line, the MC13022 blends the audio 
from stereo to mono. Below 0.7 V the pilot detector is 
turned off. 

When the blend line goes below 0.4 V, the latch is set 
through Gate 3, the “tuned” light is turned off, and the 
control of the VCLO is switched to the discriminator. 


In the MC13022 the low blend voltage activates the 
fast AGC on the 2nd IF amplifier, sets a latch that will 
allow fast acquisition of stereo when pilot is detected, 
and activates the stop-sense. With the blend held low 
the stop-sense will act as a lock detector, staying low 
until the MC13022 VCO locks. 

With the discriminator in control, the VCLO will be 
pulled to center the local oscillator frequency in the 
discriminator. Once within the tuned window, the win- 
dow detector will release the pull-down on the stop- 
sense line. If the discriminator was not tuned on a 
station the MC13022 will not lock and will hold the 
stop-sense low, preventing any further action. 

Assuming that the MC13022 does lock on to a station, 
the stop-sense will rise. At 1.5 V the latch will be reset, 
turning on the “tuned” light, releasing the pull-down 
on the blend line, and switching off the discriminator 
control of the VCLO. 

The MC13022 decoder PLL will AFC the VCLO to put 
the IF frequency in the center of the IF as determined 
by the tuning of the VCO coil of the MC13022. The tuning 
control can now be adjusted within the +7.0 kHz tuned 
window to fine tune the RF selectivity. 
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FIGURE 4 — MANUALLY TUNED APPLICATION 
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ELECTRONICALLY TUNED RECEIVERS 

Figure 5 is a block diagram showing the MC13023 in 
an electronically tuned system. Except for the four times 
oscillator and divider, it is similar to most standard AM 
radio systems. The RF stage and wideband AGC would 
typically be used in automobile radios. A home type 
receiver with loop antenna would not normally require 
the RF stage. 
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FIGURE 5 — ELECTRONICALLY TUNED SYSTEM 
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TYPICAL ETR APPLICATION 

The performance of AM radios is limited primarily 
by overload problems such as desensitization, cross- 
modulation and intermodulation. Problems are 
caused by nonlinearities in the front end of the radio. 

The most severe signal environment is seen by auto- 
motive radios as they pass through strong RF fields of 
nearby stations, and, for this reason, most applications 


o_o”: eee: nh eee eee 
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use some form of front end AGC. A typical front end 
design is shown in Figure 6. This system uses a FET RF 
stage with AGC applied to a cascode transistor in series 
with the FET. The wideband AGC turns down the RF 
gain any time there is a strong signal present in a wide 
band of frequencies determined only by the selectivity 
of the first RF coil. 


A HIGH PERFORMANCE ETR TUNER 

Improvement in overload performance requires mul- 
tiple solutions. Subsequently, when one element of the 
circuit is improved another part of the circuit will over- 
load a few dBs higher. 

In the MC13023, the mixer, which is normally the first 
element to overload and become nonlinear on nearby 
signals, has been degenerated to give 8.0 to 10 dB 
improvement over a normal mixer. The mixer is pro- 
tected by the total amount of RF selectivity for signals 
further out in frequency. 

The next most vulnerable element is usually the tun- 
ing varactor on the first RF coil, followed by the wide- 
band AGC elements and RF stage. Figure 7 shows a 
high performance front end circuit that is much better 


for overload than the circuit of Figure 6. The circuitry 
around the MC13022 remains the same. 

A light dependent resistor (LDR) is used in front of 
the RF amplifier for attenuation. The LDR is much more 
linear and has a greater dynamic range than diodes or 
transistors that are sometimes used for RF AGC. The 
current through the LED, which in turn controls the 
resistance of the LDR, is varied by the wideband AGC. 

The first RF coil is tuned with two back-to-back var- 
actors, as is typically done in FM receivers, to make the 
circuit more linear. The second RF coil varactor is suf- 
ficiently protected by the first coil so that two varactors 
are not needed. 

With the above improvements, the wideband AGC 
input can be taken after the second RF coil. This will 
prevent strong signals, distant in frequency from a weak 
desired station from causing unnecessary attenuation 
or drop-out. 

The performance with the above improvements is 
now limited by overload in the FET RF amplifier. Slight 
degeneration with unbypassed source resistance 
greatly improves the overload performance with only a 
slight reduction in sensitivity. 


FIGURE 6 — ELECTRONICALLY TUNED APPLICATION 
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FIGURE 7 — HIGH PERFORMANCE ETR TUNER 
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TUNED CIRCUITS 


CF1 450 kHz Ceramic Filter 
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Advance Information 


LOW VOLTAGE 


LOW VOLTAGE MOTOROLA C-QUAM® MOTOROLA C-QUAM® 

AM STEREO RECEIVER AM STEREO RECEIVER 
The MC13024 is intended to serve the manually tuned portable and SILICON MONOLITHIC 
pocket radio mass market. This part includes all receiver and stereo INTEGRATED CIRCUIT 


decoding functions, from antenna to Left and Right audio outputs. 
© Full Operation from 1.8 V to 8.0 Vde Supply 


CASE 751E 
(SO-24L) 


@ Low Power, Current Drain (typ) 5.0 mA 

® Typical Distortion <1% at 90% L+R or 50% Single Channel 

® Typical Channel Separation >25 dB 

@ Pilot Tone Detector P SUFFIX 

@ Combined Two Level Tuning and Stereo Indicator ee 
@ “Blend On” Stereo Mode 

@ High Accuracy, Fast Locking VCLO 

® Controlled Return to Monaural Under Adverse Conditions DW SUFFIX 

@ Minimized ‘Tweets and Birdies” PLASTIC PACKAGE 
e 


Minimized Tuning Transients 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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C-QUAM? is a trademark of Motorola. 


under any patent rights of Motorola or others covering any combination of this decoder with other elements including use in a radio receiver. Upon 


The purchase of the Motorola C-QUAM” AM Stereo Decoder does not carry with such purchase any license by implication, estoppel or otherwise, 
application by an interested party, licenses are available from Motorola on its patents applicable to AM Stereo radio receivers. 


This document contains information on a new product. Motorola reserves the right to change or 
discontinue this product without notice. 
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MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted) 


Rating Symbol Value Unit 
Supply Voltage Vcc 10 Vde 
Operating Temperature TA Oto +70 °c 
Storage Temperature Tstg —65 to +150 °C 


ELECTRICAL CHARACTERISTICS (Vcc = 2.2 Vdc, Ta = 25°C, Input RF signal = 40 dBuV at 1.0 MHz directly fed to the 
receiver, Modulating signal = 1.0 kHz sine wave at 30% modulation, unless otherwise noted.) 


Characteristic 
Power Supply Voltage 


Supply Current, Excluding Current LEDs 
No Signal 
Monaural 
Stereo 


1.8 to 8.0 


Vde 


L 
LED Driving Current 

Monaural 

Stereo 


Sensitivity, Monaural 


Maximum 
20 dB S/N 
S/N Ratio Monaural 
Stereo 
Channel Separation LtoR 
RtoL 
Recovered Audio (L or R) 
Stereo Channel Balance 
Distortion Monaural : : 
Stereo <= 1.1 2.5 


NOTE: 1. A 200 Hz high-pass filter is required at the recovered audio output to filter out the residual 25 Hz pilot frequency. 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-124 


GZL-6 


SADIAAG JDVAYALNI/VYVANIT VIOYOLOW 


sz 
a» 


FIGURE 2 — MC13024 TEST CIRCUIT SCHEMATIC 
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Part Numbers for Tuning Components: 


T1_— Input Transformer A7BRS-10952X — TOKO 
T2 Local Oscillator A7BRS-T1342AIX — TOKO 
T3 Mixer Output 7MCS-T1464X — TOKO 
T4 IF Input (Ceramic) ALFC-450E / 

ACMF-450ST / 

NTK RLF-B12-450 
TS IF Output 7MCS-T1463BS — TOKO 


T6 Reference Oscillator MF291ACS-3688VL — TOKO 


VZOELOIN 
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FIGURE 3 — APPLICATION CIRCUIT, MANUALLY TUNED HEADPHONE RADIO 
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Part Numbers for Tuning Components: 


A7BRS-10952X — TOKO 
A7BRS-T1342AIX — TOKO 
7MCS-T1464X — TOKO 
ALFC-450E / 

ACMF-450ST / 
NTKALF-B12-450 
7MCS-T1463BS — TOKO 
MF291ACS-3688VL — TOKO 
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GENERAL DESCRIPTION 

The MC13024 is a complete C-QUAM® AM stereo 
receiver, from the antenna to low level audio. All that 
is needed make a complete AM stereo radio is the addi- 
tion of the appropriate audio output amplifier. The 
MC13024 is intended for use in most types of manually 
tuned receivers: pocket portables, ‘‘boom boxes,” table 
radios, etc. It will operate from 1.8 Vdc to 8.0 Vdc and 
requires typically 5.0 mA (not including LED). This broad 
supply voltage tolerance and low power consumption 
makes it ideal for portables using as few as 2 battery 
cells. The radios which can be built using this part can 
be quite low in cost, while still benefiting from a high 
degree of functional sophistication. 


FEATURES 

The MC13024 contains a wide dynamic range mixer, 
IF, AGC, AFC, C-QUAM® decoder, stereo pilot tone 
detector, and a signal quality detector. The stereo 
decoding and pilot detection are similar to the well- 
established MC13020, except for reduced peripheral 
components, and the phase-locked loop used for the 
L-R detection now is looped around the entire receiver. 
In other words, the PLL controls the tuner local oscillator 
(VCLO) rather than a detector loop after the IF. The 
advantage of this, in manually tuned AM stereo, is sig- 
nificant, because it assures that the signal will always 
be properly centered in the IF bandpass, which is critical 
to good channel separation. This architecture also gives 
the radio an AFC tuning behavior which makes it easy 
to tune. The PLL has two “speeds,” provided by current 
ratios of 50:1, which give fast lock and low distortion, 
respectively. 

A signal! quality detector circuit monitors lock con- 
dition, excess in-phase modulation due to interference, 
pilot presence and amplitude, and the movement of the 


tuning element by the user. A proper level of pilot must 
be present for several cycles before stereo mode will 
be enabled. When all conditions are correct, the tran- 
sition from monaural to stereo is done gradually to pre- 
vent a transient ‘‘pop.’’ Under aberrated conditions, the 
audio may either blend to mono or make an immediate 
change to mono, depending on the detected condition. 
The LED pin drives a dual purpose indicator: low current 
for PLL lock, and full current for stereo mode. Again, 
the switching is done ‘’softly” to prevent transient load- 
ing of a weak battery. 

The IF gain and the mixer RF gain are each reduced, 
in turn, as signal strength increases, to optimize S/N 
and prevent overload. The receiver is capable of 20 dB 
S/N at 2.5 »V/50 ohm input. At weak signals, the ref- 
erence oscillator and quadrature divider are shut off to 
minimize ‘tweets and birdies.” 


RADIO CONSTRUCTION 

Layout is not much more critical than any high per- 
formance AM receiver. Care must be taken to provide 
a good ground plane and short leads on signal paths. 
Take special care to keep the reference oscillator com- 
ponents close to Pin 22 and protected from coupling 
from the pilot bandpass output, Pin 24. Also take care 
with the ever present threat of RF radiation from the 
audio output back into the antenna. This can be con- 
trolled by proper component location and good (close) 
RF bypass on the amplifier Vcc and good snubbers on 
the audio outputs. Keeping in mind that this is a phase- 
detecting receiver, it is important to mount coils 
securely and avoid movable wires in tuned circuits. A 
lot of individual preference will go into each imple- 
mentation; the components shown here are only 
intended to provide a good working start. 
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Product Preview 
AM RECEIVER SUBSYSTEM 


SILICON MONOLITHIC 
AM RECEIVER SUBSYSTEM INTEGRATED CIRCUIT 


This circuit is the core of an AM broadcast receiver. The 
MCi13041 is ideal as the front end for AM stereo radios using 


electronic tuning. The scan detection system operates with both 
frequency and signal amplitude data for “no false” tuning. = 
1 


@ Electrically Equivalent to ULN3841 


@ Full AM Receiver Function Including: L.O., Balanced Mixer, IF P SUFFIX 
Amp, AM Detector, Scan Control Detectors, and an Internal PLASTIC PACKAGE 
Switchable Voltage Regulator CASE 738 

@ Companion Device to MC13020 C-QUAM® AM Stereo 
Decoder 


e@ Wideband (RF) Delayed AGC 
@ Optional Narrowband FM Output 


@ Tailored to Interface with Synthesizers in Scanning E.T.R. PIN CONNECTIONS 
Applications 


® Stop Detection Independent of AGC Time Constant 
IF AGC 


IF Bypass Mixer Out 
IF Bias Mixer In 
Mixer Bias 
Audio Out [5 | RF AGC In 
Osc 
MAXIMUM RATINGS Ose Gnd 
L.O. Gnd 
RF AGC Out 
111] Stop Out 


Power Supply Voltage Pin 6 


Thermal Resistance, Junction to Ambient 


Operating Ambient Temperature Range 


Storage Temperature Range 


FIGURE 1 — C-QUAM® AM STEREO BROADCAST RECEIVER 
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Control 
TDA1524A 
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MC13041 C-QUAM® AM 
AM Receiver Stereo Decoder 
MC13020 


MPF102 


JFET Synthesized MC145156-1 


Tuning MC146805 
Subsystem 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-128 


MC13041 


ELECTRICAL CHARACTERISTICS (Vcc = 14.4 Vdc, Ta = +25°C, RF Input Frequency = 1.0 MHz, lp = 450 kHz, FMOD = 1.0 kHz, 
Modulation = 30%, Test Circuit of Figure 2, unless otherwise noted.) 


Characteristic 


RF Sensitivity Pin 5 Audio Out Equals 


50 mV 


Usabl itivit + 6 
sable Sensitivity RF In to At Pin 5 S+N = 20408 5. 10 pVrms 


Recovered Audio Audio Out 1.0 mV RF jp at Pin 18 173 240 
at Pin 5 


Total Harmonic Distortion 1.0 mV RF jn 80% 


modulation at Pin 5 


—{_ 


RF Out at Pin 14 
No Input at Pin 18 


Oscillator Output 


Stop Voltage 


Stop Sensitivity 


VSTP SEN Pin 11 Equals 1.5 Vdc 


Pin 18 RF 
VSTOP BW 


Stop Bandwidth Pin 18 = 1.0 mVrms 


Pin 11 = 1.5 Vde 
VAGC | RF Pin 16 = 0 mVrms 
Pin 12 RF Pin 16 


20 mVrms 


{I 


Overload THD at Pin 5 | RF jp at Pin 18 = 25 mVrms 
Audio Out Modulation = 80% 
AGC Figure of Merit Pin 5 Audio | RF jp at Pin 18 
Drop to 10 dB | dB Below 30 mV 
Below Ref 


NOTE: Pin 9 voltage regulator output for local oscillator only. 


FIGURE 2 — TEST CIRCUIT 


Vec = 
14.4 Vde 


15 (9) Audio Out 


MC13041 


150 
S || ~ Mute 
top Out 
a + 470 uF 1 
2.2 nF 10 hE = = 
en ae rut rr 
(+) ‘al 3 3, FI 
wsB ‘Osc. Out ! I 
AGC ee 1 
F1 | Fitter muRata CFU 450 (Ceramic) Out aa t [ay pease ae 
| = { 2.0k 76 zs 
T3 | Osc. 5:1 Toko 7TRS-T1078AO 150 | ba Re oa 
Te | Mixer N1:N2 = 2.63 Toko 7NRES-T1079EK ts, a TL 2100 
N1i:N3 = 11.7 3 = 
TS Detector Q = 100 Toko 7NRES-T1080AAG fA 
Ct = 100 pF To Vreg (+) RF To Vcc 
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TAKEN IN TEST CIRCUIT OF FIGURE 2 


FIGURE 3 — RECOVERED AUDIO 


RECOVERED AUDIO, PIN 5 (mVrms) 
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FIGURE 5 — AM AFC 


AFC VOLTAGE, PIN 10 (Vdc) 
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DEVIATION FROM IF CENTER FREQUENCY AF (kHz) 


FIGURE 7 — FREQUENCY WINDOW 


FREQUENCY WINDOW (kHz) 
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FIGURE 4 — RF INPUT AT AUDIO OUTPUT = 50 mVrms 


RF INPUT (Vrms) 


-60 -45 -30 -15 0 5 83006450 605s 9D. 


TEMPERATURE (°C) 


FIGURE 6 — STOP LEVEL 


PIN 11 = 15V 


RF INPUT (z2Vrms) 
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TEMPERATURE (°C) 


FIGURE 8 — FREQUENCY WINDOW 


STOP VOLTAGE, PIN 11 (Vdc) 
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FIGURE 9 — MC13041 BLOCK DIAGRAM 


@ @,© Q Orr 
IF iF IF IF * In 
In 


AGC 


Bypass 


Mixer & 


AGC Delay 


UN-AGC 
Tuning 


Window Det. 


Carrier 
Level Det. 


Summing 
Circuit 


RF Vcc 5.0 Volt 
AGC Reference 


RF RF 
AGC AGC 
In Out 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-131 


cEL-6 


SADIAAG JOVAYALNI/YVANIT VIOYOLOW 


“4500 330 nH 


es i 


20 19 18 


Monaural 
Audio o 


17 16 15 14 13 12 «11 
MC13041P 


FIGURE 10 — APPLICATION SCHEMATIC 
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FIGURE 11 — RECEIVER GAIN-REDUCTION VOLTAGES FIGURE 12 — RECEIVER RECOVERED AUDIO 
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RELATIVE AUDIO OUTPUT, PINS 7, 8 (dB) 


SIGNAL INPUT TO ANTENNA (Vrms) SIGNAL INPUT TO ANTENNA (Vins) 
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MINI-WATT 
AUDIO OUTPUT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


MINI-WATT AUDIO OUTPUT 


... a rugged and versatile power amplifier in a remarkable plastic 
power package. 


@ Supply Voltages from 6.0-35 Vdc S&S 


@ 2.0 Watts Output @ 70°C Ambient on P.C. Board with Good 1 


Copper Ground Plane 
D SUFFIX 


® Self Protecting Thermal Shutdown PLASTIC PACKAGE 
@ Easy to Apply, Few Components CASE 751 

® Gain Externally Determined (SOP-8) 

® Output is Independent of Supply Voltage Over a Wide Range 


PIN CONNECTIONS 


Power Type 
Lead Frame 


| 8] Feedback 


FIGURE 2 — THERMAL RESISTANCE AND MAXIMUM POWER 
FIGURE 1 — TYPICAL APPLICATION DISSIPATION versus P.C. BOARD COPPER 


P.C. Board heatsink example 


UA / 
100 wF Lo fil U// 


je L —e]e— 9 mm —|-e— | >| 


Vout 
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1 16/32 0 


RaJA, JUNCTION-TO-AIR (°C W) 


Pp, MAXIMUM POWER DISSIPATION (W) 


L, LENGTH OF COPPER 
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MAXIMUM RATINGS 


Rating Symbol Value Unit 
Power Supply Voltage } Vec 35 i, v_| 
| Audio Input, Pin 5 1.0 Vp- 
[ Thermal Resistance, Junction to Air 160 { ars ] 
Thermal Resistance, Junction to Case 25 °C/W | 
| Junction Temperature 150 oH °C SS 
Operating Ambient Temperature Range —40 to +85 
Storage Temperature Range 


Characteristic 

Power Supply Current, No Signal 

Gain 50 — VN | 
|. +— 

Distortion at 62.5 mW Output, 1.0 kHz 0.2 Sh 1.0 % 

1 

Distortion at 900 mW Output, 1.0 kHz 0.5 3.0 % 

Quiescent Output Voltage, No Signal VPin 1 _ 8.4 — Vdc 

Input Bi Vpin 5 VPi — 0.7 — Vdc 

nput Bias Pin 5 Pin 8 

Input Resistance Rin, Pin S — 28 — kQ 
K + 

Output Noise (50 Hz-15 kHz) Input 50 Q fel Vout _ 0.5 4.0 mVrms 


FIGURE 3 — TEST CIRCUIT 


Audio Input 


DESCRIPTION 

The MC13060 is a quasi-complementary audio power 
amplifier, mounted in the SOP 8 (power SOIC package). 
It is well suited to a variety of 1.0 and 2.0 watt appli- 
cations in radio, TV, intercoms, and other speaker driv- 
ing tasks. It requires the usual external components for 
high frequency stability and for gain adjustment. 

The output signal voltage and the power supply drain 
current are very linearly related, as shown in Figure 5. 
Both are quite constant over wide variation of the power 
supply voltage (above min Vcc for clipping, of course). 


The amplifier can best be described as a voltage source 
with about 1.0 Ap.p capability. On a good heat sink, it 
can deliver over 2.0 watts at 70°C ambient. 

The MC13060 will automatically go into shut-down at 
a die temperature of about 150°C, effectively protecting 
itself, even on fairly stiff power supplies. This eliminates 
the need for decoupling the power supply, which 
degrades performance and requires extra components. 

Input Pins 5 and 8 are internally biased at 0.7 Vdc and 
should not be driven below ground. 
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ALL CURVES TAKEN IN THE TEST CIRCUIT OF FIGURE 3 UNLESS OTHERWISE NOTED 


FIGURE 4 — QUIESCENT SUPPLY CURRENT AND OUTPUT VOLTAGE FIGURE 5 — SUPPLY CURRENT versus OUTPUT 
versus SUPPLY VOLTAGE 
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FIGURE 6 — DISTORTION AND GAIN versus FREQUENCY FIGURE 7 — DISTORTION versus POWER OUTPUT 
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FIGURE 8 — DISSIPATION versus OUTPUT POWER — 32 2 LOAD FIGURE 9 — DISSIPATION versus OUTPUT POWER — 16 2 LOAD 


Pp, DEVICE DISSIPATION (WATTS) 


Pp, POWER DISSIPATION (WATTS} 


1.0 
Pg, POWER OUTPUT (WATTS) Po, POWER OUTPUT (WATTS) 
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FIGURE 10 — INTERNAL SCHEMATIC 
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LOW POWER 
LOW POWER AUDIO AMPLIFIER AUDIO AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC34119 is a low power audio amplifier integrated circuit 
intended (primarily) for telephone applications, such as in 
speakerphones. It provides differential speaker outputs to max- 
imize output swing at low supply voltages (2.0 volts minimum). 
Coupling capacitors to the speaker are not required. Open loop 
gain is 80 dB, and the closed loop gain is set with two external 
resistors. A Chip Disable pin permits powering down and/or 
muting the input signal. The MC34119 is available in a standard 
8-pin DIP or a surface mount package. 


e@ Wide Operating Supply Voltage Range (2-16 volts) — Allows 
Telephone Line Powered Applications 


@ Low Quiescent Supply Current (2.7 mA Typical) for Battery : 


Powered Applications P SUFFIX 
@ Chip Disable Input to Power Down the IC eel ea 
@ Low Power-Down Quiescent Current (65 nA Typical) 
@ Drives a Wide Range of Speaker Loads (8 Ohms and Up) 
e@ Output Power Exceeds 250 mW with 32 Ohm Speaker 
@ Low Total Harmonic Distortion (0.5% Typical) 
® Gain Adjustable from <0 dB to >46 dB for Voice Band 8 & 
@ Requires Few External Components ‘ 
D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


BLOCK DIAGRAM AND TYPICAL APPLICATION CIRCUIT 


Rf 
75 k 


Ci OR; 
| PIN CONNECTIONS 


Audio 0.1 3.0k [Vin 4 
Input 


(Top View) 


Disable 


ORDERING INFORMATION 


Temperature 
* = Optional Device Range 


MC34119P 


Package 
Plastic DIP 
Plastic SOIC 


Differential Gain = 2x — 


Ri —20°C to +70°C 
i} 


MC34119D 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


~1.0 to +18 


-1.0, Vee +1.0 | Vde 


Supply Voltage 

Maximum Output Current at VO1, VO2 
Maximum Voltage @ Vjn, FC1, FC2, CD 
Applied Output Voltage to VO1, VO2 when disabled —1.0, Vec+1.0 Vdc 


Junction Temperature —55, +140 °C 


Devices should not be operated at these values. The ‘Recommended Operating Limits” provide 
for actual device operation. 


RECOMMENDED OPERATING LIMITS 


Sa [ in [Tw [Uni 
Supply Voltage | Vcc | +20| — | +16| 


Load Impedance 


Peak Load Current mA 
Differential Gain (5.0 kHz bandwidth) . dB 
Voltage @ CD (Pin 1) Vv Vde | 
Ambient Temperature *C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Characteristics Symbol Min i! Typ Max Units 
AMPLIFIERS (AC CHARACTERISTICS) 
AC Input Resistance (@ Vin) rj “2 290 — MQ 
Open Loop Gain (Amplifier #1, f < 100 Hz) AVOL1 a 80 } — — dB 
Closed Loop Gain (Amplifier #2) Av2 —0.35 0 +0.35 dB 

(Vcc = 6.0 V,f = 1.0 kHz, Ry = 32 0) 

. = T [po an ee ee 
Gain Bandwidth Product GBW _ 1.5 — MHz 
Output Power, Vcc = 3.0 V, RL = 160, THD < 10% Pout3 55 — — mw 

Vcc = 6.0 V, RL = 32.9, THD < 10% Pout6 250 — _— 
Vec = 12 V, RL = 100 0, THD <= 10% Pout12 as, 400 _ — | 
Total Harmonic Distortion (f = 1.0 kHz) THD % 

(Vcc = 6.0 V, RL = 32 0, Pout = 125 mW) —_ 0.5 1.0 

(Vcc = 3.0 V, RL = 8.0 2, Pout = 20 mW) — 0.5 _— 

| (Voc 2 12V, RL = 32.2, Pout = 200 mW) — 0.6 — 

Power Supply Rejection (Vcc = 6.0 V, AVcc = 3.0 V) PSRR dB 
(C1 = x, C2 = 0.01 pF) 50 — — 
(C1 = 0.1 wF, C2 = 0, f = 1.0 kHz) — 12 — 
(C1 = 1.0 pF, C2 = 5.0 pF, f = 1.0 kHz) _ 52 — 
Muting (Vcc = 6.0 V, 1.0 kHz = f < 20 kHz, CD = 2.0 V) GMT — >70 _ dB 
AMPLIFIERS (DC CHARACTERISTICS) 
Output DC Level @ VO1, VO2, Vcc = 3.0 V, RL = 160 

(Rf = 75 k) Vec = 6.0 V 

Vcc = 12V 

Output High Level (Ionyt = —75 mA, 2.0V < Vcc < 16 V) VoH | — | Vec-1.0 
Output Low Level (Igyt = 75 mA, 2.0 V < Vcc < 16 V) VoL — | 0.16 | -_ 
Output DC Offset Voltage (VO1-VO2) AVo —30 

(Vcc = 6.0 V, Re = 75 kO, RL = 32 Q) 


[Input Bias Current @VinVec=60V)—SsS—~—~—SsSS Sw | «YOO 
[Equivalent Resistance @FC2\Vcc=60V)———S«dY~SCc «| STS 
CHIP DISABLE (Pin 1) 
= 
Input Voltage — High 
Input Resistance (Vcc = Vcp = 16 V) 
POWER SUPPLY 


Power Supply Current 

(Vcc = 3.0 V, RL = =, CD = 0.8 V) 
(Vcc = 16V, Rt = ~, CD = 0.8 V) 
(Vcc = 3.0 V, RL = ~, CD = 2.0 V) 


Note: Currents into a pin are positive, currents out of a pin are negative. 
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PIN DESCRIPTION 


Symbo! bx Pin Description 
CD 1 Chip Disable — Digital input. A Logic ‘0’ (<0.8 V) sets normal operation. A Logic ’1’ (22.0 V) sets 
Ie the power down mode. Input impedance ts nominally 90 kQ. Pe 
L 

FC2 2 A capacitor at this pin increases power supply rejection, and affects turn-on time. This pin can be left 
open if the capacitor at FC1 is sufficient. 

FC1 Is 3 Analog Ground for the amplifiers. A 1.0 4 F capacitor at this pin (with a 5.0 uF capacitor at Pin 2) 
provides (typically) 52 dB of power supply rejection. Turn-on time of the circuit is affected by the 
capacitor on this pin. This pin can be used as an alternate input. 

T ~T ae : : : 

Vin 4 Amplifier input. The input capacitor and resistor set low frequency rolloff and input impedance. The 

| feedback resistor is connected to this pin and VO1. 

vol 5 | Amplifier Output #1. The dc level is = (Vcc — 0.7 V)/2. 

[vee = 6 DC supply voltage (+2.0 to + 16 volts) is applied to this pin. 

GND 7 = Ground pin for the entire circuit. 

L 

VO2 8 Amplifier Output #2. This signal is equal in amplitude, but 180° out of phase with that at VO1. The dc 

level is ~ (Vcc ~ 0.7 V)/2. 


TYPICAL TEMPERATURE PERFORMANCE (- 20° < Ta < +70°C) 


Function Typical Change Units 
Input Bias Current (@ Vin) +40 pA’c 
Total Harmonic Distortion + 0.003 | %I°C 
(Vcc = 6.0 V, RL = 32.0, Pout = 125 mW, f = 1.0 kHz) 
Power Supply Current pALC | 
(Vcc = 3.0 V, RL = x,CD = OV) —2.5 
(Vcc = 3.0 V, Ri = x, CD = 2.0 V) ~0.03 
DESIGN GUIDELINES 
GENERAL similar for a particular 1C, and therefore nearly cancel 


The MC34119 is a low power audio amplifier capable 
of low voltage operation (Vcc = 2.0 V minimum) such 
as that encountered in line-powered speakerphones. 
The circuit provides a differential output (VO1-VO2) to 
the speaker to maximize the available voltage swing at 
low voltages. The differential gain is set by two external 
resistors. Pins FC1 and FC2 allow controlling the amount 
of power supply and noise rejection, as well as provid- 
ing alternate inputs to the amplifiers. The CD pin permits 
powering down the IC for muting purposes and to con- 
serve power. 


AMPLIFIERS 

Referring to the block diagram, the internal config- 
uration consists of two identical operational ampli- 
fiers. Amplifier #1 has an open loop gain of =80 dB 
(at f = 100 Hz), and the closed loop gain is set by 
external resistors R¢ and Rj. The amplifier is unity gain 
stable, and has a unity gain frequency of approxi- 
mately 1.5 MHz. In order to adequately cover the tele- 
phone voice band (300-3400 Hz), a maximum closed 
loop gain of 46 dB is recommended. Amplifier #2 is 
internally set to a gain of — 1.0 (0 dB). 

The outputs of both amplifiers are capable of sourcing 
and sinking a peak current of 200 mA. The outputs can 
typically swing to within ~0.4 volts above ground, and 
to within ~1.3 volts below Vcc, at the maximum cur- 
rent. See Figures 18 and 19 for Voy and VoL curves. 

The output dc offset voltage (VO1-VO2) is primarily 
a function of the feedback resistor (Rf), and secondarily 
due to the amplifiers’ input offset voltages. The input 
offset voltage of the two amplifiers will generally be 


each other at the outputs. Amplifier #1’s bias current, 
however, flows out of Vip (Pin 4) and through Rg, forcing 
VO1 to shift negative by an amount equal to [R¢ x jp). 
VO2 is shifted positive an equal amount. The output 
offset voltage specified in the Electrical Characteristics 
is measured with the feedback resistor shown in the 
Typical Application Circuit, and therefore takes into 
account the bias current as well as internal offset volt- 
ages of the amplifiers. The bias current is constant with 
respect to Vcc. 


FC1 and FC2 

Power supply rejection is provided by the capacitors 
(C1 and C2 in the Typical Application Circuit) at FC1 and 
FC2. C2 is somewhat dominant at low frequencies, while 
C1 is dominant at high frequencies, as shown in the 
graphs of Figures 4-7. The required values of C1 and 
C2 depend on the conditions of each application. A line 
powered speakerphone, for example, will require more 
filtering than .a circuit powered by a well regulated 
power supply. The amount of rejection is a function of 
the capacitors, and the equivalent impedance looking 
into FC1 and FC2 (listed in the Electrical Characteristics 
as Recy and Reco). 

In addition to providing filtering, C1 and C2 also 
affect the turn-on time of the circuit at power-up, since 
the two capacitors must charge up through the inter- 
nal 50 k and 125 kO resistors. The graph of Figure 1 
indicates the turn-on time upon application of Vcc of 
+6.0 volts. The turn-on time is ~60% longer for Vcc 
= 3.0 volts, and ~20% less for Vcc = 9.0 volts. Turn- 
off time is <10 ws upon removal of Vcc. 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-140 


MC34119 


FIGURE 1 — TURN-ON TIME versus C1, C2 AT POWER-ON 
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C1 = 1.0 uF 


Vcc switching from} 
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CHIP DISABLE 

The Chip Disable (Pin 1) can be used to power down 
the IC to conserve power, or for muting, or both. When 
at a Logic “0” (0 to 0.8 volts), the MC34119 is enabled 
for normal operation. When Pin 1 is at a Logic ‘1” (2.0 
to Vcc volts), the IC is disabled. If Pin 1 is open, that is 
equivalent to a Logic 0,” although good design practice 
dictates that an input should never be left open. Input 
impedance at Pin 1 is a nominal 90 kQ.. The power sup- 
ply current (when disabled) is shown in Figure 15. 

Muting, defined as the change in differential gain 
from normal operation to muted operation, is in excess 
of 70 dB. The turn-off time of the audio output, from 
the application of the CD signal, is <2.0 ws, and turn 
on-time is 12-15 ms. Both times are independent of C1, 
C2, and Vcc. 

When the MC34119 is disabled, the voltages at FC1 
and FC2 do not change as they are powered from Vcc. 
The outputs, VO1 and VO2, change to a high impedance 
condition, removing the signal from the speaker. If sig- 
nals from other sources are to be applied to the outputs 
(while disabled}, they must be within the range of Vcc 
and Ground. 


POWER DISSIPATION 
Figures 8-10 indicate the device dissipation (within 
the IC) for various combinations of Vcc, Ri, and load 


power. The maximum power which can safely be dis- 
sipated within the MC34119 is found from the following 
equation: 

Pp = (140°C — Taeja 

where Ta is the ambient temperature; 

and 6, is the package thermal resistance (100°C/W for 
the standard DIP package, and 180°C/W for the surface 
mount package.) 


The power dissipated within the MC34119, in a given 
application, is found from the following equation: 


Pp = (Vcc x Icc) + (Rms * Vcc) ~ (RL x IRMs?) 
where Icc is obtained from Figure 15; 

and IRms is the RMS current at the load; 

and R_ is the load resistance. 


Figures 8-10, along with Figures 11-13 (distortion 
curves), and a peak working load current of +200 mA, 
define the operating range for the MC34119. The oper- 
ating range is further defined in terms of allowable load 
power in Figure 14 for loads of 8.0 0, 16 ©, and 32 2. 
The left (ascending) portion of each of the three curves 
is defined by the power level at which 10% distortion 
occurs. The center flat portion of each curve is defined 
by the maximum output current capability of the 
MC34119. The right (descending) portion of each curve 
is defined by the maximum internal power dissipation 
of the IC at 25°C. At higher ambient temperatures, the 
maximum load power must be reduced according to 
the above equations. Operating the device beyond the 
current and junction temperature limits will degrade 
long term reliability. 


LAYOUT CONSIDERATIONS 

Normally a snubber is not needed at the output of the 
MC34119, unlike many other audio amplifiers. However, 
the PC board layout, stray capacitances, and the manner 
in which the speaker wires are configured, may dictate 
otherwise. Generally the speaker wires should be 
twisted tightly, and be not more than a few inches in 
length. 


TYPICAL CHARACTERISTICS 


FIGURE 2 — AMPLIFIER #1 OPEN LOOP GAIN AND PHASE 
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FIGURE 3 — DIFFERENTIAL GAIN versus FREQUENCY 


0.1 uF Ri 
Input >4 


DIFFERENTIAL GAIN (dB) 


f, FREQUENCY (Hz) 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-141 


MC34119 


POWER SUPPLY REJECTION versus FREQUENCY 


FIGURE 4 — C2 = 10 pF 
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FIGURE 6 — C2 = 1.0 pF 
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FIGURE 5 — C2 = 5.0 pF 
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FIGURE 7 — C2 = 0 
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FIGURE 8 — DEVICE DISSIPATION 
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FIGURE 10 — DEVICE DISSIPATION 
32 © LOAD 
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FIGURE 12 — DISTORTION versus POWER 
f = 3.0 kHz, AVD = 34 dB 
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FIGURE 9 — DEVICE DISSIPATION 
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FIGURE 14 — MAXIMUM ALLOWABLE LOAD POWER 
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FIGURE 16 — SMALL SIGNAL RESPONSE 
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FIGURE 18 — Vcc-VOH @ VO1, VO2 versus LOAD CURRENT 
15 
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FIGURE 15 — POWER SUPPLY CURRENT 
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FIGURE 17 — LARGE SIGNAL RESPONSE 
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FIGURE 19 — VoL @ VO1, VO2 versus LOAD CURRENT 
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FIGURE 20 — INPUT CHARACTERISTICS @ CD (PIN 1) FIGURE 21 — AUDIO AMPLIFIER WITH HIGH INPUT IMPEDANCE 
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75 k FIGURE 23 — FREQUENCY RESPONSE OF FIGURE 22 
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FIGURE 24 — AUDIO AMPLIFIER WITH BANDPASS 
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FIGURE 26 — SPLIT SUPPLY OPERATION 
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NOTE; If Vcc and Veg are not symmetrical about ground then FC1 must be 
connected through a capacitor to ground as shown on the front page. = 
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INTEGRATED CIRCUIT 


The MC44301 is a single channel TV IF and PLL detector system 
for all standard transmission systems. This device enables the 
designer to produce a high quality IF system with white spot 
inversion, AFT and AGC. The MC44301 was designed with an 
emphasis on linearity to minimize sound/picture intermodulation. 


© Single Coil Adjustment for AFT and PLL P SUFFIX 
Me PLASTIC PACKAGE 
® VCO at 1/2 IF for Minimum Beats CASE 724 


@ Simple Circuitry for Low System Cost 
@ White Spot Inversion 

@ Symmetrical + 2.0 MHz Pull-In DW SUFFIX 

® Detects Positive or Negative Modulation PLASTIC PACKAGE 


® Auxiliary AM Detector for AM Sound CASE 751E 
(SO-24L) 


@ Simple Alignment Procedure 


FIGURE 1 — BLOCK DIAGRAM 
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This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MAXIMUM RATINGS 


MC44301 


Power Supply Voltage — Pin 22 


7.0 


Gating Pulse Amplitude 


+500 


Operating Temperature 


—40 to +85 


Storage Temperature ~65 to +150 


Junction Temperature 


Power Dissipation 
Derate above 25°C 


Characteristic 


Operating Supply Voltage Range 
Supply Current 


Differential Input Sensitivity for Full Output 


Bandwidth 
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Lock-Up Time 
Video Amplitude (100% mod depth) 


Tuner AGC Current 


Differential Gain Distortion 


Differential Phase Distortion 
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Sound Subcarrier Output {—20 dB to PIX) 
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CIRCUIT DESCRIPTION 


Design Aims 

The MC44301 performs the functions of IF amplifi- 
cation, AGC, AFT and demodulation of a TV IF signal 
for both positive and negative modulation systems. in 
this respect it is similar to other circuits already on the 
market. However, in the means of obtaining these func- 
tions the MC44301 is very different compared to tradi- 
tional designs. A unique approach was needed for sev- 
eral reasons. Tuned circuits associated with the IF 
amplifier output had to be eliminated to enable the part 
to be easy to use with the minimum of adjustments and 
external components. With this approach a high degree 
of IF stability could be obtained with a reduction in cost. 
Secondly, new techniques were required to improve 
performance in certain critical areas (differential phase 
and gain, etc.). This was especially so in view of the 
removal of the above mentioned tuned circuits. The 
basic idea therefore, was to produce an advanced, high 
performance multistandard IF system which would be 
economical and easy to use. Such a device can suc- 
cessfully compete with the already established IF ampli- 
fiers now available. 


System Description 

Despite the extra complications compared to pseudo 
synchronous demodulation, true synchronous demo- 
dulation seemed to be the only way in which enhanced 
performance could be achieved. The basic system is 
shown in Figure 1 in block diagram form. The IF ampli- 
fier is a four stage, AC coupled design having a sensi- 
tivity of about 20 nV. With a low loss SAW filter and 3.0 
to 6.0 dB extra gain in the tuner, there is no need for a 
SAW preamp. The TV set signal to noise performance 
is acceptable, while the net savings in cost is consid- 
erable. The AGC is a conventional gated system with 
the usual RF AGC output and RF AGC adjustment. Three 
stages of the amplifier are gain controlled to give an 
extended AGC range of 80 dB with improved intermo- 
dulation, signal handling, and differential phase and 
gain performance. The AGC reference is switched when 
positive modulation is selected, via the mode switch, to 
ensure the video level remains constant. Under these 
circumstances the AGC must be gated by a pulse which 
will sample the back porch, as opposed to negative 
modulation where flyback can be used. In both cases a 
positive or negative-going pulse may be used. To 
ensure that the improvements in performance men- 
tioned above were not lost elsewhere, great care was 
taken in the design of the video demodulator and video 
amplifiers. An example of this care is the placing of the 
phase shift required by the video demodulator on the 
signal side instead of on the oscillator side of the demo- 
dulator as is common practice. The 90° phase shift is 
produced by replacing the usual emitter resistors by 
capacitors in the differential amplifier (Figure 3) feeding 
the video demodulator. The output currents are 90° with 
respect to the input voltage over a wide band of fre- 
quencies and the small phase errors caused by the tran- 


sistor small signal emitter resistances (re) are corrected 
by the cross-coupled resistors. This arrangement leads 
to a simpler design, the ability to adjust the demodu- 
lation angle, and lower distortion than is normal at the 
IF amplifier/demodulator interface. The dynamic emitter 
resistances, which can give rise to distortion, are now 
in quadrature with the capacitive reactance and, there- 
fore, contribute very little to the resultant output. 


FIGURE 3 — 90° PHASE SHIFT AMPLIFIER 


Following the !F amplifier and preceding the PLL 
phase detector is a two stage limiter with a gain of 100 
and overall de feedback. This contrasts with the usual 
single stage of limiting with no dc feedback and a tuned 
circuit with diodes at it's output. With two stages of 
limiting, the minimum gain required to remove signal 
amplitude modulation can be designed-in without the 
large voltage swings of a single stage with the same 
gain. Large voltage swings lead to poor differential 
phase and gain performance, hence the need for a tuned 
circuit and diodes as used in previous designs. The dc 
feedback removes the effects of input offsets which are 
another source of differential phase and gain problems. 
The combination of low swing per stage and dc feed- 
back removes the need for having a tuned circuit at the 
output of the limiter and reduces the danger of IF inst- 
ability and radiation. The only problem in using this 
technique is the potential for extra static phase shift and 
resultant errors in the demodulating angles at the video 
and sound demodulators. However, by putting a similar 
two stage limiter, with matching phase shift, on the 
oscillator side of the phase detector, the demodulating 
angles can be restored to the correct phases (0, 90°). 
Having processed the signal in this way, the VCO is then 
phase locked at 90° to the noniimited signal. The only 
unusual feature of the loop just described is that the 
VCO runs at half frequency, and is frequency doubled 
on-chip. This means radiation from the external fre- 
quency determining components will be at “half IF” and 
so will not desensitize the system even if picked up by 
the amplifier input leads (this could cause what is known 
as PLL push-off). Running the oscillator at twice IF fre- 
quency and dividing down, which is another way of 
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solving this problem has several disadvantages. First 
and foremost, radiation into the antenna at twice IF pro- 
duces channel 6 and channel 8 problems in the USA. 
Secondly, it is easier to produce a stable VCO at half IF. 

After attaining phase lock, demodulation of the video 
is achieved by multiplying the signal (nonlimited) with 
the regenerated vision carrier (VCO) in a double bal- 
anced multiplier, the phase relationship between the 
two waveforms being zero degrees. Both positive and 
negative sync video outputs are produced. 


FIGURE 4 — PIN 2 VIDEO OUTPUT WITH 
WHITE SPOT INVERSION 


Normal 0% 
and 100% 


Carrier 
Levels 
White Spot 
Clamp Level 


FIGURE 5 — PIN 3 VIDEO OUTPUT 
FOR DRIVE TO A SYNC SEPARATOR 


Normal 0% 
and 100% 
Carrier 
Levels 


White Spot Sense 
Threshold 
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Toe negative sync output is intended to be used as 
the actual video and is acted upon by the white spot 
noise inverter. This effectively removes the ‘‘whiter than 
white” noise produced by a true synchronous demo- 
dulator and prevents the CRT from being over driven 
and defocused. The positive sync video output is not 
acted on by a white spot noise inverter and of course 
the noise output from a synchronous detector does not 
contain a dc component. Hence, this drive should be 
used as the sync separator drive because a simple pre- 
separator low pass noise filter will produce optimum 
sync performance. Note the sense of the video signals 
at the outputs remain the same whether positive or 
negative modulation is being received. Positive or neg- 
ative modulation is selected externally by the mode 
switch pin. The sound intercarrier is recovered by 


another demodulator similar to the video, except that 
the phase relationship between the signal and the VCO 
is 90° instead of 0°. A consequence of this phase rela- 
tionship is that video interference of the intercarrier sig- 
nal at the detector output is minimized by suppression 
of the lower frequency video components. Should the 
sound carrier contain amplitude information, as in the 
French TV system or as in some scrambled cable sig- 
nals, this information can be recovered by feeding the 
sound intercarrier output back into the circuit through 
a bandpass filter if so desired, to the amplitude detector 
provided on chip. 

The AFT portion of the circuit is the most unconven- 
tional in form. Essentially, AFT is derived by amplifying 
the error signal driving the VCO after phase lock, and 
applying this to the local oscillator in the tuner, thus 
eliminating a coil and a potential IF instability problem. 
After acquisition, and when the circuit has settled down, 
due to the much higher gain in the LO Joop, the VCO 
will have moved a small amount (Afv) from it’s nominal 
frequency, and almost all the original error frequency 
(Afe) between LO and VCO will have been corrected by 
the change in LO frequency (Afl). In this way, provided 
the PLL can be initially locked to the incoming IF signal, 
the VCO can be used as the frequency reference for the 
AFT system. It follows from the above therefore, 
because the system is phase locked, that Afe = (Afl + 
Afv). The combination of the local VCO loop and the 
loop produced by feedback to the LO forms a double 
loop PLL. Analysis shows that overall system stability 
can be assured by treating the VCO loop as a stand 
alone PLL, provided its bandwidth is much wider than 
the LO loop. The VCO Ioop therefore is a low gain wide- 
band loop which guarantees initial capture, while the 
LO loop is basically a high gain dc loop used to keep 
frequency and phase offsets to a minimum. Large phase 
offsets can also be caused by dc offsets in the phase 
detector and AFT amplifier. These are removed by the 
use of commutation on both the phase and AFT outputs. 
This eliminates the need for external phase adjustment, 
while at the same time minimizing distortion by main- 
taining the correct phase angles at the demodulators. 

The AFT system has been designed to acquire the 
vision carrier, without false locking to the sound or adja- 
cent sound carriers, with an initial LO frequency error 
of + 2.0 MHz, reducing this initial error to 3.0 to 10 kHz 
when locked. This contrasts to the discriminator type of 
AFT’s which have highly asymmetric lock characteris- 
tics (— 2.0 MHz + 1.0 MHz), because of the effects of 
the IF filter, and large frequency errors caused by limited 
loop gain. To achieve this level of performance without 
encountering the normal AFT problems associated with 
high loop gain, a novel approach has been taken to 
locking up to the PLL. In the absence of an IF signal, the 
acquisition circuitry examines the state of the video (I) 
and sound (Q) demodulators and detects the lack of a 
signal. It then clamps the LO drive to a reference dc 
level and applies a — 2.0 MHz offset to the VCO. This is 
done so that the nominal IF (should a signal appear), 
and the VCO, are sitting in the center of the IF filter 
passband. Therefore, even if the LO drifts high by + 2.0 
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MHz, the signal will not be significantly attenuated by 
the filter. When the acquisition circuit detects the 
appearance of a signal, beat notes are produced at the 
output of the demodulators, a sweep generator is 
switched on, and immediately sweeps the VCO an addi- 
tional — 2.0 MHz from it’s out of lock nominal frequency. 

During this negative sweep, the PLL phase detector 
is switched off so phase lock cannot be obtained. The 
VCO is then swept positive from — 2.0 MHz to + 2.0 MHz 
of nominal with the phase detector switched on. The 
PLL will therefore lock to the first carrier it encounters. 
This in fact must be the vision carrier because the sound 
carrier is more negative than —2.0 MHz from nominal 
and the adjacent sound carrier is higher than the vision 
carrier. On achieving phase lock, the AFT clamp is 
released, the VCO offset is slowly removed, the sweep 
is inhibited and the phase detector remains enabled. 
With the AFT clamp removed, a large error voltage 
appears at the AFT output, driving the system back 
towards the correct frequency. Since the LO loop is slow 
and the VCO is fast, the IF changes slowly and the VCO 
tracks it, maintaining phase lock until the final static 
conditions are reached. For large frequency errors dur- 
ing this period the slew rate of the LO loop is increased, 


but not to the extent where it would cause any VCO 
tracking problems. This technique allows the acquisi- 
tion time of the circuit to be considerably shortened 
while still using a larger than normal time constant in 
the LO loop. To accommodate all types of tuners and 
LO’s, positive or negative LO drive can be selected 
externally by operation of the AFT switch. The AFT 
switch also has a third position which disconnects the 
drive to the tuner. Under this condition the TV set can 
be tuned in the normal manner and so appears to have 
a conventional type of AFT. Other PLL AFT systems can- 
not be manually tuned in this way having an abrupt 
capture characteristic when tuned, and because of this, 
have not gained general acceptance in industry. 


ALIGNMENT 

The alignment is very simple and inexpensive com- 
pared to other IF amplifier circuits, especially those 
using a PLL. With a CW input signal of correct picture 
carrier frequency, the LO side of the 22 k resistor in 
series with the loop is connected to a de supply. The dc 
supply (approximately 2.5 V) is adjusted until the output 
of the tuner is 45.75 MHz. The VCO coil is adjusted until 
lock is obtained and the voltage across the 22 k resistor 


FIGURE 6 — THE AFT SYSTEM IN ACTION 
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is zero. The dc supply is then removed. 

A digital AFT up/down output having a + 30 kHz dead 
zone is also provided by the circuit. Again, as in the case 
of the analog output, the digital output polarity can be 
controlled externally by the AFT switch. 


Note: 

Most pins on the IC have electrostatic protection 
diodes to Vcc and ground. It is therefore imperative 
that no pin is taken below ground or above Vcc by more 
than one diode drop without current limiting. 


FIGURE 7 — ALIGNMENT CONFIGURATION 
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TECHNICAL DATA 


PLL TUNING CIRCUIT WITH 1.3 GHz PRESCALER 


The MC44802 is a tuning circuit for TV applications. It contains, 
on one chip, all the functions required for PLL control of a VCO. 
This integrated circuit also contains a high frequency prescaler 
(which can be bypassed by software control) and thus can handle 


frequencies up to 1.3 GHz. 


The MC44802 is manufactured on a single silicon chip using 


Motorola’s high density bipolar, MOSAIC (Motorola Oxide Self 
Aligned Implanted Circuits) process. 


13 
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Complete Single Chip System for MPU Control (I2C Bus) 


Selectable Divide-by-8 Prescaler Accepts Frequencies 
up to 1.3 GHz 


15-Bit Programmable Divider Accepts Input Frequencies 
up to 165 MHz 


Programmable Reference Divider 

Tri-State Phase/Frequency Comparator 

Op Amp for Direct Tuning Voltage Output (33 V) 
Seven High Current Output Buffers (10 mA, 12 V) 


Output Options for 62.5 kHz, Reference Frequency and the 
Programmable Divider 


Software Compatible with MC44810 


SIMPLIFIED BLOCK DIAGRAM 
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MOSAIC is a trademark of Motorola Inc. 
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PLL TUNING CIRCUIT 
WITH 1.3 GHz PRESCALER 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707 


DW SUFFIX 
PLASTIC PACKAGE 
CASE 751D 
(SO-20L) 


PIN ASSIGNMENTS 
18 PIN DIP 


ORDERING INFORMATION 


Device 


Operating 
Temperature 


Range Package 


MC44802P 
MC44802DW 


18-Pin DIP 


20-Pin SOIC 


0°C to 70°C 
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MAXIMUM RATINGS (Ta = 25°C 


MC44802 


unless otherwise specified) 


Ratings 


| Power Supply Voltage Vcc} 
Band Buffer “OFF” Voltage 


Band Buffer “ON” Current 


L Op Amp Power Supply Voltage Vcc 


Op Amp Short Circuit Duration (0 to 


2 tens 
Vcca2) Continuous V 


Storage Temperature 


~65 to +150 


Operating Temperature Range 


Oto +70 
ba = 


ELECTRICAL CHARACTERISTICS (Vcc; = 5.0 V, Vcc2 = 32 V, Ta = 25°C unless otherwise specified) 


Characteristic ie Pin Min a Typ Max [unit | 
+ +. 
| Veer Supply Voltage Range 3 4.5 5.0 5.5 Vv 
+o 2 
Vcc1 Supply Current (Vcc, = 5.0 V) (Note 1) 3 —_ 60 90 mA 
Vcc2 Supply Voltage Range 2 25 30 35 Vv 
Vec2 Supply Current (Output Open) 2 —_ 0.8 2.0 mA 
Band Buffer Leakage Current When “OFF” at 12 V 7 to 13 Ce 0.01 1.0 vA 
Band Buffer Saturation Voltage When “ON” at 10 mA 7 to 13 —_ 0.6 1.0 Vv 
Data/Clock Current at 0 V 14, 15 —10 | = 0 pA 
Clock Current at 5.0 V 14 0 _ 1.0 BA 
—+ ie —- pal 
Data Current at 5.0 V Acknowledge “OFF” | 15 0 —_ 1.0 LA | 
Data Saturation Voltage at 15 mA Acknowledge “ON” 15 _ _— 1.0 Vv 
Data/Clock Input Voltage L Mie I 15 v | 
ata/Clock Input Voltage Low ' _ = ; 
9g dal vt 


Data/Clock Input Voltage High 


Op Amp Internal Reference Voltage 
Op Amp Input Current 
DC Open Loop Gain 


Gain Bandwidth Product (Ry = 10k, CL = 20 pF) 


Phase Margin (Ri = 10k, CL = 20 pF) = 
| Vout Low, Sinking 50 nA ; = 


Phase Detector Low-State Sink Current (@ 3.5 V) 17 2.0 
— 2.0 
18 -—15 


3.0 


mA 
Vv 
nA 


HF CHARACTERISTICS (See Figure 1b) 
HF In/Ref DC Bias 
HF Voltage Range Prescaler “OFF” 10-150 MHz 


HF Voltage Range Prescaler “ON” 50-950 MHz 


Vout High, Sourcing 50 HA, Vout — Vec2 1 —4.0 ~ 3.0 
Vcc1 Supply Ripple Rejection (See Figure 1a) 54 


; Vv 
— Vv 
45 dB 
a | ee 


HF Voltage Range Prescaler “ON” 950-1300 MHz 


NOTE 


1, When prescaler “’OFF,” typical supply current is decreased by 20 mA. 
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FIGURE 1a — RIPPLE REJECTION — MEASUREMENT SCHEMATIC 


22k 


+33 V 500m Vop 
F = 50 Hz 
T 5.0V 


Loop is locked on any channel ale 


FIGURE 1b — HF SENSITIVITY TEST CIRCUIT 


Bus 


5.0 V 


Counter 


Device is in test mode: R2 = 1, R3 = 0 (see Bus Section) 
sensitivity is level of HF generator on 50 ohms load — — 
(without MC44802 load). 
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PIN FUNCTION DESCRIPTION (See Figure 3a) 


_ Pin { Function | Description 
1 Out Operational amplifier output which provides the tuning voltage 
2 Vcc2 Operational amplifier positive supply 
3 Vcc1 Positive supply of the circuit (except op amp) 
: an: HF inputs from local oscillator 
6 Gnd Ground 

7,8,9, 10,11,12,13 | BO, BI)... B7 Band buffer output can drive up to 10 MA 

14 SCL Clock Input (supplied by the microprocessor via |2C Bus) 
15 SDA Data Input (I2C Bus) 
16 XTAL Crystal Input (Typ: 4.0 MHz) 
17 PHD Phase Comparator Output 

beets 18 In | Negative Operational Amplifier Input 


FIGURE 3a — PIN CIRCUIT SCHEMATIC FOR MC44802P 


47 nF 


350 28; 2.0 k 
©) 


Op Amp v 
49 Section cc} 
WD) 300 pA 


33 V 


All Sections 
Except Op Amp 
Lav 


20k $382k 1.5V 


Vcci 
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PIN FUNCTION DESCRIPTION FOR MC44802DW (See Figure 3b) 


Pin Function Description 
1 Out Operational amplifier output which provides the tuning voltage 
2 Vec2 Operational amplifier positive supply 
3 Vec1 Positive supply of the circuit (except op amp) 

4 HFin 
5 HF rof \ HF inputs from local oscillator 
6 Gnd Ground 
7 NC No Connection 
8,9, 10, 11, 12, 13, 14, 15 BO, B1.........B7 Band buffer output can drive up to 10 mA 

16 SCL Clock Input (supplied by the microprocessor via |2C Bus) 

17 SDA Data Input (I2C Bus) 

18 XTAL Crystal Input (Typ: 4.0 MHz) 

19 PHD Phase Comparator Output 
20 In Negative Operational Amplifier Input 

FIGURE 3b — PIN CIRCUIT SCHEMATIC FOR MC44802DW 
47 nF 
100 wT 
Tuning {| (Lz 
Voltage ] 


Op Amp Vec1 
33V @ 300 pA = a Ee wae 


1.0 k 
' 1.0k 
5.0 
—e— All Sections 
L__. Except Op Amp 
Vv ; 
14V 1 12 pF 
4.0 MHz 


cc 
1.0 nF 2.0 ks 82k 
HF in > | 
1.1mA 
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FUNCTIONAL DESCRIPTION 
A representative block diagram and a typical system of the features and function of each of the internal 
application are shown in Figures 4 and 5. A discussion blocks is given below. 


FIGURE 4 — BLOCK DIAGRAM (18 PIN) 


MHI 


12 V Nom 


Vec1 
5.0 V 


fi2{rifio} af sf 7] 
B7 B6 B5 B4 B2 B1 BO Ref. 
a [aswel] 


22k 


= ea 7 


Ss 
ae Receiver DAT, 


47 n 


100 n 
Tuning 
Voltage 


6 Preamp 2 


FIGURE 5 — TYPICAL TUNER APPLICATION 


External 
Switching 


Ee ES 
BO 81 B2 £B4B5B6B7 


Antenna Bandpass 
Filter Filter Mixer 


Ea Pacateig am 


ay 


Programmable 
Divider 


Phase 
Detector 


AGC 


*Pins 4 and 5 are equivalent 
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DATA FORMAT AND BUS RECEIVER 

The circuit receives the information for tuning and 
control via the I2C Bus. The incoming information, con- 
sisting of a chip address byte followed by two or four 
data bytes, is treated in the |2C Bus receiver. The defi- 
nition of the permissible bus protocol is shown below: 


1_STA CA CO BA_ STO 
2_STA CA FM FL STO 
3_STA CA CO BA FM FL STO 


Frequency information is preceeded by a Logic ‘’0." 
If the function bit is Logic “1” the two following bytes 
contain control and band information where the bits 
have the following functions: 
— Bit RO and R1 
Define the reference divider division ratio. 
Four ratios are available (see Table 1). 
— Bit R2 and R3 
Are used to switch internal signals to the buffer out- 
puts. Pin 10 and 11 (see Table 2). 
— Bit R2, R6 and T 
Are used to control the phase comparator output 
stage (see Table 3). 
— Bit P 
Switches the prescater in and out. At Logic ‘‘1" the 
prescaler is bypassed and the power supply of the 
prescaler is switched off. 


COMPLETE DATA TRANSFER PROCESS 


4_STA CA FM FL CO BA STO 
STA = Start Condition 
STO = Stop Condition 
CA = Chip Address Byte 
CO = Data Byte for Control Information 
FM = Data Byte for Frequency Information (MSBs} 
FL = Data Byte for Frequency Information (LSBs) 
BA = Band Information 
cr 


eA 


| JOUT Oo 


ioe ie i ee i a 


STA ADDRESS RAW ACK DATA 


CA 


Figure 6 shows the five bytes of information that are 
needed for circuit operation: there is the chip address, 
two bytes of contro] and band information and two 
bytes of frequency information. 

After the chip address, two or four data bytes may be 
received: if three data bytes are received the third data 
byte is ignored. 

If five or more data bytes are received the fifth and 
following data bytes are ingored and the last acknowl- 
edge pulse is sent at the end of the fourth data byte. 

The first and the third data bytes contain a function 
bit which allow the IC to distinguish between frequency 
information and control plus band information. 


FIGURE 6 — DEFINITION OF BYTES 


CA__Chip Address 1°41 0 0 0 0 1 +O ACK 


VME 


CO_ Information (1) Re T P R3 R2 R1 RO ACK 


BA__Band Info. 


Witt:’tttttttttttttttt 


FM_Frequency Info. (0) N14 N13 N12. N11N10 N9 NB ACK 
FL__Frequency Info. | N7 N6 N5 N4 N3 N2 N1 BO ACK 


B7 B6 BS B4 X B2 Bi BO ACK 


ACK DATA ACK STO 


TABLE 1 


Reference Divider 


Input Data 


Division Ratio 
2048 


TABLE 2 


Input Data Test Outputs on Buffers 
R2 R3 Pin 10 Pin 11 


Bit B4 has to be ‘“‘zero” when Pin 10 is used to output 
62.5 kHz. 

Bit 4 and B5 have to “zero” to output Fref and FBY2. 

FBY2 is the programmabie divider output frequency 
divided by two. 
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TABLE 3 

| —__Sent Pata __] Output State 

R2 R6 T of the Phase Comparator 
[ 0 0 0 Normal Operation 

0 0 1 Off (High Impedance) 

0 1 0 High 

0 1 1 Low 

1 0 0 Normal Operation 

1 0 1 Off 

1 1 0 Normal Operation 

1 1 1 Off 


THE BAND BUFFERS 
BA_Band information 


20 Pin Version 


| 87 B6 B5 B4 B3 B2 B1 BO ACK | 


18 Pin Version 


B7 B6 B5 B4 x B2 B1 BO ACK | 


The band buffers are open collector transistors and 
are active “‘low” at Bn 1. They are designed for 
10 mA with a typical on-resistance of 70 ohms. These 
buffers are designed to withstand relative high output 
voltage in the off-state. 

B4 and B5 buffers (Pins 10 and 11) may also be used 
to output internal IC signals (reference frequency and 
programmable divider output frequency divided by 2) 
for tests purposes. 

Buffer B4 may also be used to output a 62.5 kHz fre- 
quency for an intermediate stage of the reference 
divider. The bit B4 and/or B5 have to be zero if the 
buffers are used for these additional functions. 


THE PROGRAMMABLE DIVIDER 

The programmable divider is a presettable down 
counter. When it has counted to zero it takes its required 
division ratio out of the latches B. Latches B are loaded 
from tatches A by means of signal TDI which is syn- 
chronous to the programmable divider output signal. 

Since latches A receive the data asynchronously with 
the programmable divider, this double latch scheme is 
needed to assure correct data transfer to the counter. 


The division ratio definition is given by: 
N = 16384 x N14 + 8132 x N13 + +4xN2+2xNi + NO 


Max Ratio 32767 
Min Ratio 17 


Where NO.......N14 are the different bits for frequency 
information. 

The counter may be used for any ratio between 17 
and 32767 and reloads correctly as long as its output 
frequency does not exceed 1.0 MHz. 

The data transfer between latches A and B (signal TDI) 
is also initiated by any start condition on the JIC bus. 

At power-on the whole bus receiver is reset and the 
programmable divider is set to a counting ratio of N = 
256 or higher. 


THE PRESCALER 

The prescaler has a preamplifier which guarantees 
high input sensitivity. The prescaler may be bypassed 
(Bit P) and the signal then passes through preamp 2. 


THE PHASE COMPARATOR 

The phase comparator is phase and frequency sen- 
sitive and has very low output leakage current in the 
high impedance state. 


THE OPERATIONAL AMPLIFIER 

The operational amplifier is designed for very low 
noise, low input bias current and high power supply 
rejection. The positive input is biased internally. The op 
amp needs 31 V supply (Vcc2) as minimum voltage for 
a guaranteed maximum tuning voltage of 28 V. 

Figure 1 shows a possible filter arrangement. The 
component values depend very much on the application 
(tuner characteristic, reference frequency, etc.); 

As a starting point for optimization, the components 
values in Figure 1 may be used for 7.8125 kHz reference 
frequency in a multiband TV tuner. 


THE OSCILLATOR 

The oscillator uses a 4.0 MHz crystal tied to ground 
or Vcc1 through a capacitor, used in the series reso- 
nance mode. 

The voltage at Pin 16, “‘crystal,”” has low amplitude 
and low harmonic distortion. 


SYSTEM APPLICATION 
Table 4 is a summary of the circuit applications using 
a 4.0 MHz crystal. 


TABLE 4 
Soo = —[ > a 7 
With Internal Prescaler ig Without Internal Prescaler 
P=0 P=1 
Reference Reference Frequency Max. Input ] Frequency Max. Input 
input Data Divider Frequency Steps Frequency Steps Frequency 
R1 RO Div. Ratio Hz (1) kHz MHz kHz MHz a3 h 
fp ah 
0 0 2048 1953.125 15.625 512 1.953125 64 
0 1 1024 3906.25 31.25 1024 3.90625 128 
1 0 512 7812.5 62.5 1300(2) 7.8125 165(3) 
| 1 1 256 15625.0 125 1300(2) i 15.625 165(3) 
(1) With 4.0 MHz Crystal (2) Limit of Prescaler (3) Limit of Programmable Divider 
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= SEMICONDUCTOR xox TDA1524A 


TECHNICAL DATA 


STEREO TONE CONTROL 
STEREO TONE CONTROL 
The TDA1524<A is an active balance, volume, bass and treble SYSTEM 
control for use in car radios, stereo TV receivers and audio 
systems. Functions are controlled by four non-critical single SILICON MONOLITHIC 
potentiometers with excellent channel to channel tracking char- INTEGRATED CIRCUIT 


acteristics. Bass and treble contours are defined by a single 
capacitor per control per channel. Volume.control can be linear 
across the audio spectrum, or a loudness contour can be used. 


@ Low Noise 

@ Low Distortion 

@ High Signal Handling Capability 
e Wide Supply Range 

@ Popular Multi-Sourced Device 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707 


FIGURE 1 — BLOCK DIAGRAM AND TYPICAL APPLICATION 
2.2 pF 
+ 
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Right - 5 + 


Input 


Regulator 


2.2 wF 
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MAXIMUM RATINGS (Ta = + 25°C) 
pac Gactsh 


prone Supply Voltage 

Power Dissipation 
Derate above 25°C 

mee Temperature Range —40 to +85 

Storage Temperature Range —65 to +150 


DC CHARACTERISTICS (Ta = 25°C, circuit of Figure 2, SW1 at “contour on”, V1, Va, Vig, Vig = 1.9 V, unless otherwise 
noted) 


Rating 


Characteristic 


Supply Voltage, Vcc 


Supply Current 


DC input Level 


"ol 


DC Output Level 


saree 


Regulator Output Voltage 


al 


Regulator Output Voltage, SW1 in “‘Linear’’ Position 


FIGURE 2 — TEST CIRCUIT 


2 pF 2.2 uF 


3.0 k 


Linear 


Contour 
On 


TDA1524AP 


Treble 


Balance 


2.2 uF 


+ ¢ 0 Right 
Output 
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AC CHARACTERISTICS (Vcc = 8.5 Vdc, Ta = 25°C, circuit of Figure 2, contour switch (SW1) to “Linear” position, 
frequency 1.0 kHz, gains expressed as 20 log [voltage ratio] unless otherwise noted) 


Measure 
Characteristic Pin(s) 


Gain at Max Volume Control (Input = 50 mVrms) 
Distortion at 1.8 Vrms Output (Output signal handling) 
AC Input Resistance 

Output to Output Separation, One Input Driven (100 mVrms) 
Noise Output (20 Hz-20 kHz, Inputs are Grounded) 


Gain at Mid Volume, Left Channel 
(Input = 100 mVrms) 
Gain Difference Left to Right 


70 Hz Gain Difference Output to Output 
(Input = 100 mVrms) 
70 Hz Gain at Mid Bass Setting 
(Input = 100 mVrms) 
70 Hz Bass Control — Boost 
— Cut 


16 kHz Gain at Mid Treble Setting 
(Input = 100 mVrms) : 
16 kHz Gain Difference Output to Output 
16 kHz Treble Control — Boost 
— Cut 


Balance Control Range of Right Channel 

Balance Control Range of Left Channel 

Output Ripple (No Signal, 200 mVrms @ 
120 Hz Added to Vcc) 


1.0 kHz Gain (input = 1.8 Vrms) 


Noise Output (20 Hz-20 kHz, Inputs ac Grounded) 
Distortion (Input = 1.4 Vrms) 
Distortion (Input = 1.8 Vrms) 


1.0 kHz Gain (Input = 2.0 Vrms) 


(Input Signal Handling) 


Gain Difference Output to Output 
Contour Boost at 70 Hz 
(Contour Switch in “Contour On” Position) 


Adj* — means vary the control over the full range from V7 to 0. 


(All curves taken in the test circuit of Figure 2, Vcc = 8.5 Vdc, unless otherwise noted) 


FIGURE 3 — VOLUME CONTROL CHARACTERISTIC FIGURE 4 — BALANCE CONTROL CHARACTERISTIC 


VOLTAGE GAIN (dB 
VOLTAGE GAIN (dB) 


VOLUME CONTROL PIN 1 (Vdc) BALANCE CONTROL, PIN 16 (Vdc) 
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VOLTAGE GAIN (dB) 
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FIGURE 5 — BASS CONTROL CHARACTERISTIC 


Vec = 8.5 Vde 


0 1.0 2.0 3.0 4.0 
BASS CONTROL, PIN 9 (Vdc) 


FIGURE 7 — TOTAL HARMONIC DISTORTION 
versus FREQUENCY 


FREQUENCY (Hz) 


FIGURE 9 — TONE CONTROL RESPONSE WITH SINGLE POLE 


VOLTAGE GAIN (dB) 
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Ss 


LOW-PASS FILTER 
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FREQUENCY (Hz) 


VOLTAGE GAIN (dB) 
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FIGURE 6 — TREBLE CONTROL CHARACTERISTIC 


TREBLE CONTROL, PIN 10 (Vdc) 


FIGURE 8 — TOTAL HARMONIC DISTORTION versus OUTPUT 


VOLTAGE GAIN (dB) 


OUTPUT VOLTAGE (Vrms) 


FIGURE 10 — TONE CONTROL RESPONSE WITH DOUBLE 
POLE LOW-PASS FILTER 
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FIGURE 11 — SINGLE POLE LOW-PASS FILTER 


TDA1524AP 
6(13) 


2.2 uF | 


Fea! 


Recommended DC Feedback 
See Application Notes 


FIGURE 13 — VOLUME CONTROL RESPONSE WITH SINGLE 


VOLTAGE GAIN (dB) 


QUTPUT VOLTAGE (uVrms} 


POLE LOW-PASS FILTER 


FREQUENCY (Hz) 


FIGURE 15 — NOISE OUTPUT VOLTAGE 
(20 Hz to 20 kHz) 


VOLTAGE GAIN (dB) 


FIGURE 12 — DOUBLE POLE LOW-PASS FILTER 
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FIGURE 14 — VOLUME CONTROL RESPONSE WITH DOUBLE 
POLE LOW-PASS FILTER 
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APPLICATION NOTES 

The use of dc feedback stabilizes the dc output voltage 
at approximately Vcc/2 and assures large output swing 
capability without distortion. If this dc feedback is not 
used, the dc output will vary from part to part and avail- 
able headroom will be somewhat reduced. 

The loading of the regulator output, Pin 17 has an 
abrupt effect on switching the contour function and is 
not intended to be applied in any intermediate degree. 
The tests assure that the part is in linear mode for total 
loading of Pin 17 less than 3.0 kQ, and is in contour 
mode for a tota! load on Pin 17 greater than 10 kQ. 
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a SEMICONDUCTOR Eos TDA3190P 
TECHNICAL DATA 


EY SOUND SYSTEM TV SOUND SYSTEM 


The TDA3190P 4.2-watt sound system is designed for television SILICON MONOLITHIC 
and related applications. Functions performed by this device INTEGRATED CIRCUIT 
includes: IF Limiting, IF amplifier, low pass filter, FM detector, DC 
volume control, audio preamplifier, and audio power amplifier. 


® 4.2 Watts Output Power — TDA3190P 
(Vec = 24V, RL = 160) 

@ Linear Volume Control 

@ High AM Rejection 

@ Low Harmonic Distortion 

®@ High Sensitivity 


BLOCK DIAGRAM 
P SUFFIX 


PLASTIC PACKAGE 
CASE 648C 


Regulated 


Power Power 


Supply Amplifier 


PIN CONNECTIONS 


Low-Pass = FM 
Filter Detector 


IF Input 11 16/-] Deemphasis 


oc 
Volume 
Control 


Decoupling 2 15(7 Ripple Rejection 


Amplifier Decoupling (43 141] Supply Voltage 


= 
} Ground 


171.) Output 


10[7] Compensation 
DC Volume 
Control 
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MAXIMUM RATINGS 
Rating 


Supply Voltage Range 


Output Peak Current (Nonrepetitive) 
(Repetitive) 


Input Signal Voltage 


Operating Temperature Range 
id chicibrate 


Junction Temperature 


Characteristic 
Quiescent Output Voltage (Pin 11) 


Vcc = 24V 
Quiescent Drain Current 
(P1 = 22 kQ) Vcc = 24V 


Output Power 
(d = 10%, fp, = 400 Hz) 
Vec = 24V, RL = 169 
Vcc = 12 V, RL = 8.09 
(d = 2%, fm, = 400 Hz) 
Vec = 24V, RL = 160 
Vec = 12 V, RL = 8.00 


Input Limiting Threshold Volts (—3.0 dB) at Pin 1 
Af = +7.5 kHz, fp, = 400 Hz, set P1 for 2.0 Vrms on Pin 11 


Distortion 
(Po = 50 mW, fm = 400 Hz, Af = +7.5 kHz) 
Vcc = 24V, RL = 169 


Frequency Response of Audio Amplifier (— 3.0 dB) 
(RL = 16.0, C19 = 120 pF, C12 = 470 pF, Py = 22 kM) 
Re = 820 70 to 12 k 
R¢ = 470 70 to 7.0k 


Recovered Audio Voltage (Pin 16) 

(Vj = 1.0 mV, fm = 400 Hz, Af = +7.5 kHz, Py = 0) 
Amplitude Modulation Rejection 

(Vj = 1.0 mV, fr, = 400 Hz, m = 30%) 


Signal and Noise to Noise Ratio 
(Vj = 1.0 mV, Vo = 4.0 V, fm = 400 Hz) 


Input Resistance (Pin 1) 
(Vy = 1.0 mV) 


Input Capacitance (Pin 1) 
(Vj = 1.0 mV) 


DC Volume Control Attenuation 
(P1 = 12 kQ) 
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TEST CIRCUIT 


7 C12 c10 OVcec 


cg 
100 nF C14 
TD toouesss v 


c 
9.0 pF 470 pF 120 pF 


ci1 
1000 wF/16 V 


50 wF/16 V 


c4 
47 nF : 50 wF/16 V 


*RC = 75 us 


Regulated 
Power 
Supply 


Low-Pass P| FM 
Filter Detector 


Input ‘ 
O Ceramic 
Filter bc 
Amplifier Volume 


Centrol 
2] 


“27s ee 


~ 45 [12,13 
60 
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TECHNICAL DATA 


TV COLOR PROCESSOR 


These devices will accept a PAL or NTSC composite video signal 
and output the three color signals, needing only a simple driver 
amplifier to interface to the picture tube. The provision of high 
bandwidth on-screen display inputs makes them suitable for text 
display, TV games, cameras, etc. The TDA3301B differs from the 
TDA3303 in its user control laws, and also a phase shift control 
which operates in PAL, as well as NTSC. 


e@ Automatic Black Level Setup 

@ Beam Current Limiting 

@ Uses Inexpensive 4.43/3.58 MHz Crystal 

@ No Oscillator Adjustment Required 

@ Three OSD Inputs Plus Fast Blanking Input 
@ Four DC, High Impedance User Controls 

@ Interfaces with TDA3030B SECAM Adaptor 
® Single 12 V Supply 

@ Low Dissipation, Typically 600 mW 


TDA3301B 


TDA3303 


TV COLOR PROCESSOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711 


FN SUFFIX 
PLASTIC PACKAGE 
CASE 777 
(PLCC-44) 


FIGURE 1 — PIN ASSIGNMENT 


1 (1) 

2 (2) 

3 (3) 

4 (4) 

5 (5) 

6 (6) 

7 (10) 
8 (11) 
9 (12) 
10 (13) 
11 (14) 
12 (15) 
13 (16) 
14 (18) 
15 (19) 
16 (20) 
17 (21) 
18 (22) 
19 (23) 
20 (24) 


Chroma Input (44) 409 
ACC Capacitor 

Chroma DL Driver, Emitter 
Chroma DL Driver, Collector 
Saturation Control 
Identification Capacitor 

(38) 34.9) 
(37) 33 9 
(36) 32] 


V Input 

U Input 

90° Loop Capacitor 

Oscillator Loop Filter 

Crystal Drive 

Crystal Feedback 

Ground 

Biue Output 

Blue Output Clamp Capacitor 
Blue Output Feedback 

Green Output 

Green Output Clamp Capacitor 
Green Output Feedback 

Red Output 


*( ) PLCC Pin Assignment 


Hue Control/NTSC Switch 
+12V 


Ground 


1.0 V Composite Video Input 

Delayed Luma Input 

Luma DL Drive and 3.0 Inverted Output 
Luma Emitter Load 

Luma Collector Load 

Contrast Control 


Black Level Clamp 


Brightness Control 
Peak Beam Limit Adjust 


Frame Pulse Input 
Sandcastle Pulse Input 

OSD Input Green 

OSD Input Red 

OSD Input Blue 

OSD Input Fast Blanking 
Red Output Feedback 

Red Output Clamp Capacitor 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise stated) 
| Rating Tin 
| Supply Voltage | 
| Operating Temperature Range || 
[ Storage Temperature Range | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vcc = 12 V) 


Characteristic | Pin | Min | typ | Max | Unit 


Supply Voltage 
Supply Current 


Composite Video Input 
Video Input Resistance 
Video Gain to Pin 35 
Input Window 


Chroma Input (Burst) 
Input Resistance 
ACC Effectiveness 


OSD Input 24,25,26 0.5 0.7 1.0 Vv 
OSD Drive Impedance _— — 180 0) 
OSD Frequency Response (- 3.0 dB) 9.0 — _ MHz 
OSD Max Gain _— 7.2 —_ MHz 
Gain Difference Between Any Two _ _ 15 % 


Beam Current Ref. Threshoid 16,19,22 1.7 2.0 2.3 Vv 
Differential Voltage _ — 20 mV 
Beam Current Ref. Input Current _ — +1,5/—0.5) BA 
Differential Current —~ — 1.0 LA 
Luminance Gain Between Pin 36 and Outputs (depends on 

R33 and R3q) — 4.7 _— 
Luminance Bandwidth (—3.0 dB) 14,17,20 9.0 — — MHz 
Output Resistance 120 170 300 10} 
Residual Carrier (4.43 Mc/s) _ 30 150 mVp-p 
PAL Offset (H/2) _ — 50 mVp-p 
Difference in Gain Between Y Input and any RGB o/p — 5.0 —_ % 


U Input Sensitivity for 5.0 V Blue Output | 8] Ul 340 _— mVp-p 
Matrix Error Ce ee eee ee ee 
Oscillator Capture Range ee 
FURef Phaseewor—SSCSCSsSCSCSCSSSSdC 8 ere 
a 
| 


contrast Tracking OSDlumaiGivoma———SSCSCSC*~CS~idtCt | P| 
[asp cnabie Sice nel _—SSSCSC—~—“—SCS~SsSsSSCiSE if oP 


Sandcastle Slice Level 
Burst Gate 
Line Blanking 
R {input V27 > 7.0 V 
V27 < 7.0V 


Frame Slice Level 2.8 3.6 Vv 
R Input 15 _ kQ. 


Peak Beam Limiter Threshold 
(lag Min = 250 pA) 


| Pin 29 input Resistance | | C8 | ka 
Pa a 


Pin 29 Open Circuit Voltage 
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INPUT/OUTPUT FUNCTIONS 


+20 FIGURE 2 — BRILLIANCE CONTROL 


The brilliance control operates by adding a pedestal 
to the output signals. The amplitude of the pedestal is 
controlled by Pin 30. 


+ 
_ 
o 


During CRT beam current sampling a standard ped- 
estal is substituted, its value being equivalent to the 
value given by V39 Nom. Brightness at black level with 
V39 Nom is given by the sum of three gun currents at 
the sampling level, i.e. 3 x 20 nA with 100 k reference 
resistors on Pins 16, 19, and 22. 


OUTPUT CHANGE (VOLTS) 
2 
° 
= 


~1.0 During picture blanking the brilliance pedestal is zero; 
therefore the output voltage during blanking is always 
the minimum brilliance black level (Note: Signal chan- 


nels are also gain blanked). 


a 
io] 
isp] 
om 
zx 
Qa 
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TDA3303 


0 1.0 2.0 3.0 4.0 
BRILLIANCE CONTROL (VOLTS) V39 


FIGURE 3 — SATURATION CONTROL VOLTAGE FIGURE 4 — CONTRAST CONTROL 
V5 (VOLTS) V32 (VOLTS) 
0 1.0 2.0 3.0 4.0 5.0 0 1.0 2.0 3.0 4.0 5.0 
2.0 
-—10 4.0 
6.0 
$ ~ 20 8.0 
z 
o = 10 
E x} 
s —30 = 12 bs 
f 5 5 
E TDA3301B Bla g 
< _ 40 TDA3303 3 16 & 
F 
Ke 18 
—50 20 
22 
24 
Pin 5 is automatically pulled to ground with a mis- 
identified PAL signal. 
Note: Nominal 100% saturation point is given by Note: Pin 32 is pulled down by the operation of the 
choice of R2 which sets ACC operating point. peak beam limiter. 


MOTOROLA LINEAR/INTERFACE DEVICES 


9-171 


TDA3301B, TDA3303 


FIGURE 5 — BLOCK DIAGRAM 
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FIGURE 6 — HUE CONTROL 


BURST 
LEAD? (3.58 MHz) The hue control acts only during burst gating to give 
a + 40° phase shift between the burst and chrominance 
signal. 

On the TDA3303 Pin 40 is also used to select NTSC 
when Vag < 8.0 V and thus the control will operate only 
in this mode. 


50 


40 


30- 


B o- On the TDA3301B NTSC selection is independent of 
te Vago and the control can be operated in both NTSC and 
va PAL. 
© 10 
a 
WW 
v 
< 
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= 
e 20 
=) 
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CIRCUIT OPERATION 

CHROMINANCE DECODER SECTION FIGURE 7 — VOLTAGE CONTROLLED OSCILLATOR (VCO) 


The chrominance decoder section of the TDA3301B 
consists of the following blocks: 

Phase-locked reference oscillator — Figures 7, 8 and 9 

Phase-locked 90 degree servo loop — Figures 9 and 10 

U and V axis decoders 

ACC detector and identification detector — Figure 11 

Identification circuits and PAL bistable — Figure 12 CONTROL 

Color difference filters and matrixes with fast blanking 
circuits. 

The major design considerations apart from optimum 
performance were: 

—a minimum number of factory adjustments 

— a minimum number of external components 

— compatibility with the SECAM adapter TDA3030B 

— low dissipation 

— use of a standard 4.433618 MHz Crystal rather than 

a 2.0 fc Crystal with divider. BIAS = 


VOLTAGE cS 


VF 


REFERENCE REGENERATION 

The crystal VCO is of the phase shift variety in which 
the frequency is controlled by varying the phase of the 
feedback. A great deal of care was taken to ensure that 
the oscillator loop gain and the crystal loading imped- 
ance were held constant in order to ensure that the 
circuit functions well with low grade crystal (crystals 
having high magnitude spurious responses can cause 
bad phase jitter). It is also necessary to ensure that the 
gain at third harmonic is low enough to ensure absence 
of oscillation at this frequency. 
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By referring to Figures 7 and 8 it can be seen that the 
necessary + 45° phase shift is obtained by variable ad- 
dition of two currents ly and lp which are then fed into 
the load resistance of the crystal tuned circuit Rj. Feed- 
back is taken from the crystal load capacitance which 
gives a voltage VF lagging the crystal current by 90°. 

The RC network in T, collector causes |; to lag the 
collector current of T; by 46°. 

For SECAM operation the currents I, and lp are added 
together in a fixed ratio giving a frequency close to 
nominal. 


When decoding PAL there are two departures from 

normal chroma reference regeneration practice: 

a) The loop is locked to the burst entering from the 
PAL delay line matrix U channel and hence there 
is no alternating component. A small improvement 
in signal noise ratio is gained but more important 


is that the loop filter is not compromised by the 7.8 
kHz component normally required at this point for 
PAL identification. 

b) The H/2 switching of the oscillator phase is carried 
out before the phase detector. This implies any 
error signal from the phase detector is a signal at 
7.8 kHz and not dc. A commutator at the phase 
detector output also driven from the PAL bistable 
converts this ac signal to a dc prior to the loop 
filter. The purpose of this is that constant offsets 
in the phase detector are converted by the com- 
mutator to a signal at 7.8 kHz which is integrated 
to zero and does not give a phase error. 

When used for decoding NTSC the bistable is inhib- 
ited, and slightly less accurate phasing is achieved; 
however, as a hue control is used on NTSC this cannot 
be considered to be a serious disadvantage. 


FIGURE 9 — BLOCK DIAGRAM OF REFERENCE SECTION 


V Axis 


U 
Signal 
From 
PAL 
Delay Line 
Burst 
Gate 


90° REFERENCE GENERATION 

To generate the U axis reference a variable all-pass 
network is utilized in a servo loop. The output of the ail- 
pass network is compared with the oscillator output 
with a phase detector of which the output is filtered and 
corrects the operating point of the variable all-pass net- 
work (see Figure 10). 

As with the reference loop the oscillator signal is taken 
after the H/2 phase switch and a commutator inserted 
before the filter so that constant phase detector errors 
are cancelled. 


U Axis 


90° ¢ 
Shifter 


Filter 


For SECAM operation the loop filter is grounded caus- 
ing near zero phase shift so that the two synchronous 
detectors work in phase and not in quadrature. 


The use of a 4.4 MHz oscillator and a servo loop to 
generate the required 90° reference signal allows the 
use of a standard, high volume, low cost crystal and 
gives an extremely accurate 90° which may be easily 
switched to 0° for decoding AM SECAM generated by 
the TDA3030B adapter. 
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FIGURE 10 — VARIABLE ALL-PASS NETWORK 
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FIGURE 11 — ACC AND IDENTIFICATION DETECTORS 


To R-Y Filter To B-Y Filter 
7.0V 
4.0k z 4.0k i 4.0 k 4.0 k +12V 
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ACC AND IDENTIFICATION DETECTORS 

During burst gate time the output components of the 
U and also the V demodulators are steered into PNP 
emitters. One collector current of each PNP pair is mir- 
rored and balanced against its twin giving push-pull 
current sources for driving the ACC and the identifica- 
tion filter capacitors. 

The identification detector is given an internal offset 
by making the NPN current mirror emitter resistors un- 


equal. The resistors are offset by 5% such that the iden-. 


tification detector pulls up on its filter capacitor with 
zero signal. 


IDENTIFICATION 
See Figure 12 for definitions. 
Monochrome = 14>I2 
PAL ident. OK 14<Ig 
PAL ident. X = 14>I9 
NTSC I3>I9 


Only for correctly identified PAL signal is the capacitor 
voltage held low since lg is then greater than 1. 

For monochrome and incorrectly identified PAL sig- 
nals |4>I2 hence voltage Vc rises with each burst gate 
pulse. 

When Vref1 is exceeded by 0.7 V latch 1 is made 
conducting which increases rate of voltage rise on C. 
Maximum current is limited by Rj. 


When Vref 2 is exceeded by 0.7 V then latch 2 is made 
conducting until C is completely discharged and the 
current drops to a value insufficient to hold on latch 2. 

As latch 2 turns on latch 1 must turn off. 

Latch 2 turning on gives extra trigger pulse to bistable 
to correct identification. 

The inhibit line on latch 2 restricts latch 2 conduction 
to alternate lines as controlled by the bistable. This func- 
tion allows the SECAM switching line to inhibit the bi- 
stable operation by firing latch 2 in the correct phase 
for SECAM. For NTSC latch 2 is fired by current injected 
on Pin 6. 

If the voltage on C is greater than 1.4 V then the sat- 
uration is held down. Only for SECAM/NTSC with latch 
2 on or correctly identified PAL can the saturation con- 
trol be anywhere but minimum. 


NTSC SWITCH 

NTSC operation is selected when current (13) is in- 
jected into Pin 6. 

On the TDA3301B this current must be derived exter- 
nally by connecting Pin 6 to +12 V via a 27 k resistor 
(as on TDA3300B). 

On the TDA3303 I3 is supplied internally when Vago 
falls below 8.0 V; 

For normal PAL operation on both versions Pin 40 
should be connected to +12 V and Pin 6 to the filter 
capacitor. 


FIGURE 12 — IDENTIFICATION CIRCUIT 


NTSC " 
Switch i 
12V 
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SECAM Switching 
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VY lo ®& I-12 
i A_| 
a Saturation 
R2 Control 
O 05 
Vc 440 
; ‘ al 
10k —L ae 
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: Vref 1 
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TDA3301B Vref + Trigger 
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Inhibit 
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COLOR DIFFERENCE MATRIXING, COLOR KILLING, 
AND CHROMA BLANKING 

During picture time the two demodulators feed sim- 
ple RC filters with emitter follower outputs. Color killing 
and blanking is performed by lifting these outputs to a 
voltage above the maximum value that the color dif- 
ference signal could supply. 


The color difference matrixing is performed by 2 dif- 
ferential amplifiers each with one side split to give the 
correct values of the —(B-Y) and —(R-Y) signals. These 
are added to give the (G-Y) signal. 

The 3 color difference signals are then taken to the 
virtual earths of the video output stages together with 
luminance signal. 


FIGURE 13 — COLOR DIFFERENCE STAGES 
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SANDCASTLE SELECTION 


Ch) 


R 
af B-Y 
Cc 
R 
B-Y 
600 yA > 


The TDA3301B/3303 may be used with a two level 
sandcastle and a separate frame pulse to Pin 28, or with 
only a 3 level (super) sandcastle. In the latter case a 
resistor of 1 MQ is necessary from + 12 volts to Pin 28 
and a 470 pF capacitor from Pin 28 to ground. 
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FIGURE 14 — TIMING DIAGRAM 
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TIMING COUNTER FOR SAMPLE CONTROL 

In order to control the beam current sampling at the 
beginning of each frame scan two edge triggered flip- 
flops are used. 


The output A of the first flip-flop A is used to clock 
the second flip-flop B. Clocking of A by the burst gate 
is inhibited by a count of A.B. 


The count sequence can only by initiated by the trail- 


ing edge of the frame pulse. In order to provide control 
signals for: 

Luma/Chroma blanking, 

Beam current sampling, 

On-screen display blanking, 

Brilliance control. 

The appropriate flip-flop outputs are matrixed with 
sandcastle and frame signals by an emitter follower 
matrix. 


FIGURE 15 — TIMING COUNTER 


Frame 


Burst 
Gate 


ON-SCREEN DISPLAY INPUTS 

Each section of the OSD stages consists of a common 
emitter input stage feeding a diversion gate controlled 
by the contrast control. During burst gate time a feed- 
back loop is activated which clamps the signal at the 


input coupling capacitor. This ensures that the current 
in the diversion gate is zero at black level and makes 
the OSD black level insensitive to contrast control, also 
the inputs ignore signals below black, e.g. sync, pulses. 


FIGURE 16 — OSD STAGE 
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FIGURE 17 — VIDEO OUTPUT SECTION 


Each video output stage consists of a feedback am- A further drive current is used to control the dc op- 
plifier in which the input signal is a current drive to the erating point; this is derived from the sample and hold 
virtual earth from the luminance, color difference and stage which samples the beam current after frame 
on-screen display stages. flyback. 
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FIGURE 18 — COMPLETE VIDEO OUTPUT SECTIONS 
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FIGURE 19 — TYPICAL VIDEO OUTPUT STAGE 
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*Re is chosen to suit CRT characteristics, typically 120 k. aT 33 pF 


FIGURE 20 — CLASS A VIDEO OUTPUT STAGE WITH DIRECT FEEDBACK 
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FIGURE 21 — TYPICAL PAL APPLICATION 
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Note: When not using super sandcastle a positive 


vertical blanking pulse must be applied 
to Pin 28. 


MOTOROLA 


= SEMICONDUCTOR Sox TDA3330 
TECHNICAL DATA 


TV COLOR PROCESSOR 


TV COLOR PROCESSOR 


This device will accept a PAL or NTSC composite video signal 
and output the three color signals, needing only a simple driver 
amplifier to interface to the picture tube. 

Its simplified approach makes it particularly suitable for low 
cost CTV systems. 


No Oscillator Adjustment Required 

Four dc High Impedance User Controls 

Uses Inexpensive 4.43/3.58 MHz Crystals 
Interfaces With TDA3030B SECAM Adaptor 

Uses Horizontal Flyback or Super Sandcastle Pulse 
Single 12 V Supply 

Low Dissipation 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 724 


FIGURE 1 — PIN ASSIGNMENT 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise stated) 


Sc 
°C 


Rating 


14 
| oto+70 | | 
=65 to +150 


Supply Voltage 
Supply Current 
Composite Video Input 


Video Input Resistance 
On 
Off 


« 


on 


yp 


3 
au 


N 


Burst Gate 


Ze + 
5> 3 


Chroma Input (Burst) 100 200 mVp-p 
Input Resistance = ko 
ACC Effectiveness +1.5 dB 


Luminance Gain between Pin 17 and Outputs (Contrast max) 
Luminance Bandwidth (—3.0 dB) 12, 13, 14 
Output Resistance 
Residual Carrier (4.43 MHz) 
PAL Offset (H/2) 


U Input Sensitivity for 5.0 V Blue Output 


Matrix Error 


Contrast Tracking Luma/Chroma 12, 13, 14 


oO 
+ |x 


— aie 


Degrees 


Degrees 


Nh = 


Sandcastle Slice Level 


Burst Gate 

Line Blanking 

R Input V45 > 7.0 V kQ 
Vi5 < 7.0V kQ 


INPUT/OUTPUT FUNCTIONS 
FIGURE 3 — SATURATION CONTROL VOLTAGE 


FIGURE 2 — BRIGHTNESS CONTROL V2 (VOLTS) 
0 10 20 3.0 40 50 
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Pin 2 is automatically pulled to ground with a mis- 
2.0 identified PAL signal. 
0 1.0 2.0 3.0 4.0 Note: Nominal 100% saturation point is given by 


BRIGHTNESS CONTROL (VOLTS) Vig choice of Rpin 23 which sets ACC operating point. 
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FIGURE 4 — CONTRAST CONTROL BURST FIGURE 5 — HUE CONTROL 
V9 (VOLTS) ¢ LEAD? 
50 7 (3.58 MHz) 
a 40 
0 10 2.0 3.0 40 5.0 i 30 
<x 20 
a i 10 
= 10 Qa 
ra B 
2 < 10 
= = 20 
fi D 30 
30 
: 22 
40 BURST : ; ; 
$LAG? The hue control acts only during burst gating to give 
a + 40° phase shift between the burst and chrominance 
signal. 
Pin 21 is also used to select NTSC when V2) < 8.0 V 
and thus the control will operate only in this mode. 
NTSC selection means the PAL phase switching is 
turned off. Delay-line and filter switching must be im- 
plemented externally. 
FIGURE 6 — BLOCK DIAGRAM 
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CIRCUIT OPERATION 


CHROMINANCE DECODER SECTION 
The chrominance decoder section of the TDA3330 
consists of the following blocks: 
Phase-locked reference oscillator — Figures 7, 8 and 9 
Phase-locked 90 degree servo loop — Figures 9 and 10 
U and V axis decoders 
ACC detector and identification detector — Figure 11 
Identification circuits and PAL bistable — Figure 12 
Color difference filters and matrixes with fast blanking 
circuits. 
The major design considerations apart from optimum 
performance were: 
— aminimum number of factory adjustments 
a minimum number of external components 
compatibility with the SECAM adapter TDA3030B 
low dissipation 
use of a standard 4.433618 MHz crystal rather than 
a 2.0 fc crystal with divider, (or standard 3.579545 
Mhz for NTSC). 


REFERENCE REGENERATION 

The crystal VCO is of the phase shift variety in which 
the frequency is controlled by varying the phase of the 
feedback. Much care was taken to ensure that the os- 
cillator loop gain and the crystal loading impedance 
were held constant in order to ensure that the circuit 
functions well with low grade crystals ( crystals having 
high magnitude spurious responses can cause bad 
phase jitter). It is also necessary to ensure that the gain 
at third harmonic is low enough to ensure absence of 
oscillation at this frequency. 

By referring to Figures 7 and 8 it can be seen that the 
necessary + 45° phase shift is obtained by variable ad- 
dition of two currents |q and |2 which are then fed into 
the load resistance of the crystal tuned circuit Rj. Feed- 
back is taken from the crystal load capacitance which 
gives a voltage VF lagging the crystal current by 90°. 

The RC network in Q1 collector causes I to lag the 
collector current of Q1 by 45°. 

For SECAM operation the currents 11 and Ig are added 
together in a fixed ratio giving a frequency close to 
nominal. 

When decoding PAL there are two departures from 
normal chroma reference regeneration practice: 


a) The loop is locked to the burst entering from the 
PAL delay line matrix U channel and hence there 
is no alternating component. Asmall improvement 
in signal noise ratio is gained but more important 
is that the loop filter is not compromised by the 
7.8 kHz component normally required at this point 
for PAL identification. 


FIGURE 7 — VOLTAGE CONTROLLED OSCILLATOR (VCO) 


FIGURE 8 — VECTOR DIAGRAM FOR VCO 


b 


— 


The H/2 switching of the oscillator phase is carried 
out before the phase detector. This implies any 
error signal from the phase detector is a signal at 
7.8 kHz and not DC. A commutator at the phase 
detector output also driven from the PAL bistable 
converts this AC signal to a DC prior to the loop 
filter. The purpose of this is that constant offsets 
in the phase detector are converted by the com- 
mutator to a signal at 7.8 kHz which is integrated 
to zero and does not give a phase error. 

When used for decoding NTSC the bistable is inhib- 
ited, and slightly less accurate phasing is achieved; 
however, as a hue control is used on NTSC this cannot 
be considered to be serious disadvantage. 
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90° REFERENCE GENERATION 

To generate the U axis reference a variable all-pass 
network is utilized in a servo loop. The output of the all- 
pass network is compared with the oscillator output 
with a phase detector of which the output is filtered and 
corrects the operating point of the variable all-pass net- 
work. (See Figure 10.) 

As with the reference loop the oscillator signal is taken 
after the H/2 phase switch and a commutator inserted 
before the filter so that constant phase detector errors 
are cancelled. 

For SECAM operation with TDA3030B the loop filter 
is grounded causing near zero phase shift so that the 
two synchronous detectors work in phase and not in 
quadrature. 

The use of a 4.4 MHz oscillator and a servo-.loop to 
generate the required 90° reference signal allows the 
use of a standard, high volume, low cost crystal and 
gives an extremely accurate 90° which may be easily 
switched to 0° for decoding AM SECAM generated by 
the TDA3030B adapter. 


FIGURE 9 — BLOCK DIAGRAM OF REFERENCE SECTION 
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ACC AND IDENTIFICATION DETECTORS 

During burst gate time the output components of the 
U and also the V demodulators are steered into PNP 
emitters. One collector current of each PNP pair is mir- 
rored and balanced against its twin giving push pull 
current sources for driving the ACC and the identifica- 
tion filter capacitors. 

The identification detector is given an internal offset 
by making the NPN current mirror emitter resistors un- 
equal. The resistors are offset by 5% such that the iden- 
tification detector pulls up on its filter capacitor with 
zero signal. 


Fi 


Control 


4.43 MHz 
From Osc. 


IDENTIFICATION 
See Figure 12 for definitions. 
Monochrome Iq > I2 
PAL ident. OK 14 < Ig 
PAL ident. X 14 > Ig 
NTSC Ig > lg 


Only for correctly identified PAL signal is the capacitor 
voltage held low since Ig is then greater than 14. 


FIGURE 10 — VARIABLE ALL-PASS NETWORK 
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SECAM 
Switching 


For monochrome and incorrectly identified PAL sig- 
nals ly > lg hence voltage Vc rises with each burst gate 
pulse. 

When Vre¢i is exceeded by 0.7 V latch 1 is made 
conducting which increases rate of voltage rise on C. 
Maximum current is limited by R4. 

When Vref2 is exceeded by 0.7 V then latch 2 is made 
conducting until C is completely discharged and the 
current drops to a value insufficient to hold on latch 2. 

As latch 2 turns on latch 1 must turn off. 

Latch 2 turning on gives extra trigger pulse to bistable 
to correct identification. 

The inhibit line on latch 2 restricts latch 2 conduction 
to alternate lines as controlled by the bistable. This func- 
tion allows the SECAM switching line to inhibit the bist- 
able operation by firing latch 2 in the correct phase for 
SECAM. For NTSC latch 2 is fired by current (13) injected 
into Pin 3 by the NTSC switch. This is supplied internally 
when V7 falls below 8.0 V. 

If the voltage on C is greater than 1.4 V then the sat- 
uration is held down. Only for SECAM/NTSC with latch 
2 on or correctly identified PAL can the saturation con- 
trol be anywhere but minimum. 
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FIGURE 11 — ACC AND IDENTIFICATION DETECTORS 
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Filter 


To B-Y Filter 


Burst 

7 Gate 
ACC 
Filter 

FIGURE 12 — IDENTIFICATION CIRCUIT 
SECAM Switching 
Line 
Saturation 


Latch 2 
Inhibit 


COLOR DIFFERENCE MATRIXING, COLOR KILLING, 
AND CHROMA BLANKING 

During picture time the two demodulators feed sim- 
ple RC filters with emitter follower outputs. Color killing 
and blanking is performed by lifting these outputs to a 
voltage above the maximum value that the color dif- 
ference signal could supply. 


Control 
02 


The color difference matrixing is performed by 2 dif- 
ferential amplifiers each with one side split to give the 
correct values of the —(B-Y) and —(R-Y) signals. These 
are added to give the (G-Y) signal. 

The 3 color difference signals are then taken to the 
virtual earths of the video output stages together with 
juminance signal. 
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TDA3330 


FIGURE 13 — COLOR DIFFERENCE STAGES 


Color Kill 
and 
Blanking 


SANDCASTLE SECTION Pin 16. This input is used to inhibit the burst gate. This 

The input signal is sliced at 2 levels, 1.5 V and 7.2 V. is used if a true Sandcastle is not available; in this case 
Above 1.5 V is used for blanking, above 7.2 V for burst horizontal flyback may be used instead and differen- 
gating provided level on Pin 16 is below 0.7 V. If a normal tiated flyback applied to the 4f pin (input resistance 
Sandcastle is used, it is recommended to ground the 1.0 kQ). dt 


FIGURE 14 — DC REFERENCE AND BLANKING SECTION 


The DC Reference and Blanking section is used to bias 

the Video output stages. The temperature coefficient is 

DC Reference arranged to be a Vpe¢ drift less than the Red, Green and 
and Blanking O/P Blue outputs. 


Blanking From 
Sandcastle 
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TDA3330 


FIGURE 15 — TYPICAL PAL APPLICATION 


+12V 
Contrast 
Brightness 
1.0V 4.43 MHz Trap 
Positive 
Video 10 wH R 
‘0 
15k T Ro 
47 pF 120 pF = 4 Horiz. Flyback 
1 
47 pF e J l 
47 wH R2 
Vert. Flyback 
+250 V 
1.0 k 
Blue 
Saturation 44k Cathode 
Other Output 
Stages 
FIGURE 16 — TYPICAL NTSC APPLICATION 
+12V 
400 ns Contrast 
Delay Brightness 
1.0 Vp-p 3.58 MHz Trap Line Hue 
Positive a fy 
Video 10 4! Ro ue. 
15k 1 Ro !\ 
200 pF + = Horiz. Flyback or Blanking Pulse 
1.0 R2 
k Vert. Flyback or Blanking Pulse 
+250 V 
1.0 k 


Blue 


Saturation 44k Cathode 


100 pF =—-:100 pF 


Other Output 


Stages 
Ro — Should follow the Delay Line manufacturer's 
recommendations. 
Ri — Should be selected to give approximately 10-12 R2 — Should be selected to give approximately 4.0 to 
V pulse at Pin 15 (approximately 5.0 k internal 5.0 V pulse at Pin 15 (approximately 10 k internal 


resistance). resistance). 
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In Brief... 


Motorola Linear has established itself as the leader 
in custom bipolar integrated circuits in the American 
and European automotive markets. These products are 
key elements in the rapidly growing engine control and 
body electronics portions of modern automobiles. 
Today, based on this new technology, Motorola offers 
a wide array of standard products to serve the broad 
base of manufacturers who support this industry. These 
products range from rugged high current “smart” fuel 
injector drivers which control and protect the fuel man- 
agement system, through the rigors of the underhood 
environment, to the latest in BIMOS switches and series 
transient protectors. Several devices are targeted to 
support microprocessor housekeeping and data line 
protection. A wide range of packaging is available, from 
die and SOICs for high density layouts, to low thermal 
resistance multi-pin, single-in-line types for high power 
control ICs. 


Automotive 
Electronic Circuits 


Selector Guide 
Voltage Regulators............... 
Electronic Ignition ............... 
Special Functions................ 


Alphanumeric Index................ 


Data Sheets ............202ccceuues 


Automotive 
Electronic Circuits 


Voltage Regulators 


Designed for use with NPN Darlington, Overvoltage Protection; MC3325 
“Open Sense’ Shut Down; Selectable Temperature Coefficient for 
Use in a Floating Field Alternator Charging System | 


Automotive Voltage Regulator 


Low Dropout Voltage Regulator Positive fixed and adjustable output voltage regulators which 2/29, LM2931,C 
maintain regulation with very low input to output voltage T/221A, 
differential. T/314D 


LM2935 


Positive low voltage differential regulator which features dual 5 V T/314D 
outputs, with currents in excess of 750 mA and 10 mA standby, 


and a low quiescent current of 3 mA or less. 


Electronic Ignition 


Electronic Ignition Circuit Designed for Use in High Energy Variable Dwell Electronic Ignition P/626, 
Systems with Variable Reluctance Sensors. Dwel! and Spark Energy D/751 
are Externally Adjustable 


Low Dropout Dual Regulator 


MC3334 


MCCF3334 


Flip-Chip Electronic Same as MC3334 — Mirror Image Die for Inverted “Bumped” — 


Ignition Circuit Mounting to Substrate 


Special Functions 


Power Driver for Automotive Fuel Injection Systems, $/314D 


Reduced Hold Current MC3484S2 — 2 Amps 
MC3484S4 — 4 Amps 


Transient Suppressor Series Transient, opens circuit to protect T/314D MC3397T 

High Side Driver Switch Drives loads from positive side of power supply and protects T/314D MC3399T 
against high-voltage transients. 

Automotive Direction Indicator Detects defective lamps and protects against overvoltage and P/626 UAA1041 
short circuit hazards. 


Peripheral Clamping Array Protects up to six MPU 1/O lines against voltage transients. TCF6000 


Injector Driver 
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SPECIAL FUNCTIONS (continued) 


Automotive High-Side Driver Switch 
MC3399T — Ty = — 40° to + 150°C, Case 314D 


Igntton Output® 


Transient 
Generator 


The MC3399T is a High-Side Driver Switch that is 
designed to drive loads from the positive side of the 
power supply. The output is controlled by a TTL com- 
patible Enable pin. In the ON state, the device exhibits 
very low saturation voltages for ioad currents in excess 
of 750 mA. The device also protects the load from positive 
or negative going high voltage transients by becoming 


an open circuit and isolating the transient for its duration NOTE: 
from t E “Depending on Load Current and Transient Duration, an Output Capacitor 
ne load (C¢) of sufficient value may be used to hold up Output Voltage during the 
Transient, and absorb Turn-off Delay Voltage Overshoot 


Universal Microprocessor Power Supply 
Controller 


TCA5600 — Ta = —40° to +85°C, Case 707 


Converter 
tnput 
Regulator 
Output Vous2 


+ 


. . . . + . 10 
This device is a versatile power supply control circuit 


for microprocessor based systems and mainly intended uta 2 
for automotive applications and battery powered instru- 
ments. To cover a wide range of applications, the device Hi aE ENP oe 
offers high circuit flexibility with minimum of external 7 
components. woneee ees ev shunaoern 
Functions included in this IC are a temperature com- t 
pensated voltage reference, on-chip dc dc converter, pro- RESET 
grammable and remote controlled voltage regulator, 
fixed 5.0 V supply voltage regulator with external PNP 
power device, undervoltage detection circuit, power-on 
RESET delay and watchdog feature for orderly micropro- 
cessor operations. 


2 
Vout) Sense 


Delay Circuit Watchdog 


‘ary 
Voltage jt 
Gna ra 


Reference (Vr9¢) 


Watcha 
Watchdog 
Input (WOW Te 


Select (Wi 


Automotive Direction Indicator 
UAA1041,D — Ta = —40° to + 100°C, Case 626, 751 


... designed for use in conjunction with a relay in auto- 
motive applications. itis also applicable for other warning 
lamps like “handbrake on”’ etc. 


Li: 1.2 W warning light-nandbrake ON 
RY = 75k 


@ Defective Lamp Detection RS 2 2000 
@ Overvoltage Protection 12, 3, Lé, U8: 21 W, turn signals 
. . . Rs = WmNn 
@ Short Circuit Detection and Relay Shutdown to Prevent ci : Set : 
Risk of Fire a taal 
@ Reverse Battery Connection Protection @) >" 
@ integrated Suppression Clamp Diode 2 
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SPECIAL FUNCTIONS (continued) 


Peripheral 
Clamping Array 


TCF6000D — Ta = —40° to +85°C, Case 751 


... designed to protect input/output lines of micropro- 
cessor systems against voltage transients. 


@ Optimized for HMOS System 
@ Minimal Component Count 


Each Ceti 


Digital { 
@ Low Board Space Requirement es | 


@ No P.C.B. Track Crossovers Required 


Computer 


® Other Applications Include Industrial, Telecommuni- 


cations and Consumer Goods oe 
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AUTOMOTIVE ELECTRONIC CIRCUITS 


VOLTAGE REGULATORS 


Device 


LM2931 Series 
MC3325 


Function Page 
Low Dropout Voltage Regulator .......... 0... cece ee ee See Chapter 3 
Automotive Voltage Regulator ....... 0.0... cece ee eet teens 10-6 


ELECTRONIC IGNITION 


Device 
MC3334P 
MCC3334 
MCCF3334 


Function Page 
High Energy ignition Circuit 2..cs0 ese xies a chee acee beeen ede ewww nee ee 10-10 
High Energy Ignition Circuit 2.0... 0.0.0. cece eee ene 10-10 
igh Energy Ignition Circuit 2.4 ss 6cie cabo eee eee dS SER eed oe Ry aes 10-10 


SPECIAL FUNCTIONS 


Device 


MC3397T 
MC3399T 
MC3484S2-2 
MC3484S4-2 
TCA5600/TCF5600 
TCF6000 
UAA1041 


Function Page 
Transient SUPPIeSSOP 2 c4ciees eee ees Sh Lae oe a ee neeG Eg AS ene ee 10-14 
Automotive High Side Driver Switch .......... 0... c cee eee 10-18 
Integrated: Solenoid ‘Driver nus. 6a Goad rate n twa 6 iene au waren anes 10-21 
Integrated Solenoid Driver. ics... eee ee hae dee bw ewes Ske We a eae eos 10-21 
Universal Microprocessor Power Supply Controller ............... See Chapter 3 
Peripheral Clamping Array si. 62 iccdeeec news deta eka ew whew Seed oe Raa eure 10-27 
Automotive Direction Indicator ........ 0... ccc eee eee eens 10-31 
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MOTOROLA 


= SEMICONDUCTOR oy MC3325 
TECHNICAL DATA 


AUTOMOTIVE 


VOLTAGE REGULATOR 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


AUTOMOTIVE VOLTAGE REGULATOR 


. designed for use in conjunction with an NPN Darlington transis- 
tor ina floating field alternator charging system. 


® Overvoltage Protection 
@ Shut-Down on Loss of Battery Sense 


®@ Selectable Temperature Coefficient 


@ Available in Chip Form for Hybrid Assembly 


P SUFFIX 


PLASTIC PACKAGE 
CASE 646 


PIN CONNECTIONS 


CIRCUIT SCHEMATIC 


Adjust 


Over Voltage 
Sense 


Battery Sense 
Loss Detect 


Battery Sense | 9 | Feedback 


Battery Sense Diode TC 
Adjust 


ORDERING INFORMATION 


ee, Temperate ange, Poe Temperature Range rete. | 
ee, Temperate ange, Poe —40 to +85°C Plastic | 
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MC3325 


MAXIMUM RATINGS 


Current Into Pin 4 
Current Into Pin 2 


Current Into Pin 8 
Current Into Pin 9 


Operating Temperature Range 
Storage Temperature Range -65 to +150 9 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise specified.) 


Characteristic 


Diode TC Adjust: Threshold Voltage on Pin 8 
(Figure 1) 

Battery Sense: Threshold Voltage on Pin 5 
(Figure 1) 


Battery Sense: Threshoid Voltage on Pin 6 
(Figure 1} 


Battery Sense: Threshold Voltage on Pin 7 
(Figure 1) 


Battery Sense Loss Detect: Threshold Current Into Pin 4 
(Figure 2) 


Vg 7.9 
V5 
eae! 
Battery Sense Loss Detect: Threshold Voltage at Pin 4 1.3 
(lq < 400 wA, Figure 2) 


Overvoltage Sense: Threshold Current Into Pin 3 
(Figure 2) 

Overvoltage Sense: Threshold Voltage at Pin 3 
(1g < 400 vA, Figure 2) 

Output Drive Adjust: Voltage Drop from Pin 2 to Pin 10 
(1g = 10 mA, Figure 3) 

Low State Output Voltage at Pin 10 

(lg = 12 mA, lp = 120 mA, Figure 4) 
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MC3325 


TEST CIRCUITS 


FIGURE 1 FIGURE 2 


FIGURE 3 - FIGURE 4 
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R1 


RS 


R4 


R3 


MC3325 


FIGURE 5 — APPLICATION CIRCUIT 


To To 
Battery Diode Trio 


tq 


D1 
1N4003 


Power Darlington 


To 
Alternator 
Field 


Ground 


*Note: The temperature coefficient of the battery voltage sense terminal is determined by the number of diodes used in 


the diode string {i.e., whether Pin 5, 6, or 7 is used). 


The approximate temperature coefficient for a diode at 1.0 mA is 


-2.0 mv/°C, and for a zener diode it is +3.0 mV/°C. Counting from ground (see circuit schematic) we have -2,0 mV for 
Q5, -2.0 mV for Q4, +3.0 mV for 21, -8.0 mV for D5 thru D8, and an additional -2.0 mV each for D9 and D10 if used. 
The total temperature coefficient can be varied from approximately -9.0 mv/°C to -13 mVv/°C depending on the number 


of the diodes in the diode string that are utilized. 


APPLICATIONS CIRCUIT INFORMATION 
(See Figure 5) 


, 


Determines the temperature coefficient by setting 
the value of current in the diode string. As the 
value of R1 decreases, so does the effective TC. 
Ri should be chosen so that the current in the 
diode string is between 0.5 mA and 1.0 mA. 


This resistor determines the Veg voltage as de- 
fined by the following equation: 


R5 R5 
Vreg = (1+ Ri 8.4 + (n + BK) (0.7) 
n = number of diodes used in diode string 
(4<n <6) 
Used as a current limiting resistor on Pin 4 in case 
of an open battery voltage sense lead. 


Used as a current limiting resistor on Pin 3 in case 
of overvoltage at the diode trio. Voltage at Pin 3 
will run approximately 7.5 volts. R3 should be cho- 
sen so that the current (I3) at maximum over- 


R2 


R6 


R7 


C1, 
C2 


voltage is between 2.0 mA and 6.0 mA. 


This resistor determines the output drive current. 

Refer to specifications for the darlington driver 

and select the value for R2 that will provide 

enough drive to the output when the diode trio 

voltage is at a minimum. 

~ Vmin — 2.8 V 

~ R2+ 500 

This resistor in conjunction with R3 is used to set 

the threshold of overvoltage action. 

R3 + RE 
R6 


Used for compensation 
(Approximately 3.0 kQ) 


Used for compensation 
(Approximately 0.01 4F) 


IDrive 


Threshold = (7.5) 
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MOTOROLA 


m2 SEMICONDUCTOR sox 


TECHNICAL DATA 


HIGH ENERGY IGNITION CIRCUIT 


... designed to use the signal from a reluctor type ignition pickup 
to produce a well controlled output from a power Darlington out- 


put transistor. 
@ Very Low Peripheral Component Count 
No Critical System Resistors 


Overvoltage Shutdown (30 V) 


Energy Without Waste 

Externally Adjustable Peak Current 

@ Available in Chip and Flip Chip Form 

@ Transient Protected Inputs and Outputs 


MAXIMUM RATINGS 
Rating 


Power Supply Voltage — Steady State 
Transient 300 ms or less 


Storage Temperature Range 


Power Dissipation, Package 
Derate above 25°C 


4 
i) 
a 


Reluctor 


recccccc 


*Optional Parts for 
Extended Transient CpWELL 
Protection 0.1 


**A 350 V zener clamp is required 
when using the standard MJ10012. 
This clamp is not required if a 
selected version with V CEQ(sus) = 550 V 
is used. 


Wide Supply Voltage Operating Range (4.0-24 V) 


MC3334P 
MCC3334 
MCCF3334 


HIGH ENERGY 
IGNITION CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


ORDERING INFORMATION 
Temperature 
Range Package 
| Mc3334P | Plastic DIP 
Flip-Chip 


MC3334P 
MCC3334 —40 to +125 
MCCF3334 


Dwell Automatically Adjusts To Produce Optimum Stored 


FIGURE 1 — BLOCK DIAGRAM AND TYPICAL APPLICATION 
VBATT 
RBATT 4-24 Vde 
300 
Ignition 
Coil 
: = Primary 
8.0 mH 
Power 
B : Output er 
ane OUT J10012 | 
OVP ‘ k 
= = 
Current ~ 
og 8 
ae Reference Limit 
Buffer Sense Ir 
Rp2 Rs 
i 100 0.075 
Sense 1__ Powe 
Ground 
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MC3334P, MCC3334, MCCF3334 


ELECTRICAL CHARACTERISTICS (Ta = -40 to +125°C, Vgatt = 13.2 Vae, circuit of Figure 1, unless noted) 


Characteristic Symbol Min Typ Max Unit 
Internal Supply Voltage, Pin 6 Vec Vde 
VBATT = 4.0 Vdc _ 3.5 — 
8.0 Vdc —_ 7.2 — 
12.0 _ 10.4 — 
14.0 _ 11.8 —_ 
Ignition Coil Current Peak, Cranking RPM 2.0 - 27 Hz lo(pk) | A pk 
VBATT = 4.0 Vde 3.0 3.4 = 
6.0 40 5.2 —_ 
8.0 4.6 5.3 — 
10.0 5.1 5.4 _ 
Ignition Coil Current Peak, Normal RPM lo(pk) A pk 
Freq. = 33 Hz 5.1 5.5 ~ 
133 Hz 5.1 5.5 _ 
200 Hz 4.2 54 _— 
267 Hz 3.4 44 _— 
333 Hz 2.7 3.4 — 
Ignition Coil On-Time, Norma! RPM Range ton ms 
Freq. = 33 Hz _ 7.5 14.0 
133 Hz _ 5.0 5.9 
200 Hz _ 4.0 46 
267 Hz _ 3.0 3.6 
333 Hz _ 2.3 2.8 
Shutdown Voltage VBATT 
Input Threshold (Static Test) Vs2-Vs1 
Turn-on 
Turn-off 
Input Threshold Hysteresis Vs2-Vs1 


Input Threshold (Active Operation) Vs2 
Turn-on 
Turn-off 


Totat Circuit Lag from tg (Figure 1) until Ignition Coil Current 
Falls to 10% 


Ignition Coil Current Fall Time (90%-10%) 


Saturation Voltage |.C. Output (Pin 7) (Rorive = 100 2) VcE(sat) 
VBATT = 10 Vde 
30 Vdc 
50 Vdc 


Current Limit Reference, Pin 8 Vref 120 160 190 mVdc 


FIGURE 2 — IGNITION COIL CURRENT versus FREQUENCY/PERIOD 


VBATT = 13.2 Vde 


VBaTT- 1.5 V 
Slope = ———-—_——_ 
y 
' I I I ' ' ' 
333 200 133 100 70 50 33 Freq (Hz) 
re) 5 10 15 20 25 30 ms 
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MC3334P, MCC3334, MCCF3334 


The MC3334 high energy ignition circuit was de- 
signed to serve aftermarket Delco five terminal ignition 
applications. This device, driving a high voltage Dar- 
lington transistor, offers an ignition system which op- 
timizes spark energy at minimum power dissipation. 
The IC is pinned out to permit thick film or printed circuit 
module design without any crossovers. 


CIRCUIT DESCRIPTION 

The basic function of an ignition circuit is to permit 
build-up of current in the primary of a spark coil, and 
then to interrupt the flow at the proper firing time. The 
resulting flyback action in the ignition coil induces the 
required high secondary voltage needed for the spark. 
In the simplest systems, fixed dwell angle produces a 
fixed duty cycle, which can result in too little stored 
energy at high RPM, and/or wasted power at low RPM. 
The MC3334 uses a variable dc voltage reference, stored 
on CowWELL, and buffered to the bottom end of the 
reluctor pickup (S1) to vary the duty cycle at the spark 
coil. At high RPM, the MC3334 holds the output ‘‘off”’ 
for approximately 1.0 ms to permit full energy discharge 
from the previous spark; then it switches the output 
Darlington transistor into full saturation. The current 
ramps up at a slope dictated by VgaTT and the coil L. 
At very high RPM the peak current may be less than 
desired, but it is limited by the coil itself. 

As the RPM decreases, the ignition coil current builds 
up and would be limited only by series resistance 
losses. The MC3334 provides adjustable peak current 
regulation sensed by Rs and set by Rp7, in this case at 
5.5 A, as shown in Figure 2. As the RPM decreases 
further, the coil current is held at 5.5 A for a short period. 
This provides a reserve for sudden acceleration, when 
discharge may suddenly occur earlier than expected. 
The peak hold period is about 20% at medium RPM, 
decreasing to about 10% at very low RPM. (Note: 333 
Hz = 5000 RPM for an eight cylinder four stroke engine.) 
At lower VgaTrT, the ‘‘on” period automatically 
stretches to accommodate the slower current build-up. 
At very low VgatT and low RPM, a common condition 
during cold starting, the ‘‘on” period is nearly the full 
cycle to permit as much coil current as possible. 

The output stage of the IC is designed with an OVP 
circuit which turns it on at VgBATT ~ 30 V (Vcc = 22 V), 
holding the output Darlington off. This protects the IC 
and the Darlington from damage due to load dump or 
other causes of excessive VBATT. 


COMPONENT VALUES 
PICKUP — series resistance = 8001 + 10% @ 25°C 


inductance = 1.35 H @ 1.0 kHz @ 15 
Vrms. 

COIL — leakage L = 0.6 mH 
primary R = 0.43.02 + 5% @ 25°C 
primary L = 7.5 to 8.5 mH @5.0A 

RL — load resistor for pick-up = 10 kQ + 20% 


Ra. Rg — input buffer resistors, provide additional 
transient protection to the already 
clamped inputs = 20k + 20% 

Ci,C2 — forreduction of high frequency noise and 
spark transients induced in pick-up and 
leads; optional and non-critical 

RBATT — provides load dump protection (but small 
enough to allow operation at VBATT = 
4.0 V) = 3009 + 20% 

CFILTER — transient filter on Vcc, non-critical 

CDWELL — stores reference, circuit designed for 0.1 
pF + 20% 

RGAIN — RGAIN/Rpj sets the de gain of the current 
regulator = 5.0k + 20% 

Rp2 — Rp2/Rp1 set up voltage feedback from Rs 
Rs — sense resistor (PdAg in thick film tech- 
niques) = 0.075 2 + 30% 

RpRIVE — low enough to supply drive to the output 
Darlington, high enough to keep VCE(sat) 
of the IC below Darlington turn-on during 
load dump = 100 1 + 20%, 5.0 W 

Rp1 — starting with 35 M assures less than 5.5 


A, increasing as required to set 5.5A 


lo(pk) RS-Vref 


Rpi = Vief 14 - = 100 2 (nom) 
Rp2 ~=RGAIN 


GENERAL LAYOUT NOTES 

The major concern in the substrate design should be 
to reduce ground resistance problems. The first area of 
concern is the metallization resistance in the power 
ground to module ground and the output to the RorivE 
resistor. This resistance directly adds to the VCE(gsat) Of 
the IC power device and if not minimized could cause 
failure in load dump. The second concern is to reference 
the sense ground as close to the ground end of the 
sense resistor as possible in order to further remove 
the sensitivity of ignition coil current to ground I.R. 
drops. 

All versions were designed to provide the same pin- 
out order viewed from the top (component side) of the 
board or substrate. This was done to eliminate con- 
ductor cross-overs. The standard MC3334 plastic device 
is numbered in the industry convention, counter-clock- 
wise viewed from the top. The MCC3334 chip version 
is made from the same die artwork, so it is also counter- 
clockwise viewed from the top, or bonding pad side. 
The MCCF3334 “flip” or “bump” chip is made from 
reversed artwork, so it is numbered clockwise viewed 
from its bump side. Since this chip is mounted face 
down, the resulting assembly still has the same counter- 
clockwise order viewed from above the component sur- 
face. All chips have the same size and bonding pad 
spacing. See Figure 4 for dimensions. 
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MC3334P, MCC3334, MCCF3334 


FIGURE 3 — INTERNAL SCHEMATIC 


Simplified = 0 
Internal Output IL 
Power ; Stage | 
Supply i with OVP 
B ' and | 
| Current 
| = Limiting 
Ge a te et Ig ache! 
2 O Sense 1 © Power 
Ground Ground 


Dwell 
Reference 
Buffer 


(8) Bumps 7 +1 Mil Dia. 
raised minimum 0.5 Mils 
above passivated chip 
surface | 


Sense 


76 + 2 Mils 
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MOTOROLA 
= SEMICONDUCTOR sox MC3397T 
TECHNICAL DATA 


Advanced Information 


SERIES SWITCH 


SERIES SWITCH TRANSIENT PROTECTOR TRANSIENT PROTECTOR 
The MC3397T is a Series Switch Transient Protection Circuit. SILICON MONOLITHIC 
Under normal operating voltage conditions, the device acts as a INTEGRATED CIRCUIT 


saturated series pass device with a very low voltage drop for load 
currents in excess of 750 mA. In the event of an overvoltage con- 
dition (217.5 V typ) or high voltage transient of either polarity, 
the MC3397T switches to an open circuit (OFF) state, interrupting 
power to the load and protecting it during this potentially destruc- 
tive condition. The device will automatically reset to an ON state 
when the supply voltage falls within the normal range again. 

The MC3397T is fabricated on a power BiMOS process which 
combines the best features of Bipolar and MOS technologies. The 
mixed technology provides higher gain PNP output devices and 
results in Power Integrated Circuits with reduced quiescent 
current. 

The device operates in its ON state over a wide voltage range 
of 4.5 V to 16 V and can withstand voltage transients of +85 V. A 
rugged PNP output stage along with current limiting permits driv- 
ing afl types of loads, including incandescent and inductive. The 
MC3397T is specified over a wide junction temperature range of 
— 40°C to +125°C and is ideally suited for industrial and auto- 
motive applications where harsh environments exist. 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 

®@ Transient Protection up to +85 V 

@ Load Currents in Excess of 750 mA 

®@ Low Voltage Drop PIN 1. Input 
® Fast Shutdown and Recovery to Transients 
e 


2. Output 
3. Ground 
Transient Energy Passed to the Load is Minimized 
(10 uJ Typ) 
On-Chip Current Limiting 
Capacitor May Be Used to Support Load During Transient (Heatsink surface 


Extended Operating Temperature Range connected to Pin 2) 


Power BiMOS Technology 


FIGURE 1 — BLOCK DIAGRAM 


Voltage Current 
Threshold Limit 


Control 
Circuit 


This document contains information on a new product. Specifications and information 
here are subject to change without notice. 
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MAXIMUM RATINGS 


Internally A 
Limited 


Junction Temperature 
Operating 
Storage 

Thermal Resistance 


Junction to Ambient 
Junction to Case 


DEFINITION OF CURRENTS AND VOLTAGES Positive current is defined as conventional current flow into the device. 
Negative current is defined as flow out of the device. All voltages are referenced to ground. Both currents and voltages 
are compared as absolute values (i.e., — 10 volts is greater than — 1.0 voit). 


ELECTRICAL CHARACTERISTICS (V;, = +12 V, lI, = —150 mA, —40°C < Tj < +125°C unless otherwise noted) 


Characteristic Symbol Min 
Minimum Operating Voltage Vin(min) — 


Quiescent Current 


— 150 mA, Vin = 
~500 mA, Vin = 
— 750 mA, Vin = 
Switch Voltage Drop Vin-Vo 
IL = —150 mA, Vin = 4.5 V _ 150 250 
I, = —500 mA, Vin = 12 V _ 250 500 
I, = —750 mA, Vin = 16 V == 320 800 


Output Leakage Current ILEAK = — 10 mA 
18 V < Vin < 85V, Vo = 14V 


Over Voltage Shutdown Threshold Vin(OV) 16 17.5 
Output Turn-Off Delay Time IDLY _ 10 Mm) 
Vin stepped from 12 V to 40 V, Vg = 10.5 V (Figure 2) 


Qutput Recovery Delay Time tRCVY = 7.0 30 ps 
Vin stepped from 40 V to 12 V, Vo = 10.5 V (Figure 2) 


{ 


\ 


FIGURE 2 — RESPONSE TIME DIAGRAM 
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FIGURE 3 — RESPONSE TIME TEST CIRCUIT 


Transient 
Generator 


NOTE: The test circuit does not have an output capacitor in order 
to eliminate its influence on time measurements. However, all 
practical applications should have an output capacitor of at least 
0.01 uF. 


FIGURE 5 — SWITCH DROP versus LOAD CURRENT 


SWITCH DROP IN mV 


LOAD CURRENT IN mA 


SERIES TRANSIENT PROTECTION 

Zener diodes and other devices are often used as 
shunt mode transient protectors. The MC3397 provides 
series mode protection which has some advantages 
over shunt mode. The first advantage is that series 
mode protection is more precise. There is a very small 
variation in trip voltage due to temperature or the mag- 
nitude of the transient, compared to the variations 
found in power devices used for shunt protection. A 
disadvantage of shunt mode, is that the load continues 
to operate during the transient at the shunt device's 
breakdown voltage. The amount of excess energy the 
load has to absorb is significant in some cases. Series 
mode protection results in less excess energy passed 
to the load. An 85 volt transient will cause only 10 uJ 
(typical) of excess energy to be passed on to the load 
regardless of the transient’s duration. 


INPUT CAPACITOR 
A capacitor of at least 0.01 uF or larger, is required 
to be connected from the MC3397’s input pin to its 
ground pin. The capacitor should have sufficient voltage 


FIGURE 4 — DELAY AND RECOVERY TIME 
versus LOAD CURRENT 


DELAY TIME IN jes 


LOAD CURRENT IN mA 


FIGURE 6 — QUIESCENT CURRENT versus LOAD CURRENT 


40 


35 


30 


25 


QUIESCENT CURRENT IN mA 


0 100 200 30¢ 400 500 600 700 800 900 1000 
LOAD CURRENT IN mA 


rating to withstand the largest possible transient volt- 
age and good ESR characteristics. It should also be 
located as close to the MC3397 as possible. 


OUTPUT CAPACITOR 

A 0.01 uF capacitor should also be connected from 
Output to Ground on the MC3397. A larger capacitor 
has no advantage or effect on the device, but may be 
desirable for the load. There are two possible advan- 
tages for the load. The most common one is that the 
Output capacitor can serve as a power source to keep 
the load operating during a transient. Since the MC3397 
switches to an open circuit during a transient, there will 
be no power supplied to the load. A capacitor on the 
output pin can be sized to store enough energy to keep 
the load operating. The output capacitor will act in the 
same manner as a power supply filter capacitor. The 
size of the required capacitor is calculated as follows: 
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Where; C = The required capacitor value in 
farards 
{= The constant current drain in 
amps 
AT = The duration of the transient in 
seconds 
AV = The allowable voltage drop in 
volts 


The second advantage of a larger capacitor does not 
apply to most loads. When a high voltage transient 
occurs, the MC3397 will take a finite amount of time to 
switch off. During the switching time there is a certain 
amount of energy that will pass through the MC3397 to 
the Output. Typically, this is only a few microjoules. 
However, energy will be stored in the output capacitor 
according to the formula; 


_ C (v2) 
ae 2 
Where; E = Energy in microjoules 
C = Capacitance in microfarads 
V = _ Voltage rise across the capacitor 


in volts 


Loads which are extremely sensitive to higher voitages 
regardless of their time duration can be protected by 
increasing the value of the capacitor. For most loads a 
22 uF capacitor will reduce the size of the voltage tran- 
sient so that it becomes virtually undetectable. 


THERMAL 
In most applications, the MC3397 does not need an 
external heatsink. If it is operated only in its saturated 
mode then the low saturation voltage, combined with 
the good thermal characteristics of the TO-220 package, 
allow it to operate in ambient temperatures above 80°C 
without an additional heatsink. 


If the MC3397 will be used in a very high ambient 
temperature, or if it will be operated in a current limiting 
mode, then a heatsink may be required. Current limiting 
requires special care. The power dissipation of the 
device increases very rapidly in the current limit mode 
and can quickly become three times or more the power 
dissipation in the saturated mode. 


VARYING VOLTAGE THRESHOLDS 

The MC3397 determines when to shut down and open 
the circuit by measuring the voltage between its input 
and ground pins. A zener diode inside the MC3397, 
between the input and ground pins, is the main com- 
ponent involved. When current starts to flow through 
this zener diode the MC3397 switches to an open circuit 
(OFF) state. 

The apparent trip voltage can be changed by adding 
an additional voltage drop between the ground pin and 
true ground. For example, inserting a 6.8 V zener diode 
between the ground pin and true ground would change 
the voltage threshold from the MC3397’s 17.5 V to 17.5 
+ 6.8 or 24.3 V. If a —5.0 V supply is available in the 
system then the ground pin could be connected to this 
supply which would change the trip voltage at the input 
to +12.5 V. Note that changing the trip points by the 
use of zener diodes will also change its maximum volt- 
age ratings. If a 6.8 V zener is used then 6.8 V will be 
added to its maximum positive voltage and 0.7 V will 
be added to its maximum negative voltage. The only 
constraint on any device connected to the MC3397's 
ground to change its trip point is that the quiescent 
current must be able to flow through it freely. 

It may be possible to have the input and output capac- 
itors connected to system ground rather than the 
MC3397's ground, but the most reliable operation will 
be achieved if there are capacitors connected between 
the input and output pins and the MC3397's ground pin. 
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10 


TECHNICAL DATA 


AUTOMOTIVE HIGH-SIDE DRIVER SWITCH 


The MC3399T is a High-Side Driver Switch that is designed to 
drive loads from the positive side of the power supply. The output 
is controlled by a TTL compatible Enable pin. In the ON state, the 
device exhibits very low saturation voltages for load currents in 
excess of 750 mA. The device also protects the load from positive 
or negative going high voltage transients by becoming an open 
circuit and isolating the transient for its duration from the load. 

The MC3399T is fabricated on a power BIMOS process which 
combines the best features of Bipolar and MOS technologies. The 
mixed technology provides higher gain PNP output devices and 
results in Power Integrated Circuits with reduced quiescent 
current. 

The device operates over a wide power supply voltage range 
and can withstand voltage transients (positive or negative) of 
+100 V. A rugged PNP output stage along with active clamp cir- 
cuitry, current limit and thermal shutdown permits driving of all 
types of loads including inductive. The MC3399T is specified over 
a wide junction temperature of —40°C to + 125°C and is ideally 
suited for industrial and automotive applications where harsh en- 
vironments exist. 


Low Switch Voltage Drop 

Load Currents in Excess of 750 mA 

Low Quiescent Current 

Transient Protection Up to +100 V 

TTL Compatible Enable Input 

On-Chip Current Limit and Thermal Shutdown Circuitry 


MAXIMUM RATINGS 


a 1 a 


Ignition Input Voltage — Continuous VIGN +25 Vdc 
—12 
Vv 


Ignition Input Voltage — Transient 
t = 100 ms 
t = 1.0ms 


Input Voltage 


Output Current 


Power Dissipation and Thermal Characteristics 
Ta = +25°C 

Derate above Ta = +25°C 

Thermal Resistance Junction to Ambient 

Tc = +25°C 

Derate above Tc = +25°C 

Thermal Resistance Junction to Case 


5.0 
Operating Junction Temperature Range —40 to +125 
Cc 


= 
3 
} 
° 
w 
mal 
° 
+ 
~ 
roy 


Storage Temperature Range —65 to + 150 


MC3399T 


AUTOMOTIVE 
HIGH-SIDE DRIVER 
SWITCH 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


T SUFFIX 
PLASTIC PACKAGE 
CASE 314D 


Pin 1. Ignition 4 
2. Output 5 
3. Output 
4. Ground 
5. Input 


(Heatsink surface 
connected to Pin 2) 


BLOCK DIAGRAM 


MC3399T 


Ignition Output 


TIMING DIAGRAM 


Line Transient 


a 


| 
— 


Ignition 


Output 
(load Voltage) 
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ELECTRICAL CHARACTERISTICS (Vign = +12 V, IL = 150 mA, —40°C < Ty = +125°C, V Input = “1” unless noted)* 
Symbol 


Characteristic 


Operating Voltage Vv =| 
Switch Voltage Drop (Saturation) Vv 
VIGN 45VIg = 150mA Ty = 25°C 
ig = 200 mA Ty = ~—40°C 
19 = 125mA Ty = 125°C 
VIGN = 12 Vig = 425 mA Ty = 25°C 
lo = 550mA Ty = -40°C 
: VIGN * 16 VIg = 375 mA Ty = 125°C 
Quiescent Current mA 
VIGN = 12VIg = 150mA Ty = 25°C 
19 = 550mMA Ty = ~40°C 
_ iQ = 300mA Ty = 125°C 
Output Current Limit A 
Vo OV 
Output Leakage Current ILeak HA 
VIGN ~ 12 V, Input = “0” 
+ 
Input Voltage il’: Vv 
High Logic State VIH 2.0 —_ _— 
Low Logic State VIL _ _ 0.8 
een Sl | 
Input Current pA 
High Logic State (Vip = 5.5 V) lH — 120 — 
Low Logic State (Vi, = 0.4 V) lit —_ 20 a 
Output Turn-On Delay Time tDLY(on) 50 _ ps 
Input = “O" > "1," Ty = +25°C (Figures 1 and 2) | 
Output Turn-Off Delay Time tDLY (off) 5.0 — us 
Input = “1° "0," Ty = +25°C (Figures 1 and 2) 
Over Voltage Shutdown Threshold Vin(OV) 26 31 36 Vv 
Output Turn-Off Delay Time (Ty = + 25°C) tDLY — 2.0 — ps 
to Over Voltage Condition, Vin stepped from 12 V to 40 V, 
V = 0.9 Vo (Figures 1 and 2) 
Output Recovery Delay Time (Ty = +25°C) tRCVY _ 5.0 — ps 
VIGN stepped from 40 V to 12 V, V = 0.9 Vo (Figures 1 and 2) 
NOTE: 


*Typical Values Represent Characteristics of Operation at Ty = + 25°C. 


FIGURE 1 — TRANSIENT RESPONSE TEST CIRCUIT 


Thermal 
Sense 
Control 
2 


Ignition Output* 


50 2 


Transient 
Generator 


NOTE: 

*Depending on Load Current and Transient Duration, an Output Capacitor (CQ) of 
sufficient value may be used to hold up Output Voltage during the Transient, and 
absorb Turn-off Delay Voltage Overshoot. 
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FIGURE 2 — RESPONSE TIME DIAGRAM 


+40 V— 
I 
Ignition | 
+12 V- | | 
| | 
Input | | 
+5.0 V— 
ov- | | | 
+31V- { J 
[ | 
Output | | | | l | 
+12 V— 0.9 V 
Vo a 0.9 Vo| | | 
OoVv- | 
I | 1; | 1 | 
| he ~~ 6h oe ~~ 
tpLY(OV) tRCVY tDLY(off) tDLY(on) 
FIGURE 3 — SWITCH VOLTAGE DROP versus LOAD CURRENT FIGURE 4 — QUIESCENT CURRENT versus LOAD CURRENT 
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INTEGRATED SOLENOID DRIVER 


The MC3484 is an integrated monolithic solenoid driver. Its typ- 
ical function is to apply full battery voltage to fuel injector(s) for 
rapid current rise, in order to produce positive injector opening. 
When load current reaches a preset level (4.0 A in MC3484S4 or 
2.4 A in MC3484S2) the injector driver reduces the load current 
by a 4-to-1 ratio and operates as a constant current supply. This 
condition holds the injector open and reduces system dissipation. 
Other solenoid or relay applications could be served by the 
MC3484. Two high impedance inputs are provided which permit 
a variety of contro! options and can be driven by TTL or CMOS 
logic. 

@ Microprocessor Compatible Inputs 
@ On-Chip Power Device 

MC3484S2-2 2.4 A Peak 0.6 A Sustain 

MC3484S4-2 4.0 A Peak 1.0 A Sustain 
Low Thermal Resistance to Grounded Tab — Rajc = 2.5°C/W 
Overvoltage Protection Cutoff 
Low Saturation Voltage — VcE(sat) = 1.6 V Typ @ 4.0A 
Uncompromised Performance — 40°C to + 85°C Junction 
Temperature 
@ Fully Functional from Vpat = 4.0 V to 24 V 


@ High VcEO(sus) = 42 V min @ ISUSTAIN 
@ Alternate Lead Forms are Available 


FIGURE 1 — TYPICAL APPLICATION 


MC3484S2-2 


MC3484S4-2 


SOLENOID DRIVER 
2.4 A — S2 
4.0 A — S4 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


S SUFFIX 
PLASTIC PACKAGE 
CASE 314D 


PIN CONNECTIONS 
UNFORMED PACKAGE 


Input 
Control 
Ground 
Output 

+Vec 


ORDERING INFORMATION 


Tested Ambient 
Temperature Range 


Peak 


Device Current 
MC3484S2-2 


MC3484S4-2 


—40 to + 85°C 


Single Injector with Overvoltage Protection at 30 V (Vpat) 


400 Ohms 


36 Gnd (Tab) 


VSupply 
4 to 24 Vdc 


Solenoid 
Coil 


1.0 ms/div 


MOTOROLA LINEAR/INTERFACE DEVICES 


10-21 


MAXIMUM RATINGS 
pee 


MC3484S2-2, MC3484S4-2 


Rating Value Unit 
| Power Supply Voltage (Vpaz) 24 | Volts | 
Input (Pin 1) -—0.3 to +6.0 Vv 
Control (Pin 2) Oto +5.0 Vv | 
[ Internal Regulator (Pin 5) 50 mA 
| Junction Temperature 150 | °C | 
Operating Temperature (Tab Temperature) —40 to +105 °C 
ee —} 
Storage Temperature —65 to +150 °C | 
Thermal Resistance, Junction to Case 2.5 “CW sit 


ELECTRICAL CHARACTERISTICS (Vpat = 12 Vdc, Tc = —40° to +85°C, test circuit of Figure 2, unless noted) 


Characteristic Symbol Min Typ Max Unit 
Output Peak Current S4-2 'pk(sense) 3.6 4.0 5.2 A 
$2-2 [ 1.7 2.4 2.9 
| eee 
Output Sustaining Current Isus 0.95 1.0 1.3 A 
{| _0.50 0.6 0.7 
T 
| VCEO(sus) @ 2.0A se tii! 42 50 _ V 
Output Voltage in Saturated Mode Vout Vv 
S2@ 1.5A = 1.2 _— 
S4@ 3.0A — 1.6 { _ 
Internal Regulated Voltage (Vcc, Figure 2) Vreg a = 7.1 = Vv 
Seach 
Input “On” Threshold Voltage Von _— 1.4 2.0 Vv 
Input “Off” Threshold Voltage Voftf 0.7 1.3 _ Vv 
Input “On" Current lin BA 
(a Vi = 2.0 Vde _ 50 _ 
(a V, = 5.0 Vde = 220 _— 
Control “On” Threshold Voltage (Pin 2) Veont _ 1.5 bt en V 
Control “On” Current lin2 — 75 _ pA 
Control Pin impedance V1 Low — 10 —_ kQ 
Input Turn On Delay tj —_ 0.5 = pbs 
lok sense to Igus delay a ae ee ee es 
Control! Signal Delay tt = 15 _— Bs 
Pia Turn Off from Saturated Mode Delay ts | —_ 1.0 | <= ps 
Input Turn Off from Sustain Mode Delay tg _— 0.2 = pus 
Output Voitage Rise Time ty [ — 0.4 uk _ BS 
Output Current Fall Time 2.0A tf —_ 0.3 — pS 
40A [ _ 0.6 Lt Lo 


FIGURE 2 — TEST CIRCUIT 
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Load 
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Zener 
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GENERAL INFORMATION 

Inductive actuators such as automotive electronic fuel 
injectors, relays, solenoids and hammer drivers can be 
powered more efficiently by providing a high current 
drive until actuation (pull-in) occurs and then decreas- 
ing the drive current to a level which will sustain actu- 
ation. Pull-in and especially drop-out times of the actu- 
ators are also improved. 

The fundamental output characteristic of the MC3484 
provides a low impedance saturated power switch until 
the load current reaches a predetermined high-current 
level and then changes to a current source of lower 
magnitude until the device is turned off. This output 
characteristic allows the inductive load to control its 
actuation time during turn-on while minimizing power 
and stored energy during the sustain period, thereby 
promoting a fast turn-off time. 

Automotive injectors at present come in two types. 
The large throttle body injectors have an impedance of 
about 2.0 mH and 1.2 2 and require the MC3484S4 
driver. The smaller type, popular world-wide, has an 
impedance of 4.0 mH and 2.4 0 and needs about a 2.0A 
pulse for good results. Some designs are planned which 
employ two of the smaller types in parallel. The induct- 
ance of an injector is much larger at jow current, 
decreasing due to armature movement and core satu- 
ration to the values above at rated current. 

Operating frequencies range from 5.0 Hz to 250 Hz 
depending on the injector location and engine type. 
Duty cycle in some designs reaches 80%. 


APPLICATIONS INFORMATION 

The MC3484 is provided with an input pin (Pin 1) 
which turns the injector driver ‘“‘on” and “off.” This pin 
has a nominal trip level of 1.4 V and an input impedance 
of 20 k®. It is internally protected against negative volt- 
ages and is compatible with TTL and most other logic. 

There is also a contro] pin (Pin 2) which may be used 
as an overvoltage, load dump, shutdown. When a nom- 
inal 1.5 V is applied to Pin 2, via a 20:1 voltage divider 
the driver and circuit are set in a safe off state at 30 V 
(Vbat)- 

Figure 3 shows the operating waveforms for the sim- 
plest mode; i.e., with control Pin 2 grounded. When the 
driver is turned on, the current ramps up to the peak 
current sense level, where some overshoot occurs 
because of Internal delay. The MC3484 then reduces its 
output to Isyg. The fall time of the device is very rapid 
(<1.0 ws), but the decay of the ioad current takes 150 
to 220 us, while dumping the load energy into the pro- 
tection zener clamp. It is essential that the zener voltage 


FIGURE 3 — OPERATING WAVEFORMS 
(Max Frequency 250 Hz, Pin 2 Grounded) 


Input Signal 
Pin 1 
>1.4V 
0 2.0 4.0 ms 
Load lpk 
Current 


Output 
Current 


Output 
Voltage 


Vz 


Vbat 
Vpat-!sus RL = 
Vsat 
Vz'pk 


Power 
Dissipation Vzlsus 


(Vpat-!sus RL) Isus 
Veat \pk ——— 


be lower than the VCEO(sus). but not so low as to greatly 
stretch the load current decay time. Without the zener, 
the discharge of the load energy would be totally into 
the MC3484, which, for the high current applications, 
could cause the device to fail. (See SOA, Figure 11.) 

Also in Figure 3 is the graphically derived instanta- 
neous power dissipation of the MC3484. it shows that, 
for practical purposes, the worst case dissipation is less 
than (Isgys) (Vat) (duty cycle). 

Provided in Figures 3 and 4 are definitions of the 
switching intervals specified in the Electrical Charac- 
teristics. Figure 5 shows that the critical switching 
parameters stay under control at elevated 
temperatures. 
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FIGURE 4 — SWITCHING WAVEFORMS FIGURE 5 — SWITCHING SPEED versus 
(Expanded Time Scale) TEMPERATURE 
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TYPICAL CHARACTERISTICS 
(Unless otherwise noted: Test circuit of Figure 2, Vpat = 12 Vdc, Tc = —40° to +85°C, 
250 Hz square wave input) 


FIGURE 6 — OUTPUT CURRENT versus TEMPERATURE FIGURE 7 — SATURATION VOLTAGE 
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TYPICAL CHARACTERISTICS 2 
(Unless otherwise noted: Test circuit of Figure 2, Vpbat = 12 Vde, Tc = ~40° to +85°C, 
250 Hz square wave input) 


FIGURE 8 — OUTPUT CURRENT versus 
SUPPLY VOLTAGE FIGURE 9 — OPERATING VOLTAGES 
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FIGURE 10 — BREAKDOWN VOLTAGE versus 
TEMPERATURE FIGURE 11 — SAFE OPERATING AREA 
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8 SEMICONDUCTOR sox TCF6000 
TECHNICAL DATA 


PERIPHERAL CLAMPING ARRAY 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PERIPHERAL CLAMPING ARRAY 


... designed to protect input/output lines of microprocessor 


systems against voltage transients. D SUFFIX 

© Optimized for HMOS System OTe 
@ Minimal Component Count (SO-8) 

® Low Board Space Requirement 

@ No P.C.B. Track Crossovers Required Ss 

®@ Applications Areas Include Automotive, Industrial, 1 


Telecommunications and Consumer Goods PIN ASSIGNMENT 


Gnd [1] [8] Vcc 
Clamp [2] Clamp 
Clamp [3} 16] Clamp 
Clamp [4] [5] Clamp 


FIGURE 1 — BLOCK DIAGRAM AND TYPICAL APPLICATION 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted, Note 1.) 


Supply Voltage 
Supply Current 


Power Dasiation a= 2050 ——SSS*dCS ||| 


Note 1: Values beyond which damage may occur. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, 4.5 < Vcc < 5.5 V; if not otherwise noted.) 


ee 


Positive Clamping Voltage (Note 2) V(IK) 
(ik = 10 mA, —40°C < Ta < +85°C) 


Positive Peak Clamping Current lIK(P) 


Negative Peak Clamping Voltage V(iK) 
(ik = —10 mA, —40°C < Ta < +85°C) 


Negative Peak Clamping Current | tiKipy | 20 | 


Output Leakage Current 
(0 V < Vin = Vcc} 
(0 V < Vin = Vcc, —40°C = Ta = +85°C) 


Channel Crosstalk (Ac7T = 20 log IL/I)K) 


ILT 


Note 2: The device might not give 100% protection in CMOS applications. 


CIRCUIT DESCRIPTION 


To ensure the reliable operation of any integrated cir- 
cuit based electronics system, care has to be taken that 
voltage transients do not reach the device I/O pins. Most 
NMOS, HMOS and Bipolar integrated circuits are partic- 
ularly sensitive to negative voltage peaks which can pro- 
voke latch-up or otherwise disturb the normal functioning 
of the circuit, and in extreme cases may destroy the 
device. 

Generally the maximum rating for a negative voltage 
transients on integral circuits is —0.3 V over the whole 
temperature range. Classical protection units have con- 
sisted of diode/resistor networks as shown in Figures 2a 
and 2b. 

The arrangement in Figure 2a does not, in general, 
meet the specification and is therefore inadequate. 

The problem with the solution shown in Figure 2b lies 
mainly with the high current drain through the biassing 
devices R1 and D3. A second problem exists if the input Gnd Gnd 
line carries an analog signal. When Vip is close to the 
ground potential, currents arising from leakage and mis- 
match between D3 and D2 can be sourced into the input 
line, thus disturbing the reading. 


FIGURE 2 — CLASSICAL PROTECTION CIRCUITS 


Vcc Vcc 
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Figure 3 shows the clamping characteristics which are 
common to each of the six cells in the Peripheral Clamp- 
ing Array. 

As with the classical protection circuits, positive volt- 
age transients are clamped by means of a fast diode to 
the Vcc supply line. 


FIGURE 3 — CLAMPING CHARACTERISTICS 


Vcc + 
0.75 V Typ 


APPLICATIONS INFORMATION 


Figure 4 depicts a typical application in a microcom- 
puter based automotive ignition system. 

The TCF6000 is being used not only to protect the sys- 
tem’‘s normal inputs but also the (bidirectional) serial di- 
agnostics port. 

The value of the input resistors, Rin, is determined by 
the clamping current and the anticipated value of the 
spikes. 


Thus: 

Rin = ae Ohms 

IK 

where V_ = Peak volts (Volts) 

\K = Clamping current (Amps) 
So, taking 

V = 300 V typically (SAE J1211) 

lik = 10 mA (recommended) 
gives 


Rin = 30k 


Resistors of this value will not usually cause any prob- 
lems in MOS systems, but their presence needs to be 
taken into account by the designer. Their effect will nor- 
mally need to be compensated for in Bipolar systems. 


FIGURE 4 — TYPICAL AUTOMOTIVE APPLICATION 
Vcc 


Low 
Impedance Impedance Impedance 
| Gnd 
VBatt 
| Ruall 
Engine 
Veatt Temperature 
Press- | 
ure 
Sensor | 
=Gnd 
Battery 
Volts 
6X 
Rin 
Gnd 
Car 


eooandos 


Ignition Module 


Coil 

Drive 
Coil 
Feedback 


MC6805 
$2 


Serial Diagnostics 
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The use of Cjp is not mandatory, and is not recom- 
mended where the lines to be protected are used for 
output or for both input and output. For digital input lines, 
the use of a small capacitor in the range of 50 to 220 pF 
is recommended as this will reduce the rate of rise of 
voltage seen by the TCF6000 and hence the possibility of 
overshoot. 

In the case of the analog inputs, such as that from the 
pressure sensor, the capacitor Cj, is necessary for de- 
vices, such as the MC6805S2 shown, which present a low 
impedance during the sampling period. The maximum 
value for Cj, is determined by the accuracy required, the 
time taken to sample the input and the input impedance 
during that time, while the maximum value is determined 
by the required frequency response and the value of Rijn. 

Thus for a resistive input A/D connector where: 


Ts = Sample time (Seconds) 

Rp = Device input resistance (Ohms) 

Vin = Input voltage (Volts) 

k = Required accuracy (%) 

Q1 = Charge on capacitor before sampling 
Q2 = Charge on capacitor after sampling 
Ip = Device input current (Amps) 


Thus: 
_ k.Qy 
01-02 = 169 
but Q1 = Cin Vin 
and Q1-Q2 = Ip.Ts 
_ kCin-Vin 
so that ID Ts = 100 
Ip.T. 
and Cin (min) = 2S Farad 
Vin-k 
: 100.T. 
so Cin (min) = ee Farad 


The calculation for a sample and hold type converter 
is even simpler: 


k = Required accuracy (%) 
CH = Hold capacitor (Farad) 
Cinitentinjo See cara 


For the MC6805S2 this comes out at: 
Cin (min) = 108-28 PF _ 10 nF for 1/4% accuracy 
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= SEMICONDUCTOR yyy UAA1041 
TECHNICAL DATA 


AUTOMOTIVE DIRECTION 
AUTOMOTIVE DIRECTION INDICATOR INDICATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


... designed for use in conjunction with a relay in automotive 
applications. It is also applicable for other warning lamps such 
as “handbrake ON,” etc. 


® Defective Lamp Detection 
®@ Overvoltage Protection 


@ Short Circuit Detection and Relay Shutdown to Prevent Risk PIN CONNECTIONS 
of Fire 
@ Reverse Battery Connection Protection Start 
@ Integrated Suppression Clamp Diode Fault Det 


Fault Det 
On/Off 
Osc 


FIGURE 1 — TYPICAL AUTOMOTIVE SYSTEM 


P SUFFIX 
PLASTIC PACKAGE 
CASE 626 


YY 


1 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


L1: 1.2 W warning light handbrake ON L2, L3, L4, L5: 21 W, turn signals ORDERING INFORMATION 


Rt = 75k Rs = 30 m2 Ambient 
Package 


R2 = 3.3k C1 = 5.6 uF Temperature 
R3 = 2200 C2 = 0.047 uF Device Range 


UAA1041D SO0-8 
— 40°C to + 100°C 
Plastic DIP 


UAA1041P 
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MAXIMUM RATINGS 


+150/+ 500 
— 35/—500 
+/—350/1900 
+/-300/1400 
+/- 25/50 


ty 10 
Ta | -40 to +100 


*One puise with an exponential decay and with a time constant of 500 ms. 


Current: Continuous/Pulse* 


Junction Temperature 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (T, = 25°C) 


Characteristics | Symbol | Min | 

Battery Voltage Range (normal operation) | ves ao | 
Overvoltage Detector Threshold (Vpin2— VPin1) | Dinjov) | 19 | 
Output Voltage (Irelfay = —250 mA) (VPin2— VPin3) Vo a= 
Rst 


Oscillator Constant (normal operation) | kn 
Temperature Coefficient of Kn — kn 


Typ 
0.7 


wW 
S = 
oa 
o 
: wo 
~N 
I + 


Duty Cycle (normal operation) 


t 

= 

a 

x 

an 

° 

} 

w 
°o = 
a for) 

= 

3 

if 


Oscillator Constant — (1 lamp defect of 21 W) KF 0.63 0.68 — 
Duty Cycle (1 lamp defect of 21 W) | — | 3 | 4 | % 
Oscillator Constant K1 0.167 0.18 0.193 _— 
0.25 0.29 
0.126 0.14 


Current Consumption (relay off) mA 
Pin 1; at VPin2—-Vpin1 = 8.0 V — -0.9 
= 13.5V -2.5 -—1.6 
= 18V = —2.2 
Current Consumption (relay on) = mA 
Pin 1; at VPin2-VpPin1 = 8.0 V _ —3.8 
= 13.5V = — 5.6 
a = 18V = —6.9 
Defect Lamp Detector Threshold at Vpjn2 to ~ Vg = 8.0 V VPin2—VPin7 =a 67 = mV 
and R3 = 2209 = 13.5V Vpin2—-Vpin7 | 79 85.3 91 
= 18V VPin2-VPin7 | — 100 = 


tSee Note 1 of Application Information 
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CIRCUIT DESCRIPTION 


The circuit is designed to drive the direction indicator 
flasher relay. Figure 2 shows the typical system config- 
uration with the external components. It consists of a 
network (R1, C1) to determine the oscillator frequency, 
shunt resistor (Rg) to detect defective bulbs and short 
circuits in the system, and two current limiting resistors 
(R2/R3) to protect the IC against load dump transients. 
The circuit can be used either with or without short- 
circuit detection. 

The lightbulbs L2, L3, L4, L5 are the turn signal indi- 
cators with the dashboard-light L6. When switch S11 is 
closed, after a time delay of ty (in our example ty = 75 
ms), the relay will be actuated. The corresponding light- 
bulbs L2, L3 (or L4, L5) will flash at the oscillator fre- 
quency, independent of the battery voltage of 8.0 V to 
18 V. The flashing cycle stops and the circuit is reset to 
the initial position when the switch S1 is open. 

The circuit features overvoltage, defective lamp and 
short circuit detection. 


Overvoltage detection: 

Senses the battery voltage. When this voltage exceeds 
20.2 V (this is the case when two batteries are connected 
in series), the relay will be turned off to protect the 
lightbulbs. 


Lightbulb defect detector: 

Senses the current through the shunt resistor Rs. When 
one of the lightbulbs is defective, the failure is indicated 
by doubling the flashing frequency. 


Short circuit detector: 

Detects excessive current (Isp > 25 A) flowing in the 
shunt resistor Rg. The detection takes place after a time 
delay of tg (tg = 55 ms). In this case, the relay will be 
turned off. The circuit is reset by switching $1 to the off 
position. 


Operation with short circuit detection: 
Pin 6 has to be left open and a capacitor C2 has to be 
connected between Pin 1 and Pin 2. 


Operation without short circuit detection: 
Pin 6 has to be connected to Pin 2 and the use of ca- 
pacitor C2 is not necessary. 


The circuit can also be used for other warning flashers. 
In our example, handbrake engaged is signaled by the 
light L1. 


APPLICATION INFORMATION 
1. The flashing cycle is started by closing S1. 
The switch position is sensed across resistor Ra and 
RLamp by input 8. 
Rst = R2 + Ramp: 
The condition for the start is: Rot <3.6 kO. 
For correct operation leakage resistance from Pin 8 
to ground must be greater than 5.6 kf. 


1 
R1C1Ky 
3. ff: Flashing frequency in the case of one defective 
lightbulb of 21 W 
1 


a fn: Flashing frequency: fy = 


ff = K 2K 
F RyCiKe *? 2,2KE 

4. t1: delay at the moment when S71 is closed and first 
flash ty = KyR1C 


5. tg: defective lightbulb detection delay tg = K2R4C 
6. t3: short circuit detection delay tg = K1RyCq 
In the case of short circuit: 


— it is assumed that the voltage Vpjn2—Vpin1 = 8.0 
V. 


— The relay will be turned off after delay tg. 

— The circuit is reset by switching S1 to the off 
position. 

7. The capacitor C2 is not obligatory when the short 


circuit detector is not used. In this case Pin 6 has to 
be connected to Pin 2. 


8. When overvoltage is sensed (Vpjn2 — Vpjn1) the relay 
is turned off to protect the relay and the lightbulbs 
against excessive currents. 


FIGURE 2 — TYPICAL SYSTEM CONFIGURATION 


PARTS LIST 

R1 = 75 kD Relay — Coil Resistance 
R2 = 3.3 kX Range 60 to 800 2 
R3 = 220 0 
Rs = 30 m2 Note: Per text connect 

Wire Resistor jumper JU-1 to bypass 
C1 = 5.6 pF short circuit detector. 
C2 = 0.047 pF C2 may be deleted also. 
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In Brief... 


A variety of other analog circuits are provided for 
special applications with both bipolar and CMOS tech- 
nologies. These circuits range from the industry-stan- 
dard analog timing circuits and multipliers to special- 
ized CMOS smoke detectors and encoder/decoder 
functions. Other circuits include a transmitter-receiver 
pair and a single chip receiver/transmitter. These prod- 
ucts provide key functions in a wide range of applica- 
tions, including data transmission, commercial smoke 
detectors, and various industrial controls. 


Other Linear Circuits 


Selector Guide 


Timing Circuits ...............66. 11-2 
Multipliers........ sda i coatatas idence 11-2 
Alphanumeric Listing .............. 11-3 
Related Application Notes.......... 11-3 
Data Sheets ................. enue 11-4 


Other Linear Circuits 


Timing Circuits 


These highly stable timers are capable of producing 
accurate time delays or oscillation. In the time delay 
mode of operation, the time is precisely controlled by 
One external resistor and capacitor. For astable opera- 
tion as an oscillator, the free running frequency and the 


Singles 
MC1455G,P1,U Ta = 0° to +70°C, Case 601, 626, 693 
MC1455BP1 Ta = —40°to +85°C, Case 626 


Dual 
MC3456L,P Ta = 0° to +70°C, Case 632, 646 


Multipliers 
Linear Four-Quadrant Multipliers 


Multipliers are designed for use where the output 
voltage is a linear product of two input voltages. Typical 
applications include: multiply, divide, square, root- 
mean-square, phase detector, frequency doubler, bal- 
anced modulator/demodulator, electronic gain control. 


FOUR-QUADRANT 
MULTIPLIER TRANSFER CHARACTERISTIC 


Vo. OUTPUT VOLTAGE (VOLTS) 


Vx, INPUT VOLTAGE (VOLTS) 


duty cycle are both accurately controlled with two ex- 
ternal resistors and one capacitor. The output structure 
can source or sink up to 200 mA or drive TTL circuits. 
Timing intervals from microseconds through hours can 
be obtained. 


Threshold —a 


Control 2] 
Voltage 


Trigger 


MC1594L Ta 
MC1494L Ta 


—55° to + 125°C, Case 620 
0° to + 70°C, Case 620 


The MC1594/MC1494 is a Variable Transconductance 
Multiplier with internal level-shift circuitry and voltage 
regulator. Scale factor, input offsets and output offset 
are completely adjustable with the use of four external 
potentiometers. Two complementary regulated volt- 
ages are provided to simplify offset adjustment and im- 
prove power-supply rejection. 


MC1595L Ta 
MC1495L Ta 


— §5° to + 125°C, Case 632 
0° to + 70°C, Case 632 


. .. designed for uses where the output is a linear product 
of two input voltages. Maximum versatility is assured by 
allowing the user to select the level shift method. Typical 
applications include: multiply, divide*, square root,* 
mean square*, phase detector, frequency doubler, bal- 
anced modulator/demodulator, electronic gain control. 


*When used with an operational amplifier. 
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OTHER LINEAR CIRCUITS 


TIMING CIRCUITS 


Device 


MC1455 
MC3456 
MC3556 


MULTIPLIERS 


Device 


MC1494L 
MC1495L 
MC1496 
MC1594L 
MC1595L 
MC1596 


Application 
Note 
AN489 
AN531 


Function Page 
TRING CICWIE Soc vc oe as taken edow erat ees otelpia cake ee ite eee s 11-4 

Dural. TIMMNG CICUIE ste e oe Rs Gd wa waie batl be RENEE EE Hs OEE oe ROLES A 11-40 
Dual Timing CWoult coves taisewiesieaed oekiae s rae eased Cake eA ees 11-40 
Function Page 
Four-Quadrant Multiplier cece ese wien ew oe actos ciel e adie Sa alee Yao 11-11 
Four-Quadrant Multiplier ici sic es wi wed enw eth Cee Pes Seale eee es Seas Be anaes 11-25 
Balanced Modulator-Demodulator .......... 00. cece eee eee eee See Chapter 8 
Four-Quadrant Multipliet 00.0240 oi eci eee le see ee h aa a ob age Opes 11-11 
Four-Ouadrant: MUltiONe ts x ick ci dv evade wee saad eo ad OSe dae Sere Sa 11-25 
Balanced Modulator-Demodulator .......... 0.00. c eee eee eee ee See Chapter 8 


RELATED APPLICATION NOTES 


Related 
Title Device 
Analysis and Basic Operation of the MC1595 ....... cee ee eee MC1595L 
MC1596 Balanced Modulator .......... 0.0 e cece eee eee eee eee MC1596 
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MOTOROLA 
= SEMICONDUCTOR xy 
TECHNICAL DATA 


TIMING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


THMENG CIRCUIT 


The MC1455 monolithic timing circuit is a highly stable con- 
troller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if 
desired. In the time delay mode of operation, the time is precisely 
controlled by one external resistor and capacitor. For astable oper- 
ation as an oscillator, the free running frequency and the duty 
cycle are both accurately controlled with two external resistors 
and one capacitor. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 
mA or drive MTTL circuits. 84 


® Direct Replacement for NE555 Timers 

® Timing From Microseconds Through Hours ete ae 

® Operates in Both Astable and Monostable Modes CASE 601 

@ Adjustable Duty Cycle 1. Ground 5, Control Voltage 
@ High Current Output Can Source or Sink 200 mA 2. Trigger 6. Threshold 

@ Output Can Drive MTTL : nee : ee 

@ Temperature Stability of 0.005% per °C 

@ Normally “On” or Normally “Off” Output 


FIGURE 1 — 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 


117 VAC 60 Hz 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 


t= 1.1; R,C = 22s 
Time delay (t) is variable by 
changing R and C, (See Figure 16). 


D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-8) 


FIGURE 2 — BLOCK DIAGRAM 


Threshold 
Discharge 


Control R 
Voltage ORDERING INFORMATION 


Temperature 
Range Package 
_— Metal Can 
NE555V " 6 Plastic DIP 
aa OC to +70°C Ion, 
_— Ceramic DIP 


_— ~40°C to +85°C| Plastic DIP 


Device Alternate 


Trigger MC1455G 
MC1455P1 
MC1455D 
MC1455U 


MC1455BP1 
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MAXIMUM RATINGS (Ta = + 25°C unless otherwise noted.) FIGURE 3 — GENERAL TEST CIRCUIT 
|Rating [Symbol — 
Power Supply Voltage im | 
= | 
na Reset 94 aD 
TA 


Power Dissipation (Package 
Limitation) 

Metal Can 

Derate above Ta = +25°C 

Plastic Dual In-Line Package 

Derate above Ta = +25°C 


Control 
Voltage 


Discharge Current (Pin 7) I7 
Discharge 


MC1455B —40 to +85 
MC1455 Oto +70 


Storage Temperature Range —65 to +150 


MC 1455 


+ 
0.01 uF Ab 


6 Threshold 


Output 
Operating Temperature 
Range (Ambient) 


'sink 
‘source 


Test Circuit for Measuring dc Parameters: (to set output and measure parameters) 
a) When Vg # 23 Vcc, Vg is low. 
b) When Vs = 13 Vcc. Vo is high. 
c) When Vq is low, pin 7 sinks current. To test for Reset, set Vo, high, 
apply Reset voltage, and test for current flowing into pin 7. 
When Reset is not in use, it should be tied to Vcc. 


ELECTRICAL CHARACTERISTICS (Ty = +25°C, Vcc = +5.0 V to +15 V unless otherwise noted.) 


Characteristics Symbol Min Typ 


Operating Supply Voltage Range Vcc 4.5 


Supply Current 
Vcc = 5.0V, RL = = 
Vec = 15 V, RL = = 
Low State, (Note 1) 


3 


Timing Error (Note 2) 
R = 1.0 kQ. to 100 kN 
Initial Accuracy C = 0.1 uF 
Drift with Temperature 
Drift with Supply Voltage 


Threshold Voltage 


% 
PPM/°C 
Volt 


xVcc 

Trigger Voltage 
Vec = 18V 
Vcc = 5.0V 


Trigger Current 


as 
> 


Reset Voitage 


Reset Current 
Threshold Current (Note 3) 


Discharge Leakage Current (Pin 7) 


Control Voltage Level 
Vec = 15V 
Vcc = 5.0V 


Output Voltage Low 
(Vcc = 15 V) 
Isink = 10 mA _ 
lsink = 50 mA _ 
Isink = 100 mA _ 
Isink = 200 mA = 
(Vcc = 5.0 V) 
\sink = 8.0 mA — 
Isink = 5.0 mA — 


E 
B [5 


= 
- 


4.0 


Output Voltage High VOH 
(lsource = 200 mA) 
Vcc = 15 V _ 
(lsource = 100 mA) 
Vcc = 168 V 12.75 
Vec = 5.0V 2.75 


Rise Time of Output tOLH = 


Fall Time of Output TOHL = 
NOTES: 
1. Supply current when output is high is typically 1.0 mA less. 3. This will determine the maximum value of Ra + Rg for 15 V operation. 
2. Tested at Vcc = 5.0 Vand Vcc = 15 V. The maximum total R = 20 megohms. 

Monostable mode 
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FIGURE 4 — TRIGGER PULSE WIDTH 
150 


125 


PW, PULSEWIDTH (ns min) 


(X Veco Vdc) 


FIGURE 7 — LOW OUTPUT VOLTAGE 
@ Vcc = 5.0 Vde 


Vat. (Vde) 


0.0 
100 2.0 50 10 20 50-100 
ISINK, (mA) 


FIGURE 10 — DELAY TIME 
versus SUPPLY VOLTAGE 


tg, DELAY TIME NORMALIZED 


Vcc, SUPPLY VOLTAGE (Vdc) 


MC1455 


TYPICAL CHARACTERISTICS 


(Ta = +25°C unless otherwise noted.) 


FIGURE 5 — SUPPLY CURRENT 


tcc, SUPPLY CURRENT (mA) 


Vcc. SUPPLY VOLTAGE (Vdc) 


FIGURE 8 — LOW OUTPUT VOLTAGE 
@ Vcc = 10 Vde 


VOL, (Vde) 


0.01 


10° 2.0 O 10 20 50 700 


'SINK, (mA) 


FIGURE 11 — DELAY TIME 
versus TEMPERATURE 


ty, DELAY TIME NORMALIZED 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — HIGH OUTPUT VOLTAGE 


2.0 


esau 
et 


14-— 


Vcc - VOH, (Vdc) 
3 


100 (2.0 5.0 10 20 50 100 


Isource(mA) 


FIGURE 9 — LOW OUTPUT 
VOLTAGE @ Vcc = 15 Vde 


VOL. (Vdc) 


0.0 
10 2.0 56 10 20 50 100 
ISINK, (mA) 


FIGURE 12 — PROPAGATION DELAY 


versus TRIGGER VOLTAGE 


G G1 6.2 6.3 0.4 
VT(min). MINIMUM TRIGGER VOLTAGE 
(X Vee = Vde) 
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FIGURE 13 — REPRESENTATIVE CIRCUIT SCHEMATIC 


THRESHOLD 
COMPARATOR 


ah 
a 


TRIGGER, “FLIP_FLOP 
COMPTR 


5 9 Control Voltage 


Threshold 60 


GENERAL OPERATION 


The MC1455 is a monolithic timing circuit which uses as its 
timing elements an external resistor — capacitor network. It 
can be used in both the monostable (one-shot) and astable 
modes with frequency and duty cycle controlled by the capac- 
itor and resistor values. While the timing is dependent upon 
the external passive components, the monolithic circuit pro- 
vides the starting circuit, voltage comparison and other func- 
tions needed for a complete timing circuit. Internal to the inte- 
grated circuit are two comparators, one for the input signal 
and the other for capacitor voltage; also a flip-flop and digital 
output are included. The comparator reference voltages are 
always a fixed ratio of the supply voltage thus providing output 
timing independent of supply voltage. 


Monostable Mode 

In the monostable mode, a capacitor and a single resistor 
are used for the timing network. Both the threshold terminal 
and the discharge transistor terminal are connected together 
in this mode, refer to circuit Figure 14. When the input voltage 
to the trigger comparator falls below 1/3 Vcc the comparator 
output triggers the flip-flop so that it’s output sets low. This 
turns the capacitor discharge transistor ‘off’ and drives the 
digital output to the high state. This condition allows the capac- 
itor to charge at an exponential rate which is set by the RC 
time constant. When the capacitor voltage reaches 2/3 Vcc the 
threshold comparator resets the flip-flop. This action dis- 
charges the timing capacitor and returns the digital output to 
the low state. Once the flip-flop has been triggered by an input 
signal, it cannot be retriggered until the present timing period 
has been completed. The time that the output is high is given 
by the equation t = 1.1 Ra €. Various combinations of R and 
C and their associated times are shown in Figure 16. The trigger 
pulse width must be less than the timing period. 


A reset pin is provided to discharge the capacitor thus inter- 
rupting the timing cycle. As long as the reset pinis low, the 
capacitor discharge transistor is turned ‘‘on’’ and prevents the 
capacitor from charging. While the reset voltage is applied the 
digital output will remain the same. The reset pin should be 
tied to the supply voltage when not in use. 


FIGURE 14 — MONOSTABLE CIRCUIT 


+Vcc (5 to 15 V) 


c 


MC1455 


5 medida 
O 


. Paldaee Control 
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GENERAL OPERATION (continued) 


FIGURE 15 — MONOSTABLE WAVEFORMS 


t = 50 us/cm 
(Ra = 10k2, C=0.01 uF, Ry = 1.0k2 , Vec = 15 V) 


FIGURE 17 — ASTABLE CIRCUIT 


*Vccl5 to 15 V) 


Ra 


Output 


7 Discharge 
O 


6 Threshold 
O 


5 


MC1455 
Trigger 


yoece oro 


2 
cr 


oth na 
a1 cv ww 


Astable Mode 


In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vec and 2/3 Vcc. See Figure 17. 


The external capacitor charges to 2/3 Vcc through Ra and Rg 
and discharges to 1/3 Vcc through Rg. By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by: ty = 0.695 (Ra+RB) C 
The discharge time (output low) by: tz = 0.695 (Rg) C 
Thus the total period is given by: T = ty + to = 0.695 (Ra+2Rpg) C 


1 = 1.44 
T (Rat2Rg)C 
and may be easily found as shown in Figure 19. 

RB 
Rat2Rg 
To obtain the maximum duty cycle Ra must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 

The minimum value of Ra is given by: 
Voc (Vde) — Voc (Vdc) 


17 (A) 0.2 


The frequency of oscillation is then: f 


The duty cycle is given by: DC = 


Ra = 


= 


FIGURE 16 — TIME DELAY 


C, CAPACITANCE (uF) 


1.0 10 


5 
a 


0 ms 100 ms 
td, TIME DELAY (s} 


FIGURE 18 — ASTABLE WAVEFORMS 
i ce == 


Output Voltage 
AO V/cm 


t= 20 ws/cm 


(Ra =5.1k9, C = 0.01 nF, RE =1.0k2; 
Rep = 3.9k2, Voc = 15 V) 


FIGURE 19 — FREE-RUNNING FREQUENCY 
100 


0.1 


C, CAPACITANCE (uF) 


0.01 


0.001 


i’ 
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10k 
f, FREE-RUNNING FREQUENCY (Hz) 
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APPLICATIONS INFORMATION 


Linear Voltage Ramp 


In the monostable mode, the resistor can be replaced by a con- 
stant current source to provide a linear ramp voltage. The capaci- 
tor still charges from 0 to 2/3 Vcc. The linear ramp time is given 
by ee 2 Vcc 


3 

Vcc - VB - VBE 
Re : 

then t can be made independent of Vcc. 


where | = 'f Vg is much larger than Vg_, 


FIGURE 20 — LINEAR VOLTAGE SWEEP CIRCUIT 


Vcc 


Digital 3 
Output 0 


MC1455 


Control 
0.01 Voltage 
LF L — 


FIGURE 21 — LINEAR VOLTAGE RAMP WAVEFORMS 
(Re = 10 kQ,R2 = 100 kO,R1 = 39 kQ,C = 0.01 uF,Vc¢ = 15 V) 


Output Vo!tage 
20 V cm 


Capacitor Voltage 


ae 
+ 


t= 100 ps/cem 


Missing Pulse Detector 


The timer can be used to produce an output when an input 
pulse fails to occur within the delay of the timer. To accomplish 
this, set the time delay to be slightly longer than the time between 
successive input pulses. The timing cycle is then continuously reset 
by the input pulse train until a change in frequency or a missing 
pulse allows completion of the timing cycle, causing a change in 
the output level. 


FIGURE 22 


+Vcc (5 to 15 V) 


Yec 


Discharge 
7 


Output 


Contror 
Voltage Cc 


Trigger 


2N4403 
or Equiv 


FIGURE 23 — MISSING PULSE DETECTOR WAVEFORMS 
(Ra = 2.0 kQ, Ry = 1.0 kO, C = 0.1 wF, Vcc = 15 V) 
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APPLICATIONS INFORMATION (continued) 


FIGURE 25 — PULSE WIDTH MODULATION WAVEFORMS 
(Ra = 10 kM, C = 0.02 pF, Vcc = 15 V) 


Pulse Width Modulation 
If the timer is triggered with a continuous pulse train in the 
monostable mode of operation, the charge time of the capacitor ? 
: : z E Modulation Input Voltage 

can be varied by changing the control voltage at pin 5. In this area aes 
ow] : : pamnanny 


manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 24 


+ Vec (5 to 15 V) 


O O 
Output t= 0.5 ms/cm 
Cc 
MC 1455 al 
Clock Modulation Test Sequences 

10 Input Several timers can be connected to drive each other for sequen- 
tial timing. An example is shown in Figure 26 where the sequence 
is started by triggering the first timer which runs for 10 ms. The 
output then switches low momentarily and starts the second timer 


which runs for 50 ms and so forth. 


FIGURE 26 
Vec (5 to 15 V) 


MC1455 


MC1455 


MC1455 


5.0 uF | 5.0 - 
e = mt Load 


MOTOROLA LINEAR/INTERFACE DEVICES 


11-10 


MOTOROLA 
= SEMICONDUCTOR EEE ety 


TECHNICAL DATA 


LINEAR FOUR-QUADRANT 
MONOLITHIC FOUR-QUADRANT MULTIPLIER MULTIPLIER INTEGRATED 


CIRCUIT 


. . . designed for use where the output voltage is a linear product of 
two input voltages. Typical applications include: multiply, divide, 
square root, mean square, phase detector, frequency doubler, balanced 
modulator/demodulator, electronic gain control. 

The MC1594/1494 is a variable transconductance multiplier with 
internal level-shift circuitry and voltage regulator. Scale factor, input 
offsets and output offset are completely adjustable with the use of four 
external potentiometers. Two complementary regulated voltages are 
provided to simplify offset adjustment and improve power-supply 
rejection. 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 


@ Operates With +15 V Supplies 


@ Excellent Linearity — Maximum Error (X or Y): + 0.5% (MC 1594) 
+ 1.0% (MC 1494) 


Frequency Response (3 dB Small-Signal) — 1.0 MHz CASE 620 
Power Supply Sensitivity — 30 mV/V typical 


@ Wide Input Voltage Range — +10 volts 

@ Adjustable Scale Factor, K (0.1 nominal) 

@ Single-Ended Output Referenced to Ground 1 L SUFFIX 

@ Simplified Offset Adjust Circuitry CERAMIC PACKAGE 
e 

e 


FOUR-QUADRANT TYPICAL LINEARITY ERROR 
MULTIPLIER TRANSFER CHARACTERISTIC versus TEMPERATURE 


Vo, OUTPUT VOLTAGE (VOLTS) 
Epx OR Epy, LINEARITY ERROR (%) 


0 +2.0 +40 
Vx, INPUT VOLTAGE (VOLTS) 


+100 +125 


Ta, AMBIENT TEMPERATURE (°C) 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 
Rating 


oe Supply Voltage 


Differential Input Signal 


+18 
~18 
+|6 +14Ry|<30 
+16+14Rx|<30 

4 


| Common-Mede Input Voltage 

Vemy = V9 = Ve VCMY 
Vomx = Vi0 = V13 

Power Dissipation (Package Limitation) 
Ta = +25°C 

Derate above Ta = +25°C 


+115 


—55 to +725 °C 


Operating Temperature Range MC1594 Ta 
MC1494 0 to +70 


—65 to +150 
ELECTRICAL CHARACTERISTICS (v+ = +15V,V~- = -15V,Ta = +25°C, R1 = 16kQ, Rx = 30 kO, Ry = 62 kQ, 
RL = 47 kQ, unless otherwise noted) 


Storage Temperature Range 


MC1594 MC1494 


Characteristic Fig. Symbol Min Typ Max Unit 
Linearity 1 Erx or Ery % 
Output error in Percent of full scale 
~10V < Vx < +10 V (Vy = +10 V) 
-10V <Vy < +10 V (Vx = +10 V) 
Ta = +25°C _ +0.3 +0.5 = +0.5 +1.0 
| TA = Thigh © a a es ee ee 
Ta = Tlow _ _ +0.8 _ oo +1.3 _ | 
Input 2,3,4 ai 
Voltage Range (Vx = Vy = Vin) Vin +10 _ _ + _— — Vpk 
Resistance (X or Y Input) Rin _ 300 = 300 _ MQ 
Offset Voltage (X Input) (Note 1) \Viox _ 0.1 1.6 0.2 2.5 Vv 
(Y Input) (Note 1) Vioy! = 0.4 1.6 0.8 2.5 
Bias Current (X or Y Input) Ib _ 0.5 1.5 1.0 2.5 pA 
Offset Current (X or Y Input) lliol — 28_| 160 50 400 nA | 
Output 3,4 
Voltage Swing Capability Vo +10 _ _— +10 _— — Vpk 
Impedance Ro _ 850 _ — 850 — kO. 
Offset Voltage (Note 1) \Vool —_— 0.8 1.6 —_— 1.2 2.5 Vv 
Offset Current {Note 1) | _ 17 34 —_ 25 52 BA 
Temperature Stability (Drift) 
TA = Thigh to Tlow 
Output Offset (X = 0, Y = 0) Voltage ITCVgol — 1.3 — — 1.3 — mvV/C 
Current [TClool _ 27 — _ 27 — nA’rc 
X Input Offset (Y ~ 0) ITCVioxl — 0.3 _ — 0.3 — | mvrc 
Y Input Offset (X = 0) ITCVioy| — 1.5 — — 1.5 — 
Scale Factor 0.07 _ _ 0.07 | _— %I°C 
Total de Accuracy Drift (X = 10, Y = 10) = _— 0.09 _— 
| Pynamic Response | 5 
Small Signal (3.0 dB) xX BW3 dB (X} E a = 08 = MHz 
Y BW3 dB (Y) _ 1.0 — _ 1.0 ~— 
Power Bandwidth (47 k) Paw = kHz 
3° Relative Phase Shift fd oes 
1% Absolute Error fo = 
Common Mode 6 
Input Swing (X or Y) CMV — Vpk 
Gain (X or Y) ACM —_ dB 
Power Supply 7 
Gurrant Ig+ = 6.0 9.0 — 6.0 12 | mAde 
la= — 6.5 9.0 — 6.5 12 
Quiescent Power Dissipation Pq ies 185 260 = 185 350 | mW 


Sensitivity st = 13 50 = 13 100 mvV/V 
= _ 30 100 iN: _ 30 200 
Regulated Offset Adjust Voltages 7 
Positive Vat +3.5 +4.3 +5.0 +3.5 +4.3 + 5.0 ba 


Negative VR 3.5 4.3 5.0 3.5 4.3 5.0 

Temperature Coefficient (VR + or VR—-) TCVR — 0.03 = _ 0.03 _ mv/°C 
Ee Supply Sensitivity (Va + or VR —) Spat .SR- as 0.6 _ —_ 0.6 — mv/V 
Note 1: Offsets can be adjusted to zero with external potentiomers. Thigh = + 125°C for MC1594 Tlow = —55°C for MC1594 


+70°C for MC1494 0°C for MC1494 
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TEST CIRCUITS 
FIGURE 1 — LINEARITY FIGURE 2 — INPUT RESISTANCE 


Adjust AL fora null inEg 


Ax =30k Ry = 62k 


MC1S94L 
{MC 1494L) 


20 Hz MC1594L 


{MC 1494L} MC 1556 
{MC 1456} 


MC 1556 
{MC 1456) 


Eoipeak) 


L ty, Error = 
inearity ror Esipeak) + 


FIGURE 4 — INPUT BIAS CURRENT/INPUT OFFSET 
FIGURE 3 — OFFSET VOLTAGES, GAIN CURRENT, OUTPUT RESISTANCE 


MC1594L MC1594L 
(MC 1494L} MC 1556 


(MC 1456) 


{MC 1494L) 


FIGURE 6 —- COMMON MODE 


30k 


W 


Vo 
MC 1594L MC 1S94L 
(MC 1494L) (MC 14941} 
CMVy 
(20 Hz) be 
82k 
FIGURE 8 — BURN-IN 
16k 1 16 
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O1uF 
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TYPICAL CHARACTERISTICS 
(Unless otherwise noted, Vt = +15 V, V7 =-15 V, R1 = 1692, Rx = 30k, Ry =62k2, RL =47k2, Tap = +25°C) 


FIGURE 9 — FREQUENCY RESPONSE OF Y INPUT FIGURE 10 — FREQUENCY RESPONSE OF 
versus LOAD RESISTANCE X INPUT versus LOAD RESISTANCE 


RELATIVE GAIN (d8) 


RELATIVE GAIN (dB 


{, FREQUENCY (Hz) f, FREQUENCY (He) 


FIGURE 11 — LARGE SIGNAL VOLTAGE versus FREQUENCY FIGURE 12 ~ LINEARITY versus Rx OR Ry WITH K = 1/10 


© with MC1556 Butler Op Ampl 
No Op-Ampl., Ry 


Vo. OUTPUT VOLTAGE (Vpp) 


Erx OR Epy, LINEARITY ERROR (°.) 


f, FREQUENCY (Hz 


FIGURE 13 — LINEARITY versus Rx OR Ry. WITH K = 1 FIGURE 14 — SCALE FACTOR (K) versus TEMPERATURE 
0.108 


3 0.106 
< 1/10 at 25°C 
= ee (0.104 
ac Qo 

= S 

7 < 0.10 
ec wa 

x BO: 
2 QoQ 

= ie 

> =< 9.098 
c 

a 

oc 

o 

x 

x 

w 
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a ao u : au ¥ Ta, AMBIENT TEMPERATURE (°C) 
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GENERAL INFORMATION 


CIRCUIT DESCRIPTION a ee _ 4% 
with the offset adjust circuits to virtually eliminate sensitivity 

Introduction of the offset voltage nulls to changes in supply voltage. 

The MC1594 is a monolithic, four-quadrant multiplier that As shown in Figure 15, the MC 1594 consists of a multiplier 

Operates on the principle of variable transconductance. It proper and associated peripheral circuitry to provide these 


features a single-ended current output referenced to ground features. 
and provides two complementary regulated voltages for use 


FIGURE 15 
(Recommended External Circuitry 1s Depicted With Dotted Lines) 


O lo 
(lp — la — Ig) 


DIFFERENTIAL : 
CURRENT 
CONVERTER 


FOUR QUADRANT 
MULTIPLIER 


CURRENT AND VOLTAGE 
REGULATOR 


4 
< 
> 
l 
> 
oe 
< 
Ea 


SIMPLIFIED CIRCUIT 
SCHEMATIC 


= +43V 


R1 $ 4" 
aye 


COMPLETE CIRCUIT 
SCHEMATIC 


eee eae ae Se eee = 
DIFFERENTIAL 
REGULATOR MULTIPLIER CURRENT CONVERTER 
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Regulator (Figure 15) 


The regulator biases the entire MC1594 circuit making it 
essentially independent of supply variation. It also provides 
two convenient regulated supply voltages which can be used 
in the offset adjust circuitry. The regulated output voltage 
at pin 2 is approximately +4.3 V while the regulated voltage 
at pin 4 is approximately -4.3 V. For optimum temperature 
stability of these regulated voltages, it is recommended that 
lal = [lgl = 1.0 mA (equivalent oad of 8.6 k92). As will be 
shown later, there will normally be two 20 k-ohm potenti- 
ometers and one 50 k-ohm potentiometer connected between 
pins 2 and 4. 

The regulator also establishes a constant current reference that 
controls afl of the constant current sources in the MC 1594. 
Note that all current sources are related to current !4 which 
is determined by R1. For best temperature performance, 
R1 should be 16 k$2. so that!4 ~ 0.5mA for ail applications. 


Multiplier (Figure 15) 

The multiplier section of the MC1594 (center section of 
Figure 15) is nearly identical to the MC1595 and is discussed 
in detail in Application Note AN-489, ‘Analysis and Basic 
Operation of the MC1595"". The result of this analysis is 
that the differential output current of the multiplier is given 
by: 


2Vx Vy 


tS Bale als 


Therefore, the output is proportional to the product of the 
two input voltages. 
Differential Current Converter (Figure 15) 


This portion of the circuitry converts the differential output 
current (Ia-lg) of the multiplier to a single-ended output 
current (Ig): 


lo=la-lp 


or 

2Vx Vy 
Oo RxRyly 

The output current can be easily converted to an output 

voltage by placing a load resistor R_ from the output (pin 

14) to ground (Figure 17) or by using an op-ampl. as a 

current-to-voltage converter (Figure 16). The result in both 

Circuits is that the output voltage is given by: 


2RL 
where K (scale factor) = AyRyly 


DC OPERATION 


Selection of External Components 


For low frequency operation the circuit of Figure 16 is 
recommended. For this circuit, Rx = 30 k92, Ry = 62 k82, 
R1 = 16 kQ2 and hence 11 ~0.5 mA. Therefore, to set the 
scale factor, K, equal to 1/10, the value of Ry, can be cal- 
culated to be: 


1 2RL 
10° RyRy!y 
P RxRyty (30k) (62k) (0.5 mA) 
L* (2)(10) ~ 20 
Ru = 46.5k 


Thus, a reasonable accuracy in scale factor can be achieved 
by making Ri_a fixed 47 k{2 resistor. However, if it is desired 


FIGURE 16 — TYPICAL MULTIPLIER CONNECTION 
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“R is not necessary if 
inputs are dc coupled. 
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that the scale factor be exact, Ry can be comprised of a 
fixed resistor and a potentiometer as shown in Figure 16. 
It should be pointed out that there is nothing magic about 
setting the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy input voitages are expected 
to be large, say +10 V. Obviously with Vx = Vy = 10 V and 
a scale factor of unity, the device could not hope to provide 
a 100 V output, so the scale factor is set to 1/10 and provides 
an output scaled down by a factor of ten. For many applica- 
tions it may be desirable to set K = 1/2 or K = 1 or even 
K = 100. This can be accomplished by adjusting Rx, Ry 
and Ry appropriately. 

The selection of R, is arbitrary and can be chosen after 
resistors Rx and Ry are found. Note in Figure 16 that Ry 
is 62 kQ while Rx is 30 kN. The reason for this is that the 
“yY" side of the multiplier exhibits a second order non- 
linearity whereas the ‘'X"’ side exhibits a simpie non-linearity. 
By making the Ry resistor approximately twice the value 
of the Ry resistor, the linearity on both the ‘X"’ and “Y" 
sides are made equal. The selection of the Rx and Ry 
resistor values is dependent upon the expected amplitude of 
Vx and Vy inputs. To maintain a specified linearity, 
resistors Rx and Ry should be selected according to the 
following equations: 


Rx 23 Vy (max) in k92 when Vx is in voits 
Ry 26 Vy (max) in kQ when Vy is in volts 


For example, if the maximum input on the '’X”’ side is 
+1 volt, resistor Rx can be selected to be 3kS2. If the max- 
imum input on the ‘’Y"’ side is also +1 voit, then resistor 
Ry can be selected to be 6 k§2 (6.2 k{2 nominal value). Ifa 
scale factor of K = 10 is desired, the load resistor is found to 
be 47 kQ. In this example, the multiplier provides a gain 
of 20 dB. 


Operational Amplifier Selection 


The operational amplifier connection in Figure 16 is a simple 
but extremely accurate current-to-voltage converter. The 
Output current of the multiplier flows through the feedback 
resistor Ry to provide a low impedance output voltage from 
the op-ampl. Since the offset current and bias currents of 
the op-ampl. will cause errors in the output voltage, particu- 
larly with temperature, one with very low bias and offset cur- 
rents is recommended. The MC1556/MC 1456 or MC1741/ 
MC1741C are excellent choices for this application. 


Since the MC1594 is capable of operation at much higher 
frequencies than the op-ampl., the frequency characteristics 
of the circuit in Figure 16 will be primarily dependent upon 
the op-ampl. 


Stability 


The current-to-voltage converter mode is a most demanding 
application for an operational amplifier. Loop gain is at its 
maximum and the feedback resistor in conjunction with 
stray or input capacitance at the multiplier output adds addi- 
tional phase shift. It may therefore be necessary to add 
(particularly in the case of internally compensated op-amp!s. } 
a small feedback capacitor to reduce loop gain at the higher 
frequencies. A value of 10 pF in paratlel with Ry should be 
adequate to insure stability over production and temperature 
variations, etc. 

An externally compensated op-amp!. might be employed 
using slightly heavier compensation than that recommended 
for unity-gain operation. 


Offset Adjustment 


The non-inverting input of the op-ampl. provides a convenient 
point to adjust the output offset voltage. By connecting this 
point to the wiper arm of a potentiometer (P3}, the output 


offset voltage can be adjusted to zero (see offset and scale 
factor adjustment procedure). 

The input offset adjustment potentiometers, P1 and P2 will 
be necessary for most applications where it is desirable to 
take advantage of the muitiplier’s excellent linearity char- 
acteristics. Depending upon the particular application, some 
of the potentiometers can be omitted (see Figures 17, 19, 
22, 24 and 25}. 


Offset and Scale Factor Adjustment Procedure 
The adjustment procedure for the circuit of Figure 16 is: 
A. X Input Offset 
(a) connect oscillator (1 kHz, 5 Vop sinewave} to the “Y"’ 
input (pin 9) 
(b) connect ‘’X" input (pin 10) to ground 
(c) adjust X-offset potentiometer, P2 for an ac null at 
the output 
B. Y Input Offset 
(a) connect oscillator (1 kHz, 5 Vpp sinewave} to the ‘'X”’ 
input (pin 10) 
(b) connect ‘’Y"’ input (pin 9) to ground 
(c) adjust Y-offset potentiometer, P1 for an ac null at 
the output 


C. Output Offset 
(a) connect both “'X"’ and ““Y"’ inputs to ground 


{b) adjust output offset potentiometer,P3, until the out- 
put voltage Vo, is zero volts dc 


D. Scale Factor 
(a) apply +10 Vdc to both the 'X"” and "'Y"' inputs 
(b) adjust P4 to achieve -10.00 V at the output 


{c) apply -10 Vdc to both ’’X"' and "’Y"' inputs and check 
for Vo = -10.00 V 


€. Repeat steps A through D as necessary. 


The ability to accurately adjust the MC1594 is dependent 
on the offset adjust potentiometers. Potentiometers should 
be of the “‘infinite’’ resolution type rather than wirewound. 
Fine adjustments in balanced-modulator applications may 
require two potentiometers to provide “coarse” and ‘‘fine”’ 
adjustment. Potentiometers should have iow temperature 
coefficients and be free from backlash. 


Temperature Stability 


While the MC 1594 provides excellent performance in itself, 
overall performance depends to a large degree on the quality 
of the external components. Previous discussion shows the 
direct dependence on Rx, Ry, and Ri and indirect depend- 
ence on R14 (through 14). Any circuit subjected to tempera- 
ture variations should be evaluated with these effects in mind. 


Bias Currents 


The MC 1594 multiplier, tike most linear IC’s, requires adc 
bias current into its input terminals. The device cannot be 
capacitively coupled at the input without regard for this bias 
current. If inputs Vy and Vy are able to supply the small bias 
current (= 0.5 wA) resistors, R (Figure 16) can be omitted. 
{f the MC1594 is used in an ac mode of operation and 
capacitive coupling is used the value of resistor R can be any 
reasonable value up to 100 kl. For minimum noise and 
optimum temperature perfermance, the value of resistor R 
should be as low as practical. 


Parasitic Oscillation 


When long !eads are used on the inputs, oscillation may occur. 
In this event, an RC parasitic suppression network similar to 
the ones shown in Figure 16 should be connected directly 
to each input using short leads. The purpose of the network 
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is to reduce the ‘‘Q”’ of the source-tuned circuits which cause 
the oscillation. 

Inability to adjust the circuit to within the specified accuracy 
may be an indication of oscillation. 


AC OPERATION 


General 


For ac operation, such as balanced modulation, frequency 
doubler, AGC, etc., the op-amp!. will usually be omitted as 
well as the output offset adjust potentiometer. The output 
offset adjust potentiometer is omitted since the output will 
normally be ac-coupled and the dc voltage at the output is 
of no concern providing it is close enough to zero volts that 
it will not cause clipping in the output waveform. Figure 17 


FIGURE 17 — WIDEBAND MULTIPLIER 


3k 6.2k +1H5V -15V 


MC1594L 
(MC1494L) 


eximax) = ey(max)= 1V 


shows a typical ac multiplier circuit with a scale factor K 1. 
Again, resistor Rx and Ry are chosen as outlined in the 
previous section, with Ry chosen to provide the required 
scale factor. 

The offset voltage then existing at the output will be equal to 
the offset current times the load resistance. The output off- 
set current of the MC1594 is typically 17 uA and 35 wA 
maximum. Thus, the maximum output offset would be 
about 160 mV. 


Bandwidth 


The bandwidth of the MC1594 is primarily determined by 
two factors. First, the dominant pole will be determined by 
the load resistor and the stray capacitance at the output 
terminal. For the circuit shown in Figure 17, assuming a 
total output capacitance (Co) of 10 pF, the 3 d8 bandwidth 
would be approximately 3.4 MHz. If the load resistor were 
47 kQ, the bandwidth would be approximately 340 kHz. 


Secondly, a ‘‘zero” is present in the frequency response 
characteristic for both the ’X" and “Y"’ inputs which causes 
the output signal to rise in amplitude at a 6 dB/octave slope 
at frequencies beyond the breakpoint of the ‘zero’. The 
“zero” is caused by the parasitic and substrate capacitance 
which is related to resistors Rx and Ry and the transistors 
associated with them. The effect of these transmission 


“zeros” is seen in Figures 9 and 10. The reason for this 
increase in gain is due to the bypassing of Ry and Ry at 
high frequencies. Since the Ry resistor is approximately 
twice the value of the Rx resistor, the zero associated with 
the ‘‘Y” input will occur at approximately one octave below 
the zero associated with the "X"’ input. For Rx = 30 kQ and 
Ry = 62 kQ, the zeros occur at 1.5 MHz for the ‘’X” input 
and 700 kHz for the ‘‘Y‘' input. These two measured break- 
points correspond to a shunt capacitance of about 3.5 pF. 
Thus, for the circuit of Figure 17, the ‘’X"’ input zero and 
“Y" input zero will be at approximately 15 MHz and 
7 MHz respectively. 

It should be noted that the MC1594 multiplies in the time 
domain, hence, its frequency response is found by means 
of complex convolution in the frequency (Laplace) domain. 
This means thatif the ‘’X”’ input does not involve afrequency, 
it iS not necessary to consider the ‘’X"’ side frequency 
response in the output product. Likewise, for the ‘'Y” side. 
Thus, for applications such as a wideband linear AGC ampli- 
fier which has a dc voltage as one input, the multiplier fre- 
quency response has one zero and one pole. For applications 
which involve an ac voltage on both the ''X"’ and "'Y"' side, 
such as a balanced modulator, the product voltage response 
will have two zeros and one pole, hence, peaking may be 
present in the output. 

From this brief discussion, it is evident that for ac applica- 
tions; (1) the value of resistors Rx, Ry and R, should be 
kept as small as possible to achieve maximum frequency 
response, and (2) it is possible to select a load resistor Ry 
such that the dominant pole (RL, Cg) cancels the input zero 
(Rx. 3.5 pF or Ry. 3.5 pF) to give a flat amplitude character- 
istic with frequency. This is shown in Figures 9 and 10. 
Examination of the frequency characteristics of the ‘’X”’ 
and “Y’’ inputs will demonstrate that for wideband amplifier 
applications, the best tradeoff with frequency response and 
gain is achieved by using the “Y”’ input for the ac signal. 
For ac applications requiring bandwidths greater than those 
specified for the MC1594, two other devices are recom- 
mended. For modulator-demodulator applications, the 
MC1596 may be used up to 100 MHz. For wideband multi- 
plier applications, the MC 1595 (using small collector toads 
and ac coupling) can be used. 


Slew-Rate 


The MC1594 multiplier is not slew-rate limited in the ordi- 
nary sense that an op-ampl. is. Since all the signals in the 
multiplier are currents and not voltages, there is no charging 
and discharging of stray capacitors and thus no limitations 
beyond the normal device limitations. However, it should 
be noted that the quiescent current in the output transistors 
is 0.5 mA and thus the maximum rate of change of the out- 
put voltage is limited by the output load capacitance by 
the simple equation: 
AVo !'o 


iT bai —— = 
Slew- Rate AT Cc 


Thus, if Cg is 10 pF, the maximum slew-rate would be: 
AVo 05x 1073 


= 50 V/us 
4T 10x 10712 


This can be improved if necessary by addition of an emitter- 
follower or other type of buffer. 


Phase-Vector Error 

All multipliers are subject to an error which is known as the 
phase-vector error. This error is a phase error only and does 
not contribute an amplitude error per se. The phase-vector 
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error is best explained by an example. If the ‘’X"’ input is 
described in vector notation as 


x=AX 0° 
and the ‘‘Y”’ input is described as 
Y=B X 0° 
then the output product would be expected to be 
Vo =AB X 0° (see Figure 18) 


However, due to a relative phase shift between the ‘’X"’ and 
“Y" channels, the output product will be given by 


Vo=ABX 


Notice that the magnitude is correct but the phase angle of 
the product is in error. The vector, V, associated with this 
error is the “phase-vector error’’. The startting fact about 
the phase-vector error is that it occurs and accumulates much 
more rapidly than the amplitude error associated with fre- 
quency response. !n fact, a relative phase shift of only 0.572 
will result in a 1% phase-vector error. For most applications, 
this error is meaningless. !f phase of the output product is 
not important, then neither is the phase-vector error. If 
phase is important, such as in the case of double sideband 
modulation or demodulation, then a 1% phase-vector error 
will represent a 1% amplitude error at the phase angle 
of interest. 


FIGURE 18 — PHASE-VECTOR ERROR 


X= AY 00 
Y=Bx 00 


AB 40° 


Circuit Layout 


\f wideband operation is desired, careful circuit layout must 
be observed. Stray capacitance across Rx and Ry should be 
avoided to minimize peaking (caused by a zero created by 
the parallel RC circuit). 


DC APPLICATIONS 
Squaring Circuit 


If the two inputs are connected together, the resultant 
function is squaring: 


Vo = Kv2 


where K is the scale factor (see Figure 19). 


However, a more careful look at the multiplier’s defining 
equation will provide some usefu! information. The output 
voltage, without initial offset adjustments is given by: 


Vo=K(Vx + Viox -Vx aff) (Vy + Vioy - Vy off) + Voo 


(See ‘’Definitions’’ for an explanation of terms). 
With Vx = Vy = V (squaring) and defining 


€x = Viox - Vx off 
ey = Vioy - Vy off 
The output voltage equation becomes 
Vo=K V2 + KVx (ex + ey) + Kexey + Voo 


This shows that all error terms can be eliminated with only 
three adjustment potentiometers, eliminating one of the in- 
put offset adjustments. For instance, if the ‘’X’’ input offset 
adjustment is eliminated, €, is determined by the internal 
offset, Vigx. but ey is adjustable to the extent that the 
(€x + ey) term can be zeroed. Then the output offset adjust- 
ment is used to adjust the Vo term and thus zero the remain- 
ing error terms. An ac procedure for nulling with three 
adjustments is: 


A. AC Procedure: 

1. Connect oscillator (1 kHz, 15 Vpp) to input 

2. Monitor output at 2 kHz with tuned voltmeter and 
adjust P4 for desired gain (Be sure to peak response 
of voltmeter) 

3. Tune voltmeter to 1kHz and adjust P1 for aminimum 
Output voltage 

4. Ground input and adjust P3 (output offset) for zero 
volts dc out 

5. Repeat steps 1 through 4 as necessary. 


FIGURE 19 — MC1594 SQUARING CIRCUIT 
+18 V 


MC1S94L 
(MC 14941) 


10 pF 


510 


OUTPUT 
OFFSET 


INPUT 
OFFSET 


15 V 


MC1556G 
{MC 1456G) 
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B. DC Procedure: 


1. Set Vx = Vy = 0 V and adjust P3 (output offset 
potentiometer) such that Vo = 0.0 Vdc 


2. Set Vx = Vy = 1.0 V and adjust P1 (Y input offset 
potentiometer) such that the output voltage is 
-0.100 voits 


3. Set Vx = Vy = 10 Vdc and adjust P4 (load resistor) 
such that the output voltage is -10.00 volts 


4. Set Vx = Vy = -10 Vde and check that Vo = -10V 
Repeat steps 7 through 4 as necessary. 

Divide 
Divide circuits warrant a special discussion as a result of their 
special problems. Classic feedback theory teaches that if a 
multiplier is used as a feedback element in an operational 
amplifier circuit, the divide function results. Figure 20 illus- 
trates the theoretical simplicity of such an approach and a 
practical realization is shown in Figure 21. 
The characteristic ‘‘failure’’ mode of the divide circuit is 
latch-up. One way it can occur is if Vy is allowed to go 
Negative Or, in some cases, if Vx approaches zero. 
Figure 20 illustrates why this is so. For Vy > 0 the transfer 
function through the multiplier is non-inverting. Its output 
is fed to the inverting input of the op-ampl. Thus, operation 
is in the negative feedback mode and the circuit is dc stable. 


FIGURE 20 — BASIC DIVIDE CIRCUIT USING MULTIPLIER 


K Vx Vy 
VZ=-KVxVy 


MC 15944 
(MC 1494L)} 


v2 
Vo 


Should Vy change polarity, the transfer function through 
the multiplier becomes inverting, the amplifier has positive 
feedback and latch-up results. The problem resulting from 
Vx being near zero is a result of the transfer through the 
multiplier being near zero. The op-ampi. is then operating 
with a very high closed loop gain and error voltages can thus 
become effective in causing latch-up. 

The other mode of fatch-up results from the output voltage 
of the op-ampl. exceeding the rated common-mode input 
voltage of the multiplier. The input stage of the multiplier 
becomes saturated, phase reversal results, and the circuit is 
latched up. The circuit of Figure 21 protects against this 
happening by clamping the output swing of the op-ampl. to 
approximately + 10.7 volts. Five-percent tolerance, 10-volt 
zeners are used to assure adequate Output swing but still 
limit the output voltage of the op-ampl. from exceeding the 
common-mode input range of the MC1594. 

Setting up the divide circuit for reasonably accurate opera- 
tion is somewhat different from the procedure for the 
multiplier itself. One approach, however, is to break the 
feedback loop, null out the multipfier circuit, and then close 
the loop. 

A simpler approach, since it does not involve breaking the 
loop (thus making it more practical on a production basis), is: 


1. Set Vz = 0 volts and adjust the output offset potentio- 
meter (P3) until the output voltage (Vo) remains at 
some (not necessarily zero) constant value as Vx is varied 
between +1.0 volt and +10 volts. 

2. Maintain Vz at 0 volts, set Vx at +10 volts and ad- 
just the Y input offset potentiometer (P1) until Vo = 0 
volts. 

3. With Vx = Vz, adjust the X input offset potentiometer 
(P2) until the output voltage remains at some (not nec- 
essarily - 10 voits) constant value as V2 = Vx is varied 
between +1.0 volt and +10 volts. 

4. Maintain Vx = Vz and adjust the scale factor potentio- 
meter (R_) until the average value of Vg is - 10 volts as 
Vz = Vx is varied between +1.0 volt and +10 volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti- 
mum performance. 


Users of the divide circuit should be aware that the accuracy 
to be expected decreases in direct proportion to the denomi- 


FIGURE 21 — PRACTICAL DIVIDE CIRCUIT 
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FIGURE 22 — BASIC SQUARE ROOT CIRCUIT 


MC1594L 


Kvg2 (MC 1494L) 
KVg2=- YZ 
OR 
1V2' 
Vo = a 
Q K 
vz<0V 
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nator voltage. As a result, if Vx is set to 10 volts and 0.5% 
accuracy is available, then 5% accuracy can be expected 
when Vx is only 1 volt. 


In accordance with an earlier statement, Vx may have only 
one polarity, positive, while V7 may be either polarity. 


Square Root 


A special case of the divide circuit in which the two inputs 
to the multiplier are connected together results in the square 
root function as indicated in Figure 22. This circuit too 
may suffer from latch-up problems similar to those of the 
divide circuit. Note that only one polarity of input is allowed 
and diode clamping (see Figure 23) protects against accidental 
latch-up. 


This circuit too, may be adjusted in the closed-loop mode: 


1. Set Vz = -0.01 Vde and adjust P3 (output offset) for 
Vo = 0.316 Vdc. 


2. Set Vz to -0.9 Vdc and adjust P2 ("X"’ adjust} for Vg = 
+3 Vde. 


3. Set Vz to -10 Vde and adjust P4 (gain adjust) for Vo = 
+10 Vdc. 


Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 


Note: Operation near zero volts input may prove very in- 
accurate, hence, it may not be possible to adjust Vo 
to 0 but rather only to within 100 to 400 mV of zero. 


AC APPLICATIONS 


Wideband Amplifier With Linear AGC 


If one input to the MC1594 is a dc voltage and a signal 
voltage is applied to the other input, the amplitude of the 
output signal can be controlled in a tinear fashion by varying 
the dc valtage. Hence, the multiplier can function as a dc 
coupled, wideband amplifier with linear AGC control. 

In addition to the advantage of Linear AGC control, the 
multiplier has three other distinct advantages over most other 
types of AGC systems. First, the AGC dynamic range is 
theoretically infinite. This stems from the basic fact that 
with zero volts dc applied to the AGC, the output will be 
zero regardless of the input. In practice, the dynamic range 
is limited by the ability to adjust the input offset adjust 
potentiometers. By using cermet multi-turn potentiometers, 
a dynamic range of 80 dB can be obtained. The second 
advantage of the multiplier is that variation of the AGC volt- 
age has no effect on the signal handling capability of the 
signal port, nor does it alter the input impedance of the 
signal port. This feature is particularly important in AGC 
systems which are phase sensitive. A third advantage of the 
multiplier is that the output-voltage-swing capability and 
output impedance are unchanged with variations in AGC 
voltage. 

The circuit of Figure 24 demonstrates the tinear AGC ampli- 
fier. The amplifier can handle 1 V(rms) and exhibits a gain 
of approximately 20 dB. It is AGC’d through a 60 dB 
dynamic range with the application of an AGC voltage from 
O Vde to 1 Vdc. The bandwidth of the amplifier is deter- 
mined by the load resistor and output stray capacitance. For 
this reason, an emitter-follower buffer has been added to 
extend the bandwidth in excess of 1 MHz. 


Balanced Modulator 
When two-time variant signals are used as inputs, the result- 


FIGURE 23 — SQUARE ROOT CIRCUIT 


10 pF 


MC1594L 
(MC1494L) 


ASV +18V 


1N962B = 

(1N5241B) 
(WV) 

OR EQUIV 

Vo 


Vo = ¥10 121 


-10V<V¥z2<0V 


MOTOROLA LINEAR/INTERFACE DEVICES 


11-21 


MC1494L, MC1594L 


ing Output is suppressed-carrier double-sideband modulation. 
tn terms of sinusoidal inputs, this can be seen in the following 
equation: 


Vo =K(e4 caswmt) (e2 coswet) 


where wy is the modulation freyuency and we is the carrier 
frequency. This equation can be expanded to show the 
suppressed Carrier or balanced modulation: 
Ke e2 
o7 2 


[cos(we + wm) t + cos (we - wm)t) 


Unlike many modulation schemes, which are non-linear in 
nature, the modulation which takes place when using the 
MC 1594 is linear. This means that for two sinusoidal inputs, 
the output will contain only two frequencies, the sum and 
difference, as seen in the above equation. There will be no 
spectrum centered about the second harmonic of the carrier, 
or any multiple of the carrier. For this reason, the filter 
requirements of a modulation system are reduced to the 
minimum. Figure 25 shows the MC1594 configuration to 
perform this function. 


FIGURE 24 — WIDEBAND AMPLIFIER 
WITH LINEAR AGC 
-15V +15V 


2N3946 
(2N3904) 


MC1594L 
(MC 1494L) 


Notice that the resistor values for Rx, Ry, and Ri have 
been modified. This has been done primarily to increase the 
bandwidth by lowering the output impedance of the MC 1594 
and then lowering Rx and Ry to achieve a gain of 1. The 
@c can be as large as 1 volt peak and e,, as high as 2 volts 


peak. No output offset adjust is employed since we-are 
interested only in the ac output components. 


The input R’s are used to supply bias current to the multi- 
plier inputs as well as provide matching input impedance. 
The output frequency range of this configuration is deter- 
mined by the 4.7 k ohm output impedance and capacitive 
loading. Assuming a 6 pF load, the small-signal bandwidth 
is 5.5 MHz. 

The circuit of Figure 25 will provide atypical carrier rejection 
of >70 dB from 10 kHz to 1.5 MHz. 


OR EQuiv 


FIGURE 25 — BALANCED MODULATOR 
+15V -15V 
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The adjustment procedure for this circuit is quite simple. 
(1) Place the carrier signal at pin 10. With no signal 
applied to pin 9, adjust potentiometer P1 such that an ac 
null is Obtained at the output. 

(2) Place a modulation signal at pin 9. With no signal 
applied to pin 10, adjust potentiometer P2 such that an ac 
null is obtained at the output. 

Again, the ability to make careful adjustment of these offsets 
will be a function of the type of potentiometers used for 
P1 and P2. Multiple turn cermet type potentiometers are 
recommended. 


Frequency Doubler 
If for Figure 25 both inputs are identical; 


em = &c = Ecosut 


Then the output is given by 


2 


Co = &mec = E2 cos*ut 


which reduces to 


E2 
®o- > (1 + cos2ut) 


This equation states that the output will consist of a dc term 
equal to one half the peak voltage squared and the second 
harmonic of the input frequency. Thus, the circuit acts as a 
frequency doubler. Two facts about this circuit are worthy 
of note. First, the second harmonic of the input frequency 
is the only frequency appearing at the output. The funda- 
mental does not appear. Second, if the input is sinusoidal, 
the output wil! be sinusoidal and requires no filtering. 


The circuit of Figure 25 can be used as a frequency doubler 
with input frequencies in excess of 2 MHz. 
Amplitude Modutator 


The circuit of Figure 25 is also easily used as an amplitude 
modulator. This is accomplished by simply varying the input 
offset adjust potentiometer (P1) associated with the modu- 
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lation input. This procedure places a dc offset on the modu- 
lation input of the multiplier such that the carrier still passes 
thru the muitiplier when the modulating signal is zero. 
The result is amplitude modulation. This is easily seen by 
examining the basic mathematical expression for amplitude 
modulation given below. For the case under discussion, 
with K = 1, 


Cg = (E + Ep COSWmt) (Ec Coswet) 


where E is the dc input offset adjust voltage. This expression 
can be written as: 


Cg = Eg [1+ Mcoswet] coswet 


where Eo = EE 


Em 
and M = EE = modulation index 


This is the standard equation for amplitude modulation. 
From this, it is easy to see that 100% modulation can be 
achieved by adjusting the input offset adjust voltage to be 
exactly equal to the peak value of the modulation, E,,. This 
is done by observing the output waveform and adjusting the 
input offset potentiometer, P1, until the output exhibits the 
familiar amplitude modulation waveform. 


Phase Detector 


If the circuit of Figure 25 has as its inputs two signals of 
identical frequency but having a relative phase shift the out- 
put will be a dc signal which is directly proportional to the 
cosine of phase difference as well as the double frequency 
term. 


@c = Ep coswet 

em = Em cosluet +o) 

@g = &c€m 7 EcEmcoswet cosluct +H) 

EcEm 
2 


or eo = [cose + cosl2uet +o] 


The addition of a simple low pass fiiter to the output (which 
eliminates the second cosine term) and return of Ry to an 
offset adjustment potentiometer will result in a dc output 
voltage which is proportional to the cosine of the phase dif- 
ference. Hence, the circuit functions as a synchronous 
detector. 


DEFINITIONS OF SPECIFICATIONS 


Because of the unique nature of a multiplier, t.e., two inputs 
and one output, Operating specifications are difficult to 
define and interpret. Indeed the same specification may be 
defined in several completely different ways depending upon 
which manufacturer is doing the defining. In order to clear 
up some of this mystery, the following definitions and 
examples are presented. 


Multiplier Transfer Function 


The output of the multiplier may be expressed by this 
equation: 


Vo =K(Vx t Viox -Vx oft) (Vy t Vioy -Vy off) t Voo (1) 


where K = scale factor (see 6.5) 


Vy = x’ input voltage 

Vy = “y"™ input voltage 
Viox = 'x"' input offset voltage 
Vioy = ‘y” input offset voltage 


Vx off = x" input offset adjust voltage 


X Offset 


Vy off = “vy” input offset adjust voltage 
Voo = Output offset voltage 


The voltage transfer characteristic below indicates “X"’, “Y” 
and output offset voltages. 


FIGURE 26 


Vo 


Qutput Output 


Otfset 


vx 


Y Offset 


‘Vy + WV) Vy 


Linearity 

Linearity 1s defined to be the maximum deviation of Output 
voltage from a straight line transfer function. It is expressed 
as a percentage of full-scale output and ts measured for Vy 
and Vy separately either using an ’X-Y"’ plotter (and checking 
the deviation from a straight line) or by using the method 
shown in Figure 1. The latter method nulls the output signal 
with the input signal, resulting in distortion components 
proportional to the linearity. 


Example: 0.35% linearity means 


VxVy 
10 


Voz + (0.0035) (10 volts) 


Input Offset Voitage 


The input offset voltage is defined from Equation (1). It is 
measured for V, and Vy separately and 1s defined to be that 
dc input offset adjust voltage ("’x"’ or ‘‘y’’) that will result in 
minimum ac Output when ac (5 Vpp, t kHz) is applied to the 
other input ('y” or “x” respectively). From Equation(1) 
we have 


Votac) = K (0+ Viox -Vx off) (sinest) 
adjust Vy off 80 that (+ Vioy -Vx off) = 0. 


Output Offset Current and Voltage 


Output offset current (Igo) is the dc current flowing in the 
output lead when Vy = Vy =Qand 'X"'and "Y" offset volt- 
ages are adjusted to Zero. 


Output offset voltage (Vgo) is: 
Voo = !oo RL 
where R__ Is the load resistance. 
Note: Output offset voltage is defined by many manufac: 
turers with all inputs at zero but without adjusting 
"xX" and “Y"' offset voltages to zero. Thus it includes 
input offset terms, an output offset term and a scale 
factor term. 
Scale Factor 
Scale factor is the K term in Equation (1). It determines the 
“gain” of the multiplier and is expressed approximately by 
the following equation. 
2RL 


kT 
= a, Ryh where Ry and Ry >> an 


and 14 is the current out of pin 1. 
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Fotal DC Accuracy 


The total de accuracy of a multiplier is defined as error in 
multiplier output with de (+10 Vdc) applied to both inputs 
it is expressed as a percent of full scale. Accuracy is not 
specified for the MC 1594 because error terms can be nulled 
by the user. 


Temperature Stability (Drift) 


Each term defined above will havea finite drift with tempera 
ture. The temperature specifications are obtained by re- 
adjusting the multiplier offsets and scale factor at each new 
temperature (see previous definitions and the adjustment 
procedure) and noting the change. 

Assume inputs are grounded and initial offset voltages have 
been adjusted to zero. Then output voltage drift is given by 


“Vo = £[KEK (TCK) (°T) 1 (TCVigy) (27) 1 [ (TCVigy) 
(\T) } # (TCV gg) (27) 


Total OC Accuracy Drift 


This is the temperature drift in output voltage with 10 volts 
applied to each input. The output ts adjusted to 10 volts at 
Ta = +25°C. Assuming initial offset voltages have been 
adjusted to zero at Ta = +25°C, then: 


Vo = (K#K (TCK) (T) 1 (10 # (TCVigx) (TI J 110 + 
(TCVioy) (eT) ] £ (TCVg9) (T) 


Power Supply Rejection 


Variation in power supply voltages will cause undesired 
variation of the output voltage. It is measured by super- 
imposing a 1-volt, 100-Hz signal on each supply (+15 V) 
with each input grounded. The resulting change in the out- 
put is expressed in mV/V. 


Output Voltage Swing 


Output voltage swing capability is the maximum output 
voltage swing (without clipping) into a resistive load (note- 
Output offset is adjusted to zero} 

If an op-ampl. is used, the multiplier output becomes a virtual 


ground — the swing is then determined by the scale factor 
and the op-ampl. selected. 
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WIDEBAND MONOLITHIC 
FOUR-QUADRANT MULTIPLIER 
LINEAR FOUR-QUADRANT 


MULTIPLIER 


. . . designed for uses where the output is a linear product of two 
input voltages. Maximum versatility is assured by allowing the user 
to select the level shift method. Typical applications include: multi- 
ply, divide*, square root*, mean square”, phase detector, frequency SILICON MONOLITHIC 
doubler, balanced modulator/demodulator, electronic gain control. INTEGRATED CIRCUIT 


*When used with an operational amplifier. 


e@ Wide Bandwidth 


@ Excellent Linearity — 1% max Error on X-Input, 2% max Error on 
Y-Input — MC1595L 


@ Excellent Linearity — 2% max Error on X-Input, 4% max Error on 


Y-Input — MC1495L D SUFFIX 
Adj bce eatavp ues K P PLASTIC PACKAGE 
® justable Scale Factor, a. 
14 bards ae 
@ Excellent Temperature Stability 1 (SO-14) 
@ Wide Input Voltage Range — + 10 Volts 
@ + 15 Volt Operation L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
FIGURE 1 — FOUR-QUADRANT 
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH 
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= > 
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FIGURE 3 — CIRCUIT SCHEMATIC 
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ELECTRICAL CHARACTERISTICS (v+ = +32V,V~ = -15V,Ta = +25°C, Ig = 143 = 1.0 mA, Rx = Ry = 15kQ, 
RL = 11 kQ unless otherwise noted) 


Characteristic [Figure [symbo!| min | Typ | Max | Unit | 
Linearity: 


Output Error in Percent of Full Scale: 
Ta = +25°C 


-10 < Vx < +10 (Vy = +10V) MC1495 

MC1595 

-10 < Vy < +10(Vx = +10 V) MC1495 

MC1595 

Ta = Oto +70°C MC1495 
-10< Vx < +10 (Vy = +10 V) 


-10<Vy < +10 (Vx = +10 V) 
Ta = —55°C to + 125°C MC1595 
~10 < Vx < +10 (Vy = +10 V) 
-10 <Vy < +10 (Vx = +10 V) 


Squaring Mode Error: 
Accuracy in Percent of Full Scale After 
Offset and Scale Factor Adjustment 
Ta = +25°C MC1495 
MC1595 
Oto +70°C MC1495 
— 55°C to + 125°C MC1595 


& 


TA 
Ta 


MC1495 


Scale Factor (Adjustable) K 
— —2RL 
(= Tg Rx Ry’ 
input Resistance MC1495 7 RINX 30 MQ 
(f = 20 Hz) MC1595 35 
RiINY 20 
35 


EE : : 
=: = 


MC1595 
Differential Output Resistance (f = 20 Hz) 8 Ro — 300 kQ 
Input Bias Current 
ieee Iby = (lq + Ig) MC1495 
2 2 MC1595 


MC1495 
MC1595 


Input Offset Current 


\lg — 149} MC1495 
MC1595 
lla — Igl MC1495 
MC1595 


Average Temperature Coefficient of nA’rc 
Input Offset Current 
(Ta = Oto +70°C) MC1495 
(Ta = —55°C to +125°C) MC1595 

Output Offset Current MC1495 pA 
14 -!2] MC1595 

Average Temperature Coefficient of nA°C 


Output Offset Current 
(Ta = Oto +70°C) MC1495 
(Ta = —55°C to +125°C) MC1595 


Frequency Response 
3.0 dB Bandwidth, RL = 11 kN 
3.0 dB Bandwidth, Rp = 50 © (Transconductance Bandwidth) 
3° Relative Phase Shift Between Vx and Vy 

1% Absolute Error Due to Input-Output Phase Shift 


Common Mode Input Swing MC1495 
(Either Input) MC1595 


MC1495 
MC1595 


Vdc 


Common Mode Gain 
(Either Input) 


E 
a 

> 
io) 
= 
1 
aL 
oo 
to] 
Qa 
oo 


> 


m 


Power Supply Current 
DC Power Dissipation 


Common Mode Quiescent Pa Vdc 
Output Voltage 
Differential Output Voltage Swing Capability — Vpoeak 
Power Supply Sensitivity _ mV/V 
7.0 


3 
Bb 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Applied Voltage av Vde 
(V2—V4, Vi4—V1. V1—-Va. V1-V12, V1-V4. 
V1—-Vg. V12—V7. Vg—V7. Vg—V7. V4a—-V7) 
Differential Input Signal V12-V9 4(6+143 Rx) Vdc 
V4-Vg Vde 


Maximum Bias Current 


Power Dissipation (Package Limitation) 
Ceramic Package 
Derate above Ty = +25°C 


Operating Temperature Range 


MC1495 


Storage Temperature Range 


TEST CIRCUITS 


FIGURE 4 — LINEARITY (USING NULL TECHNIQUE) 
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OFFSET 
ADJUST 
SEE FIGURE 13 


vr=-18V 


SCALE 

FACTOR 

ADIUST: f | » 0.1 uF Adjust “Scale Factor Adjust” for a null in VE. 
This schematic for illustrative purposes only — 
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FIGURE 5 — LINEARITY (USING X-Y PLOTTER TECHNIQUE) 
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TEST CIRCUITS (continued) 


FIGURE 6 — INPUT AND OUTPUT CURRENT FIGURE 7 — INPUT RESISTANCE 432 V 
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TEST CIRCUITS (continued) 


FIGURE 12 — POWER SUPPLY SENSITIVITY FIGURE 13 — OFFSET ADJUST CIRCUIT 
+32V 15k 15k 
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FIGURE 14 — OFFSET ADJUST CIRCUIT (ALTERNATE) 
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TYPICAL CHARACTERISTICS 


FIGURE 15 — LINEARITY versus TEMPERATURE 
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FIGURE 16 — SCALE FACTOR versus TEMPERATURE 
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FIGURE 18 — ERROR CONTRIBUTED BY 
INPUT DIFFERENTIAL AMPLIFIER 
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OPERATION AND APPLICATIONS INFORMATION 


THEORY OF OPERATION 


The MC1595 (MC1495) is a monolithic, four-quadrant multi- 
plier which operates on the principle of variable transconductance. 
The detailed theory of operation is covered in Application Note 
AN-489, Analysis and Basic Operation of the MC1595. The result 
of this analysis is that the differential output current of the multi- 
plier is given by 


2VxVy 
la -lg =4b=2 
RxRyi3 
where Iq and |g are the currents into pins 14 and 2, respectively, 
and Vy and Vy are the X and Y input voltages at the multiplier 
input terminals. 


DESIGN CONSIDERATIONS 
General 


The MC1595 (MC1495) permits the designer to tailor the 
multiplier to a specific application by proper selection of ex- 
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e.g. maximum output voltage swing). 
Each important parameter is discussed in detail in the following 
paragraphs. 


Linearity, Output Error, ERx or Ery 


Linearity error is defined as the maximum deviation of out- 
put voltage from a straight line transfer function. It is expressed 
as error in percent of full scale (see figure below). 


VE max 


For example, if the maximum deviation, VE(max), iS 
+100 mV and the full scale output is 10 volts, then the 
percentage error is 


Vv -3 
_ YE(max) x 100 = 100 x 10 


ER= 
Vo(max) 10 


x 100 = +1.0%. 


Linearity error may be measured by either of the following 
methods: 

1. Usingan X — Y plotter with the circuit shown in Figure 5, 

obtain plots for X and Y similar to the one shown above. 

2. Use the circuit of Figure 4. This method nulls the level 

shifted output of the multiplier with the original input. 
The peak output of the null operational amplifier will be 
equal to the error voltage, VE (max)- 

One source of linearity error can arise from large signal non- 
linearity in the X and Y-input differential amplifiers. To avoid 
introducing error from this source, the emitter degeneration 
resistors Rx and Ry must be chosen large enough so that non- 
linear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of Rx and Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (i.e., |g = 143 = 1.0 mA). 


3 dB Bandwidth and Phase Shift 


Bandwidth is primarily determined by the joad resistors and 
the stray multiplier output capacitance and/or the operational 
amplifier used to level shift the output. (f wideband operation 
is desired, low value load resistors and/or a wideband operational 
amplifier should be used. Stray Output capacitance will depend 
to a large extent on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 
phase shift common to both X and Y channels (due to the load 
resistor-output Capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences in 
transadmittance in the X and Y channels). $f the input to output 
phase shift is only 0.6°, the Output product of two sine waves 
will exhibit a vector error of 1%. A 3° relative phase shift be- 
tween Vx and Vy results in a vector error of 5%. 


Maximum Input Voltage 


Vx(max)» VY¥(max) Maximum input voltages must be such 
that: 


VX(max) <143 Ry 
VY (max) <I Ry. 


Exceeding this value will drive one side of the input amplifier to 
“cutoff'’ and cause non-linear operation. 

Currents 13 and 143 are chosen at a convenient value (observ- 
ing power dissipation limitation) between 0.5 mA and 2.0 mA, 
approximately 1.0mA. Then Ry and Ry can be determined by 
considering the input signal handling requirements. 


For Vx(max) = VY¥(max} = 10 volts; 
10 V 


Rx = Ry > = 10KS2. 
amie adie Tory 
2VxVy 
The equation I, - 1g = x 
RxRyl3 
derived f ! | 2VxVy 
er rom - = 
Is ive A B a a 
(Rx + (Ry + ——) 13 
9113 alg 
kT 
with the assumption Rx > 2kT and Ry > 2kT 
al13 ql3 


At Ta = +25°C and 143 = 13= 1mA, 


Therefore, with Ry = Ry = 10k the above assumption is valid. 
Reference to Figure 19 will indicate limitations of Vx (max) OF 
Vy (max) due to V4 and V7. Exceeding these limits will cause 
saturation or ‘cutoff’ of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 


Maximum Output Voltage Swing 


The maximum output voltage swing is dependent upon the 
factors mentioned below and upon the particular circuit being 
considered. 

For Figure 20 the maximum output swing is dependent 
upon V" for positive swing and upon the voltage at pin 1 for 
negative swing. The potential at pin 1 determines the quies- 
cent level for transistors Os, Qg, Q7, and Qg. This potential 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. See Section 3 for further inform- 
ation regarding selection of these potentials. 


FIGURE 20 — BASIC MULTIPLIER 


Vt 


Vo 


MC1S95L 
(MC1495L) 


!f an operational amplifier is used for level shift, as shown 
in Figure 21, the output swing (of the multiplier) is greatly 
reduced. See Section 3 for further details. 


GENERAL DESIGN PROCEDURE 


Selection of component values is best dernonstrated by the 
following example: assume resistive dividers are used at the X and 
Y inputs to limit the maximum multiplier input to +5.0 volts (Vy = 
Vy {max} fora #10-volt input (Vx = Vy" [{max]). (See F igure 21). 
If an overall scale factor of 1/10 is desired, then 


Vx Vy! J2VXNENY! ~ anowyiys 
Vo = "49 10 


Therefore, K = 4/10 for the multiplier (excluding the divider 
network). 


Step 1. The first step is to select current !3 and current 143. 
There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. 13 and 143 will normally 
be one or two milliamperes. Further, [3 does not have to be equal 
to 143, and there is normaily no need to make them different. For 
this example, fet 


Ig=ty3=1mMA, 


To set currents !3 and 173 to the desired value, it is only 
necessary to connect a resistor between pin 13 and ground, and be- 
tween pin 3 and ground. From the schematic shown in Figure 3, 


FIGURE 21 — MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


it can be seen that the resistor values necessary are given by: 


\V7|-0.7 v 
43 
\V~|-0.7 V 

13 


R43 +500 2= 


R3 +500 2 = 


Let V"=-15 V 
14.3 V 


Then R742 +500 = — 
3 TmA 


or R43 = 13.8k2 


Let R43 =12k2 
Similarly, R3z = 13.8 k2 
Let R3=15k2 


However, for applications which require an accurate scale factor, 
the adjustment of Rg and consequently, l3, offers a convenient 
method of making a final trim of the scale factor. For this reason, 
as shown in Figure 21, resistor R3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiring an exact scale factor (balanced 
modutator, frequency doubler, AGC amplifier, etc.), pins 3 and 13 
can be connected together and a single resistor trom pin 3 to ground 
can be used. tn this case, the single resistor would have a value of 
one-half the above calculated value for R73. 


Step 2. The next step is to select Rx and Ry. To insure 
that the input transistors will always be active, the following condi- 
tions should be met: 


A good rule of thumb is to make I3Ry 2 1.5 Vy{max) and 
113 RX 1.5 Vx(max)- 


The larger the IgRy and 113R x product in relation to Vy 
and Vy respectively, the more accurate the muitiplier will be (see 
Figures 17 and 18). 


Let Rx = Ry = 10k2 
Then I3Ry = 10V 
143Ry = 10V 


since V x (max) = VY (max) = 5-Ovaits the value of Ry = Ry = 10k2 
is suffictent. 


Step 3. Nowthat Rx, Ry and !3 have been chosen, R, can 
be determined: 


2RL 4 
7 RyxRyig 10 
or (2) (Rv) _4 


(10k) (10k) (1 mA) 10 


Thus Ry = 20kQ. 


Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. From the circuit schematic it can be seen that 
in order to maintain transistors Q1, Q2, Q3 and Qg in an active 


region when the maximum input voltages are applied (Vy’ = Vy’ = 
10 Vor Vx = 5.0 V, Vy = 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. It should also be noticed that the collector voltage 
of transistors 03 and Og are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about 
two volts higher than the maximum input voltage. Therefore, to 
handie +5.0 volts at the inputs, the voltage at pin 1 must be at least 
+7.0 volts. Let Vz =9.0 Vdc. 

Since the current following into pin 1 is always equal to 
213, the voltage at pin 1 can be set by placing a resistor, Ry from 
pin 1 to the positive supply: 


a vt -V1 
23 


Ry 


Let vt=+15V 


15 V-9V 


h Ry = 
re0 A r(d Al 


Ry, =3kQ. 


Note that the voltage at the base of transistors Qg, Og, Q7 and Qg 
is one diode-drop below the voltage at pin 1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 should be 
approximately halfway between the voltage at pin 1 and the positive- 
supply voltage. For this example, the voltage at pins 2 and 14 should 
be approximately 11 volts. 


Step 5. For de applications, such as the multiply, divide and 
square-root functions, it is usually desirable to convert the differential 
output to a single-ended output voltage referenced to ground. The cir- 
cuit shown in Figure 22 performs this function. It can be shown that 
the output voltage of this circuit is given by: 


Vo = (la -la) Re 


2ixly _ 2VxVy 
13 : 13RxRy 


And since Ia -lg = lo -114 = 


2RLVx'Vy' 
4RxRx!l3 where Vx’Vy’ is the voltage at the 
input to the voltage dividers. 


Then Vo = 


FIGURE 22 ~— LEVEL SHIFT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


The choice of an operational amplifier for this apptication 
should have low bias currents, low offset current, and a high 
common-mode input voltage range as well as a high common-mode 
rejection ratio. The MC1556, and MC1741 operational amplifiers 
meet these requirements. 

Referring to Figure 21, the level shift components will be de- 
termined. When Vx = Vy = 0, the currents tz and 144 will be equal 
to 43. InStep 3, RL was found to be 20 kQ and in Step 4, V2 and 
V14 were found to be approximately 11 volts. From this informa- 
tion, Rg can be found easily from the following equation (neglect- 
ing the operational amplifiers bias current): 


vis 
—~+143= 2 
Ri Ro 
And for this example, 11 V _15V-11V 
20 k2 Ro 


Solving for Rg, Rg = 2.6k2 

Thus, select Rg = 3.0k2 

For Ro = 3.0 k&2, the voltage at pins 2 and 14 is calculated to be 
Va = V14 = 10.4 volts. 


The linearity of this circuit (Figure 21) is likely to be as good 
or better than the circuit of Figure 5. Further improvements are 


possible as shown in Figure 23 where Ry has been increased sub- 
stantially to improve the Y linearity, and Rx decreased somewhat 
so as not to materially affect the X linearity, this avoids increasing 
RL significantly in order to maintain a K of 0.1. 

The versatility of the MC1595 (MC1495) allows the user to 
to optimize its performance for various input and output signal 
levels. 


OFFSET AND SCALE FACTOR ADJUSTMENT 
Offset Voltages 


Within the monolithic multiplier (Figure 3) transistor base- 
emitter junctions are typically matched within 1 mV and resistors 
are typically matched within 2%. Even with this careful match- 
ing, an output error can occur. This output error is comprised 
of X-input offset voltage, Y-input offset voltage, and output- 
offset voltage. These errors can be adjusted to zero with the tech- 
niques shown in Figure 21. Offset terms can be shown ana- 
lytically by the transfer function: 


Vo = K(Vx + VigxtVx off! (Vy + VIOYEVY off) + Voo (1) 


Where K = scale factor 
Vx = X input voltage 
Vy = Y input voltage 
VIOx =x input offset voltage 
ViOoY = Y¥ input offset voltage 
Vx off= X input offset adjust voltage 


Vy off= Y input offset adjust voltage 


Voo = Output offset voltage. 


FIGURE 23 — MULTIPLIER WITH IMPROVED LINEARITY 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


x, Y and Output Offset Voltages 


Vo Output Output 
Offset Offset 
vx Vy 
X Offset Y Offset 


For most de applications, all three offset adjust potentiome- 
ters (Pq, Pz, Pq) will be necessary. One or more offset adjust 
potentiometers can be eliminated for ac applications (See Figures 
28, 29, 30, 31). 

\f well regulated supply voltages are available, the offset ad- 
just circuit of Figure 13 is recommended. Otherwise, the circuit 
of Figure 14 will greatly reduce the sensitivity to power supply 
changes. 


Scale Factor 

The scale factor, K, is set by P3(Figure 21). P3 varies 13 which 
inversely controls the scale factor K. It should be noted that 
current 13 is one-half the current through Rj. Ry sets the bias 
level for Qs, Qg, Q7, and Og (See Figure 3). Therefore, to be 
sure that these devices remain active under all conditions of input 
and output swing, care should be exercised in adjusting P3 over 
wide voltage ranges (see Section 3, General Design Procedure). 


Adjustment Procedures 

The following adjustment procedure should be used to null 
the offsets and set the scale factor for the multiply mode of 
operation. (See Figure 21) 


1. X tnput Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“Y" input (pin 4) 

(b) Connect ‘’X"' input (pin 9) to ground 

(c) Adjust X offset potentiometer, Po, for an ac null 
at the output 
2. Y Input Offset 

(a) Connect oscillator {1 kHz, 5 Vpp sinewave) to the 
“X"’ input (pin 9) 

(b) Connect ‘'Y”’ input (pin 4) to ground 

(c) Adjust ''Y"' offset potentiometer, Py,for an ac null 
at the output 
3. Output Offset 

(a) Connect both ‘X" and “Y“ inputs to ground 

(b) Adjust output offset potentiometer, Pq, until the 
output voltage Vg is zero volts dc 
4. Scale Factor 

(a) Apply +10 Vdc to both the ’'X" and “Y” inputs 

(b) Adjust P3 to achieve + 10.00 V at the output. 
5. Repeat steps 1 through 4 as necessary. 


The ability to accurately adjust the MC1595 (MC 1495) 
depends upon the characteristics of potentiometers P4 
through Pg. Muiti-turn, infinite resolution potentiomet- 
ers with low-temperature coefficients are recommended. 


DC APPLICATIONS 
Multiply 

The circuit shown in Figure 21 may be used to multiply 
signals from dc to 100 kHz. Input levels to the actual multi- 
plier are 5.0 V (max). With resistive voltage dividers the maxi- 
mum could be very large — however, for this application two- 
to-one dividers have been used so that the maximum input 


level is 10 V. The maximum output level has also been designed 
for 10 V (max). 


Squaring Circuit 


If the two inputs are tied together, the resultant function is 
squaring; that is Vg = KV2 where K is the scale factor. Note 
that all error terms can be eliminated with only three adjustment 
potentiometers, thus eliminating one of the input offset adjust- 
ments. Procedures for nulling with adjustments are given as 
follows: 


1. AC Procedure: 

{a) Connect oscillator (1 kHz, 15 Vpp) to input 

(b) Monitor output at 2 kHz with tuned voltmeter 
and adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 

(c) Tune voltmeter to 1 kHz and adjust Py for a min- 
imum output voltage 

(d) Ground input and adjust Pq (output offset) for 
zero volts dc output 

(e) Repeat steps a through d as necessary. 
2. DC Procedure: 

(a) Set Vx = Vy = 0 V and adjust Pg (output offset 
potentiometer) such that Vg = 0.0 Vdc 

(b} Set Vx = Vy = 1.0 V and adjust Py (Y input 
offset potentiometer) such that the output voltage is 
+0.100 volts 

(c) Set Vx = Vy = 10 Vde and adjust P3 such that the 
output voltage is + 10.00 volts 

(d) Set Vx = Vy =-10 Vdc. Repeat steps a through 
d as necessary. 


FIGURE 24 — BASIC DIVIDE CIRCUIT 


Divide Circuit 

Consider the circuit shown in Figure 24 in which the multi- 
plier is placed in the feedback path of an operational amplifier. 
For this configuration, the operational amplifier will maintain 
a ‘virtual ground” at the inverting (-) input. Assuming that the 
bias current of the operational amplifier is negligible, then |4 = 
lg and 


KVxVy a evZ . 
R1 R2 } 
-R1 VZ (2) 
Solving for Vy, Vy R2K Vx 
If R1=R2 
-VZ 
Vy =—— 
v" KVX (3) 
\f R1=KR2 
-V 
Vy = oe (4) 
vx 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


Hence, the output voltage is the ratio of Vz to Vx and provides 
adivide function. This analysis is, of course, the ideal condition. 
If the multiplier error is taken into account, the output voltage 
is found to be 


(5) 


where 4E is the error voltage at the output of the multiplier. 
From this equation, it is seen that divide accuracy is strongly 
dependent upon the accuracy at which the multiplier can be 
set, particularly at small values of Vy. For example, assume 
that R1 = R2, and K = 1/10. For these conditions the output 
of the divide circuit is given by: 


-10Vz  104E 
Onan nae 9 * 


oe Vx (6) 


Vy = 


From equation 6, it is seen that only when Vy = 10 V is the 
error voltage of the divide circuit as low as the error of the 
multiply circuit. For example, when Vx is small, (0.1 volt) 
the error voltage of the divide circuit can be expected to bea 
hundred times the error of the basic multiplier circuit. 

In terms of percentage error, 


error 
percentage error = —-——— x 100% 
actual 


or from equation (5), 


AE 
KV _|R2/4E | , 
Vz [R1I}Vz yy 


P.E.p = Rl lv, 
re | Vx 


From equation 7, the percentage error is inversely related to 
voltage Vz (i.e., for increasing values of Vz, the percentage 
error decreases). 

A circuit that performs the divide function is shown in 
Figure 25. 


Two things should be emphasized concerning Figure 25. 
1. The input voltage (V‘y) must be greater than zero and 
must be positive. This insures that the current out of 
pin 2 of the multiplier will always be in a direction com- 


patible with the polarity of Vz. 


2. Pins 2 and 14 of the multiplier have been interchanged 
in respect to the operational amplifiers input terminals. 
tn this instance, Figure 25 differs from the circuit connec- 
tion shown in Figure 21; necessitated to insure negative 
feedback around the toop. 


A Suggested Adjustment Procedure for the Divide Circuit 


1. Set Vz = 0 volts and adjust the output offset potentio- 
meter (Pq) until the output voltage (Vg) remains at some 
(not necessarily zero) constant value as Vy’ is varied 
between +1.0 volt and +10 volts. 


2. Keep Vz at 0 volts, set Vy‘ at +10 volts and adjust the 
Y input offset potentiometer (P4) until Vo = O volts. 


3. Let Vy’ = Vz and adjust the X input offset potentio- 
meter (P9) until the output voltage remains at some (not 
necessarily - 10 volts) constant value as Vz = Vy’ is 
varied between +1.0 and +10 volts. 


4. Keep Vx’= Vz and adjust the scale factor potentiometer 
(P3) until the average value of Vo is - 10 volts as Vz = 
Vx’ is varied between +1.0 volt and +10 volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti- 
mum performance. 


Square Root 


A special case of the divide circuit in which the two inputs to 
the multiplier are connected together is the square root function 


FIGURE 25 — DIVIDE CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 26 — BASIC SQUARE ROOT CIRCUIT 
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as indicated in Figure 26. This circuit may suffer from 
latch-up problems similar to those of the divide circuit. Note 
ihat only one polarity of input is allowed and diode clamping 
{see Figure 27) protects against accidental latch-up. 

This circuit also may be adjusted in the closed-loop mode as 
follows: 


1. Set Vz to -0.01 volts and adjust Pq (output offset) for 
Vo = +0.316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out- 
put diode clamping. 


2. Set Vz to -0.9 volts and adjust Pz (X adjust) for Vg = 
+3.0 voits. 


3. Set Vz to -10 volts and adjust P3 (scale factor adjust) 
for Vg = +10 voits. 


4. Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 


AC APPLICATIONS 


Monolithic multiplier. 


The applications that follow demonstrate the versatility of the 
lf a potted multiplier is used for these 


cases, the results generally would not be as good because the potted 
units have circuits that, although they optimize dc multiplication 
operation, can hinder ac applications. 


Frequency doubling often is done with a diode where the 
fundamental plus a series of harmonics are generated. However, 
extensive filtering is required to obtain the desired harmonic, 
and the second harmonic obtained under this technique usually 
is small in magnitude and requires amplification. 

When a multiplier is used to double frequency the second 
harmonic is obtained directly, except for a dc term, which can 
be removed with ac coupling. 


e- = KE2cos2 wt 
E2 
eu = a (1 + cos 2uwt). 


A potted multiplier can be used to obtain the double fre- 
quency component, but frequency would be limited by its 
internal level-shift amplifier. In the monolithic units, the ampli- 
fier is omitted. 

In a typical doubler circuit, conventional + 15-voit supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre- 
quency; less than 1% distortion is encountered without filtering. 
The configuration has been successfully used in excess of 200 
kHz; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. 

A slightly modified version of the MC1595 (MC1495) — 
the MC 1596 (MC1496) — has been successfully used as a doubler 
to obtain 400 MHz. (See Figure 28.) 

Figure 29 represents an application for the monolithic 
multiplier as a balanced modulator. Here, the audio input signal 
is 1.6 kHz and the carrier is 40 kHz. 


FIGURE 27 — SQUARE ROOT CIRCUIT 


-15V 


MC1595L 
(MC1495L) 


10k 


39 139 89 120 
= 13k =; 18k 
12k TO OFFSET 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 28 — FREQUENCY DOUBLER 


Ry Rx 
82k 8.2k 


Vec=tlih Vv 


MC1595L 
OFFSET (MC1495L) 


ADJUST 


*SELECT 


: as 2 wt 
&9 = — cos 2 w 
o 20 
= -15V 
When two equal cosine waves are applied to X and Y, 
the result is a wave shape of twice the input frequency. 


For this example the input was a 10 kHz signal, output 
was 20 kHz. 


FIGURE 29 — BALANCED MODULATOR 


+15 V 


ey = Ecoswmt 


ex = E cos uct 
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y (MC14951) 


OFFSET 
ADJUST x 


7 
“SELECT ] 


&o 
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CARRIER 40 kHz 


The defining equation for balanced modulation is 


K(E py) COS Wt) (Eg cos wet) = 


KEcEm 
———_ [cos (we + wm) t + cos we — Wry} 


where we is the carrier frequency, wry is the modulator fre- 
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for level trans- 
lation or an operational amplifier; a higher operating frequency 
results. 

A problem common to communications is to extract the 
intelligence from single-sideband received signal. The ssb signal 
is of the form 


€gsh = A cos (We + Wry)t 


and if multiplied by the appropriate carrier waveform, cos wet, 


AK 
@ssbecarrier = —>— [cos (2w_ + Wry)t + cos (we)t]. 


If the frequency of the band-limited carrier signal, we, is ascer- 
tained in advance the designer can insert a low-pass filter and 
obtain the (AK/2) (cos wet) term with ease. He also can use an 
operational amplifier for a combination level shift-active filter, 
as an external component. Sut in potted multipliers, even if 
the frequency range can be covered, the operational amplifier 
is inside and not accessible, so the user must accept the level 
shifting provided, and still add a low-pass filter. 


Amplitude Modulation 


The multiplier performs amplitude modulation, similar to 
balanced modulation, when adc term is added to the modulating 
signal with the Y offset adjust potentiometer. (See Figure 30.) 


Here, the identity is 


Eml(1 +m cos wmthE, cos wet = KEmE cos wet + 


KEmE om 
———— _[cos(we + Wr) t + cos (we - wm)t} 


where m indicates the degree of modulation. Since m is adjust- 
able, via potentiometer Py, 100% modulation is possible. With- 
out extensive tweaking, 96% modulation may be obtained where 
We and Wry are the same as in the balanced-modulator example. 


Linear Gain Control 


To obtain linear gain control, the designer can feed to one 
of the two MC 1595 (MC1495) inputs a signal that will vary the 
unit’s gain. The following example demonstrates the feasibility 
of this application. Suppose a 200 kHz sine wave, 1.0 volt 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Vc is 0 to +1.0 volt. 
These must be ascertained and the proper values of Rx and Ry 
can be selected for optimum performance. For the 200-kHz 
operating frequency, load resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, but gain was 
sacrificed. It may be made up with an amplifier operating at the 
appropriate frequency. (See Figure 31.) 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 30 — AMPLITUDE MODULATION 
(A) 


82k 82k Voc = +18 V 


ey = Ecoswmt 


ex = E cos wt 


MCt595L 
(MC 1495L} 


% MODULATION 
ADJUST 


OFFSET ADJUST 


ex,ey <5 Vp-p 


Ci" 
“SELECT | 


eo 


= -1bV 


(B) 


The signal is applied to the unit’s Y input. Since the total 
input range is limited to 1.0 volt p-p, a 2.0-volt swing, a current 
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y-channel. 

Since the X input varies between 0 and +1.0 volt, the current 
source selected was 1.0 mA and the Ry value chosen was 2.0 
kilohms. This also insures linear operation over the X input 
dynamic range. 

Choosing R,_ = 100 assures wide-bandwidth operation. Hence, 
the scale factor for this configuration is 


Re 
. RxRylg 
Sass Oi Sos 
(2. k)(1 k)(2 x 10+*3) 


The 2 in the numerator of the equation is missing in this scale- 
factor expression because the output is single-ended and ac 
coupled. 
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MOTOROLA 
m= SEMICONDUCTOR soo 
TECHNICAL DATA 


DUAL TIMING CIRCUIT 


The MC3556/MC3456 dual timing circuit is a highly stable con- 
troller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if 
desired. In the time delay mode of operation, the time is precisely 
controlled by one external resistor and capacitor per timer. For 
astable operation as an oscillator, the free running frequency and 
the duty cycle are both accurately controlled with two external 
resistors and one capacitor per timer. The circuit may be triggered 
and reset on falling waveforms, and the output structure can 
source or sink up to 200 mA or drive MTTL circuits. 

Direct Replacement for NE556/SE556 Timers 
Timing From Microseconds Through Hours 
Operates in Both Astable and Monostable Modes 
Adjustable Duty Cycle 

High Current Output Can Source or Sink 200 mA 
Output Can Drive MTTL 

Temperature Stability of 0.005% per °C 

Normally “On” or Normally “Off” Output 

Dual Version of the Popular MC1455 Timer 


FIGURE 1 — 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


© 
1 /; 
ae vacua" 


N/2MC3456 


117 VAC 60 Hz 


t= 1.1; R,C = 22s 
Time delay (t) is variable 1N5347 +10 pF 1N4004 


by changing R and C, (See or Equiv. 250 V or Equiv. 
Figure 16). 


FIGURE 2 — BLOCK DIAGRAM (1/2 SHOWN) 
Vec 


2 (12) 
Threshold — 


Control 
Voltage 
3 (11) 


ORDERING INFORMATION 
Temperature 
Device Alternate Range Package 
MC3456L = 0°C to +70°C Ceramic DIP 
MC3456P NE556A Plastic DIP 
MC3556L = —55°C to +125°C Ceramic DIP 
NE556D om O°C to + 70°C $O-14 


DUAL 
TIMING CIRCUIT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


PIN CONNECTIONS 
a? caer | 


Discharge A[1] Vcc 
Threshold A[2] 13] Discharge B 
Control A[3 12] Threshold B 
Reset a 111] Control B 
Output A([5| Reset B 


Trigger A|6 9} Output B 
Gnd|7 8] Trigger B 


(Top View) 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
D SUFFIX 
PLASTIC PACKAGE 
CASE 751 
(SO-14) 


TYPICAL APPLICATIONS 
@ Time Delay Generation 
® Sequential Timing 
@ Linear Sweep Generation 
@ Precision Timing 
@ Pulse Generation 
@ Pulse Shaping 

® Missing Pulse Detection 

@ Pulse Width Modulation 

@ Pulse Position Modulation 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) FIGURE 3 — GENERAL TEST CIRCUIT 


ws 
Power Supply Voltage Vde 
Pb 


Lah 
700 


Discharge 


Power Dissipation (Package 
Limitation) 
Ceramic Duail-in-Line Package 
Derate above Ta = +25°C 
Plastic Dual tn-Line Package 
Derate above Ta = +25°C 
Operating Ambient Temperature 
Range MC3556 -55 to +125 
MC3456 0 to +70 


Storage Temperature Range ~65 to +150 


O 
Control 
Voltage 


oO 
Output 
‘sink 
‘source 


Test Circurt for Measuring dc Parameters 


1/2 MC3556 
1/2 MC3456 


Threshold 


(to set Output and measure parameters) 
a When Vg °* 2/3 Vcc. Vo 1s low 
ob. When Vg* 1/3 Vcc. Vo is high 
c When Vo is !ow, Pin 7 sinks current To test for Reset, 


set Vo. high, apply Reset voltage, and test for current 
tlowing into discharge pin. When Reset is not in use, it 
should be tied to Vcc 


ELECTRICAL CHARACTERISTICS (Ta, = +25°C. Vcc = +8.0 V to +15 V unless otherwise noted.) 


Characteristics 


Supply Voltage 


upply 
Veco = SOV, Ry = 
Vec- 18 V, RL = 
Low State, (Note 1) 


Timing Error (Note 2) 
‘Aonostable Mode 
Ra = 2.0 kS2 to 100 k&2 
(Initial Accuracy C - 01 uF 
Orift with Temperature 
Orift with Supply Voltage 
Astable Mode 

Ra = Rg = 2.0 kit to 100 k82 

C= 0.01 pF 

Initial Accuracy 

Drift with Temperature 

Orift with Supply Voltage 


PPM/OC 
%/Volt 


% 
PPM/°C 
%IVolt 
Threshold Voltage 
Trigger Voltage 
Voc =15V 
Voc = $.0V 


Cantral Voltage Level 
Vec = 15 Vv 
Voc = 5.0V 


Output Voltage Low 
(Vec = 15 V) 
‘sink = 10 mA 
'sink = 50 mA 
Isink = 100 mA 
Vsink = 200 mA 
(Voc = 5.0 V) 
‘sink * 8.0 mA 


Ising = §.0 mA 

Output Voltage High 
(source = 200 mA) 
Voc=18V 
(source = 100 mA} 
Veco = 15 Vv 
Voc = 5.0 V 


Toggle Rate (Figures 17, 19) 
Ra = 3.3 k2, Rg = 68k, C = 0.003 uF 


Discharge Leakage Current 


Rise me of Outer 
[FailTmeofOutpt Cd 


Matching Characteristics Between Sections 
{Monostabie) 

initial Timing Accuracy 

Timing Orift with Temperature 

Drift with Supply Voitage 


NOTES: 1. Supply current is typically 1.0 mA less for each output which is high. 3. This will determine the maximum value of Ra + Rg for 
2. Tested at Vcc = 5.0 V and Vcc = 15 V. 15 V operation. The maximum total R = 20 megohms. 
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FIGURE 4 — TRIGGER PULSE WIDTH 
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MC3456, MC3556 


TYPICAL CHARACTERISTICS 
(Ta = +25°C untess otherwise noted.) 


FIGURE 5 — SUPPLY CURRENT 


Icc, SUPPLY CURRENT (mA) 


Vcc, SUPPLY VOLTAGE (Vdc) 


FIGURE 8 — LOW OUTPUT VOLTAGE 
@ Vcc = 10 Vde 
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FIGURE 11 — DELAY TIME 
versus TEMPERATURE 
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FIGURE 6 — HIGH OUTPUT VOLTAGE 
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FIGURE 9 — LOW OUTPUT 
VOLTAGE @ Vcc = 15 Vde 
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FIGURE 12 — PROPAGATION DELAY 
versus TRIGGER VOLTAGE 
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FIGURE 13 — 1/2 REPRESENTATIVE 
CIRCUIT SCHEMATIC 


° Control Voitage 


er ae pe ee a ee 1 Sy Aer er ret So SS ee = ren nicer nT 
| THRESHOLD iO trigcer ll! evip-Frop ‘loutput | 
| COMPARATOR If COMPTR II | 
Vec oF ] 
les | 
{ 
| 
i 
! 
I 
{ 
Threshold | 
i 
{ 
@) 
Out 
put 
| 
| 
ieee 
Trigger 
| 
| 
Reset { 
| 
1 
Discharge’ <0———. AeA? | bi er ee = At 
Gno Lf __. 


GENERAL OPERATION 


The MC3556 is a dual timing circuit which uses as its 
timing elements an external resistor — capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com- 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com- 
parator reference voltages are always a fixed ratio of the supply 
voltage thus providing output timing independent of supply voltage. 


Monostable Mode 


In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vcc the comparator output triggers 
the flip-flop so that it’s output sets low. This turns the capacitor 
discharge transistor ‘off’ and drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex- 
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vcc the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re- 
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 Ra C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 


Se 


A reset pin is provided to discharge the capacitor thus inter- 
rupting the timing cycle. As long as the reset pin is low, the capaci- 
tor discharge transistor is turned ‘‘on’’ and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 


FIGURE 14 — MONOSTABLE CIRCUIT 
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GENERAL OPERATION (continued) 


FIGURE 15 — MONOSTABLE WAVEFORMS 
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t = 50 us/cm 
(Ra = 10k2, C=0.01 pF, Ry = 1.0k2 ,Vec = 15 Vv) 


FIGURE 16 — TIME DELAY 
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Astable Mode 


In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vec and 2/3 Vcc. See Figure 17. 


The external capacitor charges to 2/3 Vcc through Ra and Rg 
and discharges to 1/3 Vcc through Rg. By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by: tz = 0.695 (Ra+Rg) C 

The discharge time (output low) by: tz = 0.695 (Rg) C 

Thus the total period is given by: T = ty + tg = 0.695 (Rat2Rg) C 
1 1.44 


The frequency of oscillation is then: f = — = ——————_ 
pratt T (Ra+2Rp) C 


and may be easily found as shown in Figure 19. 

Re 
Rat2Rg 
To obtain the maximum duty cycle Ra must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 

The minimum vatue of Ra is given by: 

>Vec (Vde) 5 Vcc (Vde) 


17 (A) 0.2 


The duty cycle is given by: DC = 


FIGURE 17 — ASTABLE CIRCUIT 
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FIGURE 19 — FREE-RUNNING FREQUENCY 
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APPLICATIONS INFORMATION 


TONE BURST GENERATOR DUAL ASTABLE MULTIVIBRATOR 

For a tone burst generator the first timer is used as a This dual astable multivibrator provides versatility not 
monostable and determines the tone duration when trig- available with single timer circuits. The duty cycle can be 
gered by a positive pulse at Pin 6. The second timer is adjusted from 5% to 95%. The two outputs provide two 
enabled by the high output of the monostable. It is con- phase clock signals often required in digital systems. It 
nected as an astable and determines the frequency of can also be inhibited by use of either reset terminal. 
the tone. 


FIGURE 20 — TONE BURST GENERATOR 
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FIGURE 21 — DUAL ASTABLE MULTIVIBRATOR 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation FIGURE 23 — PULSE WIDTH MODULATION WAVEFORMS 


tf the timer is triggered with a continuous pulse train in the (Ra = 10k2, C = 0.02 uF, Vcc = 15 V) 
monostable mode of operation, the charge time of the capacitor 
can be varied by changing the control voltage at pin 3. {n this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 22 
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Severat timers can be connected to drive each other for sequen- 
tial timing. An example is shown in Figure 24 where the sequence 
is Started by triggering the first timer which runs for 10 ms. The 
output then switches low momentarily and starts the second timer 


which runs for 50 ms and so forth. 


FIGURE 24 
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In Brief... 


Surface Mount Technology is now being utilized to 
offer answers to many problems that have been created 
in the use of insertion technology. 

Limitations have been reached with insertion pack- 
ages and PC board technology. Surface Mount Tech- 
nology offers the opportunity to continue to advance 
the State-of-the-Art designs that cannot be accom- 
plished with Insertion Technology. 

Surface Mount Packages allow more optimum device 
performance with the smaller Surface Mount configu- 
ration. Internal lead lengths, parasitic capacitance and 
inductance that placed limitations on chip performance 
has been reduced. 

The lower profile of Surface Mount Packages allows 
more boards to be utilized in a given amount of space. 
They are stacked closer together and utilize less total 
volume than insertion populated PC boards. 

Printed circuit costs are lowered with the reduction 
of the number of board layers required. The elimination 
or reduction of the number of plated through holes in 
the board, contribute significantly to lower PC board 
prices. 

Surface Mount assembly does not require the prep- 
aration of components that are common on insertion 
technology lines. Surface Mount components are sent 
directly to the assembly line, eliminating an interme- 
diate step. 

Automatic placement equipment is available that can 
place Surface Mount components at the rate of a few 
thousand per hour to hundreds of thousands of com- 
ponents per hour. 

Surface Mount Technology is cost effective, allowing 
the manufacturer the opportunity to produce smaller 
units and offer increased functions with the same size 
product. 
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Surface Mount 
Technology 


Surface Mount Technology 
Linear and Interface 


Bipolar ; $2 bas 
Linear regulators. In addition, tape and reel shipping to 
All the major bipolar analog families are now repre- the updated ElA-481A is now on line for the industry's 
sented in surface mount packaging. Standard SOIC and largest array of op-amps, regulators, interface, data con- 
PLCC packages are augmented by SOP-8 and DPAK for version, consumer, telecom and automotive Linear ICs. 


CA3146D 
DAC-08CD,ED 
LF351D 
LF353D 
LF411CD 
LF412CD 
LF441CD 
LF442CD 
LF444CD 
LM201AD 


LM208D,AD 
LM211D 
LM224D 
LM239D,AD 
LM258D 
LM285D-1.2 
LM285D-2.5 
LM293D 
LM301AD 
LM308D,AD 


LM311D 
LM317LD 
LM317MDT 
LM324D,AD 
LM339D,AD 
LM348D 
LM358D 
LM385D-1.2 
LM385D-2.5 
LM393D 


LM833D 

LM2901D 
LM2902D 
LM2903D 
LM23904D 


LM2931AD-5.0,D-5.0 


LM2931CD 
LM3900D 
MC1350D 
MC13570 


MC1377DW* 
MC1378FN 
MC1381FB* 
MC1382DW 
MC1403D 
MC1413D 
MC1436D,CD 
MC1455D 
MC1458D,CD 
MC1458SD 


MC1488D 
MC1489D 
MC1495D 
MC1496D 
MC1723CD 


*To Be Introduced. 


Transistor Array 
High-Speed 8-Bit Multiplying D-to-A Converter 
Single BIFET Operational Amplifier 

Dual BIFET Operational Amplifiers 

Single/Dual JFET Operational Amplifier 

Dual BIFET High Power Operational Amplifiers 
Single BIFET Low Power Operationa! Amplifier 
Dual BIFET Low Power Operational Amplifiers 
Quad BIFET Low Power Operational Amplifiers 
General Purpose Adjustable Operationa} Amplifier 


Precision Operational Amplifier 

High Performance Voltage Comparator 

Quad Low Power Operational Amplifiers 

Quad Single Supply Comparators 

Dual Low Power Operational Amplifiers 
Micropower Voltage Reference Diodes 
Micropower Voltage Reference Diodes 

Dua! Comparators 

General Purpose Adjustable Operational Amplifier 
Precision Operational Amplifier 


High Performance Voltage Comparator 
Positive Adjustable 100 mA Voltage Regulator 
Positive Adjustable 500 mA Voltage Regulator 
Quad Low Power Operational Amplifiers 
Quad Single Suppiy Comparators 

Quad MC1741 Operational Amplifiers 

Dual Low Power Operational Amplifiers 
Micropower Voltage Reference Diodes 
Micropower Voltage Reference Diodes 

Dual Comparators 


Dual Audio Amplifiers 

Quad Singie Supply Comparators 

Quad Low Power Operational Amplifiers 
Dual Comparators 

Dual Low Power Operational Amplifiers 
Low Dropout Voltage Regulator 

Adjustable Low Dropout Voltage Regulator 
Quad Singie Supply Operational Amplifiers 
IF Amplifier 

FM IC with Quadrature Detector 


Color Television RGB to PAL/NTSC Encoder 
Video Overlay Synchronizer 

Multimode Monitor Processor 

Multimode Monitor TTL To Analog Video 
Precision Low Voltage Reference 

Peripheral Driver Array 

High Voltage Operational Amplifier 

Timing Circuit 

Dual Operational Amplifiers 

High Slew Rate Dual Operational Amplifiers 


Quad E!A-232C Drivers 

Quad EIA-232C Receivers 
Four-Quadrant Multiplier 
Balanced Modulator-Demodulator 


Adjustable Positive Or Negative Voltage Regulator 


S$O-16 
SO-8 
$0-8 
$0-8 
SO-8 
SO-8 
$O0-8 

SO-14 
SO-8 


SO-8 
SO-8 
$O-14 
$0-14 
S0-8 
SO-8 
$0-8 
So-8 
$0-8 
S0-8 


SO-8 
SOP-8 
DPAK 
SO-14 
S$O-14 
$O-14 

$0-8 

$0-8 
$0-8 

SO-8 


$0-8 
SO-14 
SO-14 
S$O-8 
S0-8 
SOP-8 
SOP-8 
SO-14 
SO-8 
$O-14 


$O-20L 
PLCC-44 
QFP-44 
SO-24L 
$O-8 
SO-16 
SO-8 
$0-8 
$O-8 
SO-8 


SO-14 
S$O0-14 
$0-14 
$O-14 
SO-14 
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LINEAR AND INTERFACE (continued) 


MC1733CD Differential Video Amplifier 

MC1741CD General Purpose Operational Amplifier SO-8 

MC1741SCD High Slew Rate Operational Amplifier SO-8 

MC1747CD Dual MC1741 Operational Amplifiers SO-14 
MC1776CD Programmable Operational Amplifier S$0-8 

MC26LS31D Quad EIA-422/3 Drivers SO-16 
MC26LS32D Quad EIA-422 Receivers SO-16 
MC26S10D Quad Bus Transceiver SO-16 
MC2831AD FM Transmitter SO-16 
MC3303D Quad Differential-input Operational Amplifier SO-14 
MC3335DW Basic Dual Conversion Receiver SO-20L 
MC3346D General Purpose Transistor Array S$0-14 
MC3356DW FSK Receiver $O-20L 
MC3359DW Low Power Narrowband FM IF Amplifier $O-20L 
MC3361AD Low Voltage Narrowband FM iF Amplifier SO-16 
MC3362DW Dual Conversion Receivers S$O-28L 
MC3363DW* Dual Conversion Receivers SO-28L 
MC3367DW Low Voltage VHF Receiver SO-28L 
MC3371D* Low Voltage FM Receiver with RSSI SO-16 
MC3401D Quad Operational Amplifiers $O-14 
MC3403D Quad Differential-Input Operational Amplifier SO-14 
MC3423D Overvoltage Sensing Circuit SO-8 

MC3448AD Quad GPIB Transceivers SO-16 
MC3450D Quad Line Receivers SO-16 
MC3452D Quad Line Receivers S$O-16 
MC3456D Dual Timing Circuit SO-14 
MC3458D Dual Low Power Operational Amplifiers SO-8 

MC3486D Quad E1A-422/3 Receivers SO-16 
MC3487D Quad E\A-422 Drivers $O-16 
MC4558CD Dual High Frequency Operational Amplifiers SO-8 

MC4741CD Quad MC1741 Operational Amplifiers SO-14 
MC78LO5ACD Positive Voltage Regulator, 5 V, 100 mA SOP-8 
MC78LO8ACD Positive Voltage Regulator, 8 V, 100 mA SOP-8 
MC78L12ACD Positive Voltage Regulator, 12 V, 100 mA SOP-8 
MC78L15ACD Positive Voltage Regulator, 15 V, 100 mA SOP-8 
MC78MO05CDT Positive Voltage Regulator, 5 V, 500 mA DPAK 

MC78M08CDT Positive Voltage Regulator, 8 V, 500 mA DPAK 

MC78M12CDT Positive Voltage Regulator, 12 V, 500 mA DPAK 

MC78M15CDT Positive Voltage Regulator, 15 V, 500 mA DPAK 
MC79LO05ACD 3-Terminal Negative Fixed Voltage Regulator, —5 V, 100 mA SOP-8 
MC79L12ACD 3-Terminal Negative Fixed Voltage Regulator, —12 V, 100 mA SOP-8 
MC79L15ACD 3-Terminal Negative Fixed Voltage Regulator, — 15 V, 100 mA SOP-8 
MC79MO5CDT 3-Terminal Negative Fixed Voltage Regulator, —5 V, 500 mA DPAK 

MC79M12CDT 3-Terminal Negative Fixed Voltage Regulator, — 12 V, 500 mA DPAK 

MC79M15CDT 3-Terminal Negative Fixed Voltage Regulator, — 15 V, 500 mA DPAK 

MC10319DW 8-Bit A/D Flash Converter SO-28L 
MC10321D 7-Bit A/D Flash Converter $O-20L 
MC13022DW Medium Voltage AM Stereo C-QUAM Decoder S$O-28L 
MC13023D* AM Front End/Tuning Stabilizer SO-16 
MC13024DW Low Voltage C-QUAM Receiver SO-24L 
MC13055D VHF LAN Receiver — FSK SO-16L 
MC13060D 1 Watt Audio Amp SOP-8 
MC33033DW Brushless DC Motor Controller SO-20L 
MC33034DW20,DW60 Brushless DC Motor Controller SO-24L 
MC33035DW Brushless DC Motor Controller SO-24L 
MC33039D Closed Loop Brushless Motor Adaptor SO0-8 

MC33064D-5 Undervoltage Sensing Circuit SO-8 

MC33065DW Dual Current Mode PWM Controller SO-16L 
MC33071D,AD Single, High Speed Single Supply Operational Amplifiers SO-8 

MC33072D,AD Dual, High Speed Single Supply Operational Amplifiers SO-8 

MC33074D,AD Quad, High Speed Single Supply Operational Amplifiers SO-14 
MC33077D Dual, Low Noise High Frequency Operational Amplifiers SO-8 

MC33078D Dual Audio, Low Noise Operational Amplifiers SO-8 

MC33079D Low Power, Single Supply Operational Amplifier $O-14 
MC33120DW* SLIC Il SO-20L 
MC33164D-5 Micropower Undervoltage Sensing Circuit SO-8 


*To Be Introduced. 
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LINEAR AND INTERFACE (continued) 


MC33171D 
MC33172D 
MC33174D 
MC33272D 
MC33274D 
MC33282D 
MC33284D 
MC34001D,BD 
MC34002D,BD 
MC34011AFN 


MC34012-1D 
MC34012-2D 
MC34012-3D 
MC34013AFN 
MC34014FN,DW 
MC34017-1D 
MC34017-2D 
MC34017-3D 
MC34018DW 
MC34050D 


MC34051D 
MC34060AD* 
MC34063AD 
MC34064D-5 
MC34065DW 
MC34071D,AD 
MC34072D,AD 
MC34074D,AD 
MC34080D 
MC34081D 


MC34084DW,ADW 
MC34085DW,ADW 
MC34114DW 
MC34118DW 
MC34119D 
MC34129D 
MC34164D-5 
MC34181D 
MC34182D 
MC34184D 


MC44301DW* 
MC44802DW 
NES56D 
NE592D 
TLO61CD 
TLO64CD 
TLO71CD,ACD 
TLO72CD,ACD 
TLO81CD,ACD 
TLO82CD,ACD 


TL431ACD,AID,CD,ID 


UAA1041D 
UC2842AD 
UC2843AD 
UC2844D 
UC2845D 
UC3842AD 
UC3843AD 
UC3844D 
UC3845D 


*To Be Introduced. 


Singie, Low Power, Single Supply Operational Amplifier 
Dual, Low Power, Single Supply Operational Amplifiers 
Quad, Low Power, Single Supply Operational Amplifiers 
Dual Precision Bipolar Operational Amplifier 
Quad Precision Bipolar Operational Amplifier 


Dual Precision Low Input JFET Operational Amplifiers (Trim-in-the-Package) 


Quad Precision JFET Operational Amplifiers (Trim-in-the-Package) 
Single JFET Input Operational Amplifier 

Dual JFET Input Operational Amplifiers 

Electronic Telephone Circuit 


Telephone Tone Ringer 

Telephone Tone Ringer 

Telephone Tone Ringer 

Speech Network and Tone Dialer 

Telephone Speech Network with Dialer interface 
Telephone Tone Dialer 

Telephone Tone Dialer 

Telephone Tone Dialer 

Voice Switched Speakerphone Circuit 
EtA-422/23 Transceivers 


EIA-422/23 Transceivers 

Switchmode Pulse Width Modulation Control Circuit 

Precision DC-to-DC Converter Control Circuit 

Undervoltage Sensing Circuit 

Dual Current Mode PWM Controller 

Single, High Speed, Single Supply Operational Amplifier 

Dual, High Speed, Single Supply Operational Amplifiers 

Quad, High Performance, Single Supply Operational Amplifiers 

High Speed Decompensated (Ayc_ = 2) JFET Input Operational Amplifier 
High Speed JFET Input Operational Amplifier 


Quad High Speed, JFET Operational Amplifier 

Quad High Speed, JFET Operational Amplifier 

Speech Network II 

Speakerphone II 

Telephone Speaker Amplifier 

Power Supply Controller 

Micropower Undervoltage Sensing Circuit 

Single, Low Power, High Speed JFET Operational Amplifier 
Dual, Low Power, High Speed JFET Operational Amplifiers 
Quad, Low Power, High Speed JFET Operational Amplifiers 


High Performance Video IF 

PLL Tuning Circuit w/1.3 GHz Prescaler 

Dual Timing Circuit 

Video Amplifier 

Single BIFET Low Power Operational Amplifier 
Quad BIFET Low Power Operational Amplifiers 
Single, Low Noise JFET Input Operational Amplifier 
Dual, Low Noise JFET Input Operational Amplifiers 
Single, JFET Input Operational Amplifier 

Dual, JFET Input Operational Amplifiers 


Programmable Precision Reference 

Automotive Direction Indicator 

Off-Line Current Mode PWM Controller 

Current Mode PWM Controller 

Off-Line Current Mode PWM Controller (DC < 50%) 
Current Mode PWM Controller (DC < 50%) 
Off-Line Current Mode PWM Controller 

Current Mode PWM Controller 

Off-Line Current Mode PWM Controller (DC < 50%) 
Current Mode PWM Controller (DC < 50%) 
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SO-8 
$0-8 
S$0-14 
$O-8 
SO-14 
$O-8 
SO-14 
$O-8 
SO-8 
PLCC-44 


$0-8 

S$0-8 

$0-8 
PLCC-28 

PLCC-20, SO-20L 

$0-8 

$0-8 

SO-8 
$O-28L 

SO-16 


S$O-16 
SO-14 
S0-8 
$0-8 
SO-16L 
S$O-8 
$O-8 
SO-14 
$0-8 
SO-8 


$O-16L 
SO-16L 
$O-18L 
$0-28L 
$0-8 
$O-14 
$O-8 
$0-8 
SO-8 
$0-14 


SO-24L 
$O-20L 
$O-14 
SO-14 
$0-8 
$O-14 
$0-8 
S0-8 
$O-8 
$O-8 


SOP-8 
$0-8 
SO-14 
SO-14 
S$O-14 
SO-14 
SO-14 
SO-14 
S$0-14 
$O0-14 


Tape and Reel 


Standard Bipolar Logic, Bipolar Analog 
and MOS Integrated Circuits 


Motorola has now added the convenience of Tape and Reel second generation pick-and-place equipment. The packaging 
packaging for our growing family of standard Integrated Cir- fully conforms to the latest E1A-481A specification. The anti- 
cuit products. Two reel sizes are available, for all but the static embossed tape provides a secure cavity, sealed with 
largest types, to support the requirements of both first and a peel-back cover tape. 


Mechanical Polarization 
SOIC DEVICES PLCC DEVICES 


TYPICAL 


TYPICAL 
i 


i 


PLCC-84 44 1 


3 R2 
TO-226AA (TO-92)2 18 2000 13 RA, RB RE, RM, or RP 
{Ammo Pack) only 


Notes: 1. Minimum order quantity is 1 reel. Distriputors/OEM customers may break lots or reels at their option, however broken reels may not be 
returned. 
2. Integrated Circuits in TO-226AA packages are available in Styles A, B and £ only, with optional “Ammo Pack” (Suffix RM or RP). 
For ordering information please contact your local Motorola Semiconductor Sales Office. 


nel 
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Packaging Information fi: 


Case Outline Dimensions 


The packaging availability for each device type is indicated on the individual data sheets and the Selector Guide. 
All of the outline dimensions for the packages are given in this section. 

The maximum power consumption an integrated circuit can tolerate at a given operating ambient temperature 
can be found from the equation: 


Ty(max) — TA 


PD(TA) = ~Raya(Typ) 


where: Pryta) = Power Dissipation allowable at a given operating ambient temperature. This must be greater 
than the sum of the products of the supply voltages and supply currents at the worst case 
operating condition. 
TJ(max) = Maximum Operating Junction Temperature as listed in the Maximum Ratings Section. See 
individual data sheets for Tj(max) information. 
Ta = Maximum Desired Operating Ambient Temperature 
RaJA(Typ) Typical Thermal Resistance Junction to Ambient 


K SUFFIX 
CASE 1-03 


eas F 
Metal Package 

Roa = 45° CIW(Typ) __ 

(TO-3) ; 


E 
—-l|—p an | a 
+[ #030 (0.012) @ [WIV @[0 @| 
asig te | 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TQ-204AA OUTLINE SHALL APPLY. 


| MILLIMETERS | INCHES 
LP, P, Z SUFFIX MIN [ MAX | MIN MAX 
CASE 29-04 ; 0.170 | 0.210 
Plastic Package a ie a 
ReJA = 200° C/W 10016 1.0. 
055 | 0.016 | 0.022 
(TO-226AA/TO-92) | 0.48 | 0.016 | 0.019 
139 | 0.045 | 0.055 
254 [| — | 0.100 
L266 _{ 0.095 {0.105 | 
—_ | 0500 
= [0250 | = | 
2.66 | 0.080 | 0.105 
— [ou] — | 
0135 | — 
[0015 | 0.020 | 


=} 


SEATING PLANE 


— 


ANDO rR (CIT IO in |O lio 


0.50 


NOTES: 

1. CONTOUR OF PACKAGE BEYOND ZONE “P”’ |S 
UNCONTROLLED. 

2. DIM “F” APPLIES BETWEEN “H" AND “'L". DIM 
“D" & “S" APPLIES BETWEEN “L” & 12.70mm 
{0.5”} FROM SEATING PLANE. LEAD DIM |S 
UNCONTROLLED IN “’'H" & BEYOND 12.70mm 
(0.5”} FROM SEATING PLANE. 

3. CONTROLLING DIM: INCH. 
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G, H SUFFIX 

CASE 79-05 

Metal Package 

ReJA = 185° C/W(Typ) 
(TO-39) 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM, . 

4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5, DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
1§ UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 


KC, T SUFFIX 

CASE 221A-06 
Plastic Package 

ReJA = 65° C/W(Typ) 
(TO-220AB) 


T SUFFIX 

CASE 314D-02 
Plastic Package 

ReaJA = 65° C/W(Typ) 


| 


+] 0.356 (0.014) ®| t} 0 @] 
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| D | 044 | 053 | 0.017 | 0.021 | 
| & | 044 | 098 | 0.017 [0.035 _| 
| Ff 041 | 0.48 | 0016 [ 0.019 | 
| G |  sogesc | 0,200 BSC 

| H | 072 | 096 | 0.028 | 0.034 | 
[ J | 074 | 1.01 | 0.029 | 0.040 | 
|_K | 1270 | 19.05 | 0.500 | 0.750_| 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 
LEAD IRREGULARITIES ARE ALLOWED. 


INCHES 

| MAX 
| 0.620 
0.405 


MILLIMETERS 
a 


2 
= 


NS tO 1 1D 2S fr SZ IO IMO | o> oo | > 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


4.572 
0.965 


3.556 
11.889 


12.827 


DT-1 SUFFIX oo 
CASE 369-04 1. DIMENSIONING AND TOLERANCING 


Plastic Package PER ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: 


MILLIMETERS | 
MIN | 
5.97 
6.35 
219 _| 
0.69 _| 
0.84 


4 
= 


Pelee 


n\n 


eo 


191 | 228 
=I 
0.77 | 1.27 {_ 


<= 1M 1D 


DT SUFFIX 
CASE 369A-05 
Plastic Package 
DPAK 


MILLIMETERS | INCHES 
MIN 
{0.235 
0.250 
0.086 
_[ 0.027 
[0.033 [ 0. 
0.030 | 0.045 
0,180 BSC 
[0.034 | 0.040 | 
0.018 | 0.023 


{ 


4 


4 


a9 | 0.102 | 0.14 ave 
BSC 0,090 BSC 
546 | 0.175 | 0.215 0.13 (0.005) ® 


0,88 [0.036 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


NJ< |< fo [5a fox Jae Jo [nfm feo feo ico > |B 


H, G SUFFIX 

CASE 601-04 

Metal Package 

R@JA = 160° C/W(Typ) 
(TO-5) 


+ 


2.44 2,67 | 0.095 | 0.105 


NOTE: 

1. LEADS WITHIN 0.25 mm (0.010) 
DIA OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 
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H, G SUFFIX 
CASE 603-04 
Metal Can 

R@JA = 160° C/W 


G SUFFIX 

CASE 603C-01 

Metal Can 

RaJA = 150° C/W(Typ) 
(TO-100) 


D, J, L, N SUFFIX 
CASE 620-10 

Ceramic Package 
ReJA = 100° C/WTyp) 


{40.25 0.010) ® [tT] A© 


MILLIMETERS | INCHES 


4 
= 


All JEDEC Dimensions and Notes Apply. 


NOTE: 
LEADS WITHIN 0.18 mm (0.007) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 


[_ MILLIMETERS INCHES 
MIN 
0,335 
0.305 | 
0.165 | 
0.016 


y 


+ 


NOTES: 
1. LEADS WITHIN 0.18 mm (0.007) RADIUS OF TRUE 
POSITION TO DIM. “A” & “H” AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 
2. LEAD DIA UNCONTROLLED BEYOND DIM “K” MIN. 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 
. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY. 


MILLIMETERS 


6.10 


_ 


0.39 | 


1,27 


4 


4- 


[4[025 0010 ® [Tt] BO] 


1 


2/5 |\-— RJ QO | amo lo |w 
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L SUFFIX 

CASE 623-05 
Ceramic Package 
RaJA = 53° C/W(Typ) 


MILLIMETERS INCHES 
MIN | MAX | MIN | MAX 
1.230 | 1.290 
49 | 0.500 | 0.610 
5.59 | 0.160 | 0.220 
051 | 0.016 | 0.020 
1.52 | 0.050 | 0.060 
BSC 0.100 BSC 
0.008 | 0.012 
0.125 | 0.160 
0.600 BSC 
| ts 
0.020 | 0.050 


+. 


+ 


+ 


2)E/-)|c lo |mjojojaj>/S 


1. DIM “L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

. LEADS WITHIN 0.13 mm 
(0.005} RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL). 


DP1, N, P, P1 SUFFIX NOTES: 


1. LEAD POSITIONAL TOLERANCE: 
CASE 626-05 $+ [60.13 (0.005) | tla @ [a @] 


Plastic Package . DIMENSION L TO CENTER OF LEADS WHEN FORMED 
Raja = 100° C/W(Typ) PARALLEL. 
. PACKAGE CONTOUR OPTIONAL (ROUND OR SQUARE 
CORNERS), 
. DIMENSIONS A AND B ARE DATUMS. 
. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


MILLIMETERS INCHES 
| DIM | MIN | MAX 
A | 9.40 
6.10 


1.02 
2.54 
0.76 
0.20 
2.92 


= 


2S \r- |x ie |r lO 


0.030 + 0.040 


L 


NOTES: 
J, F, SUFFIX _ DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
CASE 632-08 _ CONTROLLING DIMENSION: INCH. 
Ceramic Package _ DIMENSION L TO CENTER OF LEAD WHEN 
Raja = 100° C/W(Typ) FORMED PARALLEL. 
(TO-116) DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY. 


MILLIMETERS INCHES 
MIN. | MAX 
0,750 | 0.785 
0,245 il 0,280 
0.155 | 0,200 
0,015 | 0.020 


+ 


2 
= 


0.015 
0.170 


ZZ IH (R[C1O (Mola |w |p 


0.25 (0.010) @ |T ¢[0.25 (0010) © [tT] 8] 
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N, P, N-14, P2 SUFFIX NOTES: 
CASE 646-06 1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 
Plastic Pack POSITION AT SEATING PLANE AT MAXIMUM 
astic Package MATERIAL CONDITION, 
RgJA = 100° C/W(Typ) 2. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 
3. DIMENSION “B” DOES NOT INCLUDE MOLD 
FLASH. 
4. ROUNDED CORNERS OPTIONAL, 


|_MIN_| 

B 6.10 
| c | 369 | 
G 


DP2, N, P SUFFIX ES: 
CASE 648-08 _ DIMENSIONING AND TOLERANCING PER 


ANSI Y14.5M, 1982. 
Plastic Package _ CONTROLLING DIMENSION: INCH. 


R@JA = 67° CW(Typ) . DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 
hAaM Aas A} 4 el . DIMENSION "B” DOES NOT INCLUDE MOLD 


FLASH. 
. ROUNDED CORNERS OPTIONAL. 


~T_MILLIMETERS | INCHES | 
MIN. [| MAX 
0.770 
0.270 
0.175 
0.021 
0.070 


NOTES: 
P SUFFIX 1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF 
CASE 648C-02 TRUE POSITION AT SEATING PLANE AT 


MAXIMUM MATERIAL CONDITION. 

. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

. DIMENSION “B” DOES NOT INCLUDE MOLD 

FLASH. 

ROUNDED CORNERS OPTIONAL. 

. INTERNAL LEAD CONNECTION, BETWEEN 4 
AND 5, 12 AND 13. 


Plastic Package 
ReJA = 52° C/W 


Nn 


w 


oP 
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fi 
P SUFFIX MILLIMETERS INCHES 


MIN | MAX | MIN | MAX 
CASE 649-03 31.50 | 3213 | 1.240 | 1.265 
Plastic Package 13.21 | 13.72 | 0.520 | 0.540 
ReJA = 90° C/W(Typ) 


o 


P/O /2/E HAC [TO lM /0 0 |e eS 


4701 5.21 | 0.185 | 0.205 


038 | 051 | 0.015 | 0.020 
0.040 | 0.060 
0,100BSC__| 

| 216 | 0.065 | 0.085 
| 0.008 
[0.115 
{0.590 


NOTES: 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L’ TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 


L SUFFIX 
CASE 690-13 1. -A- AND -B- ARE DATUMS, 


2. -T- IS SEATING PLANE 

Ceramic Package 3, POSITIONAL TOLERANCE FOR LEADS (0D). 

RaJA = 100° C/W(Typ) [4] ¢.0.25 (0.010) [T]a™ [B@] 

4, DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

5, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5, 1973. 


MILLIMETERS INCHES 
MIN | MAX 
0.790 |_ 0.810 
0.280 | 0.306 
0.105 |_ 0.165 
0.015 | 0.021 
0.030 | 0.060 
0.100 BSC 
0.030 | 0.070_| 
0,008 | 0.012 
0.125 | 0.200 
0.300 BSC 
= 10° 
0.015 | 0.060 


4 


J-8, J, JG, U, Z SUFFIX 
CASE 693-02 

Ceramic Package 

RagA = 100° CW(Typ) 


9/O|wol/y> 


lee be 


—_ | 16° 
0.020 | 0.040 


NOTES: 

1, LEADS WITHIN 0.13 mm {0.005} RAD OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 


MOTOROLA LINEAR/INTERFACE DEVICES 
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A, B, N, P SUFFIX 
CASE 707-02 

Plastic Package 

RaJA = 100° C/W(Typ) 


NOTES: 

1, POSITIONAL TOLERANCE OF LEADS (D}, SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2, DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


56 
78 


7.62 BSC 


o | i | o | 15° 
{051 { 1,02 { 0020 | 0.040 


NOTES: 
1. POSITIONAL TOLERANCE OF LEADS {D), SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 
2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 
3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


P SUFFIX 
CASE 710-02 
Plastic Package 


0° 
0.51 


16° 
1.02 


P SUFFIX 
CASE 711-03 
Plastic Package 


NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25 mm (0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


MILLIMETERS | INCHES 
pm [ MIN [| MAX | MIN | MAX 

|_A | 51.69 | 52.45 | 2.035 | 2.065 

| B | 1372 | 1422 | 0540 | 0.560 

rc | 394 | 508 | 0.165 | 0.200 
ee ee cee oe 
G | 254B8SC | 0.100 BSC 

H | ra 2.16 | 0.065 | 0.085 

J | 020 | 0.38 | 0.008 | 0.015 

r k {292 [343 | 0.116 | 0.136 | 
L_ | 15.24BSC_ | 0.600 BSC 

M | 0 + 15° 0° 15° 

NL 051 | 1.02 | 0.020 | 0.040 


MOTOROLA LINEAR/INTERFACE DEVICES 
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CASE 721-02 ane 
Plastic Package 1. DIMENSION “S” TO CENTER OF LEADS WHEN 
R@JA = 52° C/W FORMED PARALLEL. 


MILLIMETERS 


MAX 
21.34 | 0.815 
6.60 | 0.240 | 0.260 


7.37 | 7.87 | 0.290 
16.26 { 16.76 | 0.640 


cote ee suere  euinsieed CONTOUR OPTIONAL 
CASE 724-03 2. DIM“L” TO CENTER OF LEADS WHEN FORMED 
Plastic Package PARALLEL. 
R = 100° C/W(T 3. DIMENSIONS AND TOLERANCES PER ANS! 
JA (Typ) Y14.5M, 1982. 
4, CONTROLLING DIMENSION: INCH. 


MILLIMETERS 4 INCHES 
MIN MIN 
4,230 
0.250 
0.145 
0.015 


rE 


: 


J 24 Pt 


D 2A [4|0.2510.010)@ 
[40250010 [T[A® | 


zz |= ir 


NOTES: 
J, L SUFFIX 1. LEADS, TRUE POSITIONED WITHIN 0.25 mm 


CASE 726-04 (0.010) DIA. AT SEATING PLANE, AT MAXIMUM 
Ceramic Package MATERIAL CONDITION. 


DIM “L” TO CENTER OF LEADS WHEN FORMED 
Raja = 100° C/W(Typ) PARALLEL. 


. DIM “A” & “B” INCLUDES MENISCUS. 

. “PF DIMENSION IS FOR FULL LEADS. “HALF” 
LEADS ARE OPTIONAL AT LEAD POSITIONS 1, 9, 
10, AND 18. 


MILLIMETERS 


g° 15° 


| | 
051 | 1.02 


2S [X Je [=X IAQ | HI |-E jw |> 


MOTOROLA LINEAR/INTERFACE DEVICES 
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L SUFFIX 


CASE 732-03 NOTES: 


Ceramic Package ee te Oe 
—_ ° : IMU 
ReJA = 75° C/(W eee o MATERIAL CONDITION. 
2. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 
3. DIM A AND B INCLUDES MENISCUS. 


4 


MILLIMETERS 


o 
ONO /O o> |S 
= 


om vasa ata! Golam a 


|z| 


TI 
zZ)ei7~ 


i: 


L SUFFIX 
CASE 733-04 
Ceramic Package 


NOTES: 
1. DIM IS DATUM. 
2. POSITIONAL TOL FOR LEADS: 


$14 0.25 (0.010) @[T[A @] 
3. IS SEATING PLANE. 
4, DIM A AND B INCLUDES MENISCUS. 
5. DIM -L- TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 
6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 
7. CONTROLLING DIM: INCH. 


Pate oe Ta 
06 | 584 | 


0.51 1.27_| 0.020 | 0.050 


NOTES: 
P SUFFIX 1. DIMENSIONING AND TOLERANCING PER ANSI 


CASE 738-03 Y14.5M, 1982. 
Plastic Package 2. CONTROLLING DIMENSION: INCH 
ae 3. DIMENSION "L” TO CENTER OF LEAD WHEN 
Raga = 75° CW FORMED PARALLEL. 
4. DIMENSION “B” DOES NOT INCLUDE MOLD 
FLASH. 


[ MILLIMETERS _[ INCHES 
MIN | MAX | MIN 

25,66 | 27.17 | 1.010 | 
610 | 660 | 0240 | 

381 | 457 | 0.150 
039 | 055 | 0.015 
1.27 BSC 


i=] 


2/3 |H AR JC 1 | | 0 Joo > |S 


=— 


opt 


+t 


J 20PL 


D 2A [4[0.25 10.010) [t 
[4/025 10.010) @ | tla® | 


+ 


0.51 1.01 | 0.020 


MOTOROLA LINEAR/INTERFACE DEVICES 


13-11 


D SUFFIX 
CASE 751-03 
Plastic Package 
(SO-8, SOP-8) 


as 


1 


D SUFFIX 
CASE 751A-02 
Plastic Package 
(SO-14) 


D SUFFIX 
CASE 751B-03 
Plastic Package 
(SO-16) 


NOTES: 

1. DIMENSIONS “A” AND “B‘ ARE DATUMS AND 
"TIS A DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

3. CONTROLLING DIM: MILLIMETER. 

4. DIMENSION “A” AND “B” DO NOT INCLUDE 
MOLD PROTRUSION. 


LB 6 pono Os ©] ®. MAXIMUM MOLD PROTRUSION 0:15 (0.08) ER 


4 


MILLIMETERS INCHES 
MIN 


Ss 
= 


(41025 (o010; @[t[b Ola SO] 


SPL 


NOTES: 

. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 


— 


[-B- | MILLIMETERS INCHES 
P [4] 0.25 (0.010) @[a @ {a MAX | MIN | 


+ 


R X 45° 


T tT 


2) /%|25|— o|-n/0|o|o|>|/S 


+ 0.25 (0.010) M{T1B ©lLA © 


NOTES: 

1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 


. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 


Mi 
8. MILLIMETERS 


0.25 (0.010) @|B 


_— 580 | 620 | 0.229 | 0.204 
[+] 025 10.010 @[ tla Oa ®] [025 [ 050 | oo10 { 0.019 


MOTOROLA LINEAR/INTERFACE DEVICES 
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NOTES: 
DW SUFFIX 1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
CASE 751C-03 DATUM SURFACE. 
_ DIMENSIONING AND TOLERANCING PER ANSI 
Plastic Package Y14.5M, 1982. 
_ CONTROLLING DIMENSION: MILLIMETER. 
DIMENSION A AND B 00 NOT INCLUDE MOLD 
PROTRUSION. 
. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 


(B-] P [4[025 0010 [8 @| 


9PL MILLIMETERS 


LL 


——. 
ie . w pb 


[4] 025 0.010) @[t[s ©[a © 


DW SUFFIX 1. DIMENSIONS A AND 8 ARE DATUMS AND TIS A 

CASE 751D-03 DATUM SURFACE. 

Plastic Package 2. DMENSIONNG AND TOLERANCING PER ANSI 

(SO-20L) 3. CONTROLLING DIMENSION: MILLIMETER. 

4. DIMENSION A AND B 00 NOT INCLUDE MOLD 
PROTRUSION. 

5, MAXIMUM MOLD PROTRUSION 0.15 (0.006) 


PER SIDE. 
p [4102500101 [8 © 


10 PL 


DW SUFFIX 


NOTES: 
CASE 751E-03 : 1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
Plastic Package DATUM SURFACE. 
- y . DIMENSIONING AND TOLERANCING PER ANSI 
(SO-24L) ; Y14.5M, 1982. 
. CONTROLLING DIMENSION: MILLIMETER. 
. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 
. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 


MILLIMETERS CHES 


Di MIN MIN 
15.25 . 0.601 
7.40 A 0.292 i 


oo | > 


QIN 


i 


MOTOROLA LINEAR/INTERFACE DEVICES 
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DW SUFFIX 
CASE 751F-03 
Plastic Package 


NOTES: 
(SO-28L) . 1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
3. CONTROLLING DIMENSION: MILLIMETER. 
. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 
. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 


MILLIMETERS INCHES 
|_DIM [Min | MAX | 


Pd 


0.014 | 
0.016 


T 


Dj |S [KK [CIA | nlo lo 


0.0090 | 0. 
0.0050 0 
; 


0.395 _| 


am Dow Emm Bi é 2 75 [0.010 | 0.029 
D 2PL 


[+] 0.25 0.010) @[ t[B Ola © 


DW SUFFIX 
CASE 751G-01 


Plastic Package NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND TIS A 


(SO-16L) DATUM SURFACE. 

_ DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 


: 


8PL MILLIMETERS INCHES 


7 ae xX 45° 

+ - SEATING KS + EE : ; 0.009 
Fn a eet et 

K M F J . ; i 0.415 | 

[410.25 0.010) [7/8 Ola O} ; 10 | 0.029 


MOTOROLA LINEAR/INTERFACE DEVICES 
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NS 
1. DIMENSIONS A, AND C ARE DATUMS. 
CASE 762-01 AND -T- I$ A DATUM PLANE. 
Plastic Medium Power Package . POSITIONAL TOLERANCE FOR 
(SIP 9) LEAD DIMENSION D: 


—_ IN [4] 60.25 (0.010) ® TJ A®@) 
Rada = 70° CA(Typ) . POSITIONAL TOLERANCE FOR 


Resc = 15° C/W(Typ) ) LEAD DIMENSION J: 

[+1 @ 0.25 (0.010) @ 

. POSITIONAL TOLERANCE FOR LEAD 
DIMENSION 0: 
0.25 (0.010) | -T-] A® 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y145, 1982. 

. CONTROLLING DIMENSION: MILLIMETER. 


MILLIMETERS | INCHES 

MAX [| MIN | MAX 

00 | 0.873 | 0,897 _| 

| 0 | 0.252 252 [ 0,260 

0.135 | 1.143 | 
0.015 | 0.021 

[ 0.368 | 0.377 

0.055 | 0.062 
0.100BSC 

“} 0.059 | 0.067 

0.014 | 0.015 


0.155 | 0.165 
30° BSC | 
0.099 | 0.106 


“0.113 BSC 
00025 | 0.029 


70 [280 | 0.106 | 0.110 | 


>< 


< 


FN SUFFIX _ DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
a WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
CASE 775-02 BODY AT MOLD PARTING LINE, 
Plastic Package _ DIM Gl, TRUE POSTION TO BE MEASURED AT 
(PLCC-20) DATUM -T-, SEATING PLANE, 
= 72° CW(T . DIMR AND UDO NOTINCLUDEMOLD 
ReJA = 72° C/W(Typ) PROTRUSION. ALLOWABLE MOLD PROTRUSION 
(5K SQML) IS 0.25 (0.010) PER SIDE. 
. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
. CONTROLLING DIMENSION: INCH. 


—B [4/018 10007 ® [Tt] NO-P@[LOM@ 


MILLIMETERS INCHES 
MAX 
10,03 
10.03 
+43! 
[279 
0.48 
BSC 
0.66 [0.81 
0.51 


—u [4[o18 (0007 @ [tT] NOP @[LOm® 


{ 


4 


+ 


a 
[¥]o25 000 © ‘TT NOr@|LOmuG] 


0.18 10.007] @ [Tt] L@-m@| N@-P® 


l 
018 0001 © [t[L Ou @[nOrO u[tlewean peewee ts 


$10.18 0.0071 @ |T|/NOPOiLO-MO 


KI 


{ { fof fo fopet 


BIN |< ><] ]<]C 20] 25 Je jx ]@|-n] moo jon | > |S 


™~ 
= 


[0.10 (0.004) | 
[ 7] sean pane ane eee [0.18 (0.007) ® {tLOmO[N@ Po 
| 0.18 (0.007) ® SIRTCSOMOT IO 


\— DETAIL S DETAIL $ 


[4[025 10010) ® [tT] 1 ©m@[nOr® 


MOTOROLA LINEAR/INTERFACE DEVICES 
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FN SUFFIX 

CASE 776-02 

Plastic Package 
(PLCC-28) 

ReJA = 66° CW(Typ) 


B [4018007 © [tT NOP OLOnG] 


u [a]or8 0007 © [tT NOrO[LOn@] 
NOTE 1 


G1 


NOTES: 
1 


. DUE TO SPACE LIMITATION, CASE 
776-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 28 LEADS. 

. DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
1S 0.25 (0.010) PER SIDE. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

, CONTROLLING DIMENSION: INCH. 


MILLIMETERS INCHES 
MIN | MAX | MIN | MAX 
12:32 | 1257 | 0.485 | 0.495 
12.32 | 12.57 | 0.485 | 0.495 
4.20 | 457 | 0.165 | 0.180_| 
0.090 | 0.110 


+++ 


= 


[#]025 00101 @ [tT]. NOPO]LO-nd] 


4[0.18 (0.007) ® 


-+] 0.18 (0.007) ® 


+/0.25 (0.010) ® | t] 1 @-M@| nO-P® 


FN SUFFIX 

CASE 777-02 

Plastic Package 

(PLCC-44) 

ReJA = 55° C/W(Typ) 
(10K SQML) 


[+}0.18 0.007 © [tT] LO-m@[N@-PO) 
[+]0.18 0.0077 @ [tT] NO-P@[LO-u@ 


0.18 0.007) ® [tT] L©O-mM@[N@-PO] 
0.18(0.007) ® [Tt wO-P@|L@-n@ 


e [+]0.18 0007) © [tT NOr@[LOuG@] 


u [4018100071 © [t] NOP O]L Ome] 
NOTE 1 


a 
(4[025 (0.010 © [7] NOP O[LOnG] 


(4] 0.180.007 © [7] LOM O[N@rO) 


+[0.18 (0.007) © [tT] \Ou@[n@rO] 


F [eewean Peace 
+ 


025 (0.010) @ [T]LO-mM@[NO-PO] 


0.18 (0.007) ® [tT] n@-P@®|LO-m@ 


nee 


«1 


tile 


DETAH S 


+} 0.18 (0.007) ® Tee ete 
[+[0.18 10.0071 ® [t[ NO-P@|LO-u@ 
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0.013 | 0.019 
0.050 BSC_| 
[0026 | 0.032 


Seada, 


2S GP | mc |e | [ac [| am [os fe [a 1a |-n [rm > [o> [> |S 


t+ a 


4~ 


NOTES: 
1. DUE TO SPACE LIMITATION, CASE 
777-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 44 LEADS. 

. DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE, 

. DIM R AND U DO NOT INCLUDE MOLO 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 


|_ MILLIMETERS 
MIN | MAX 
17.40 | 17.65 
17.40 | 17.65 
420 | 457 
2.29 
0.33 


i 


—r 


t+ 


Tar 


TEBE IN [P< > | cl [oe [os | [> | [em ier eo |> |S 


0.610 | 0.630 | 
0.040 {| — 


Ze Ye 10) 


Mounting Arrangement For Flange Mount TO-204AA 


Hardware Used for a TO-204AA (TO-3) 
Flange Mount Part — 


NO. 6 SHEET METAL SCREWS 


POWER 
TRANSISTOR 


INSULATOR 


INSULATING 
BUSHING 
HEAT 
SINK 
a 


SOCKET 


DRAWINGS NOT 
TO SCALE 


FRONT TEMPLATE BACK TEMPLATE 


For further information, please refer to Application Note AN1040. 


MOTOROLA LINEAR/INTERFACE DEVICES 
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TRANSISTOR SOCKET 
B51084A001 


0.144 + 0.003 DIA 
(2 HOLES) 
0.188 
0.171 DIA 
(2 HOLES) 9 918 DIA 
0.003 TEFLON-COATED .020 ALUMINUM Pee eta 
FIBERGLASS INSULATOR INSULATOR “3 
B51080A001 B51078A001 ‘i 
.002 MICA 
0.026 TYP 
INSULATOR 
XP PHENOLIC, B52600F011 
2 HOLES 2 HOLES VACUUM WAX 
0.144 + 0.003 IMPREGNATED 


0430 
+ 0,003 
»’ 
. 060 + .005 143 + 003 
jo 0215 BRASS, DIA 
+. __£0.003 CADMIUM PLATED 
0.0002 THK 
(2 HOLES) -{}—- =(3) 
0.136 + 0.003 {f} 
0518 DA 0.031 lH 9 aby — 
an {¥0524 » 0.031 — 0.375 DIA 
+ 
ia— 1.350 \ =| 1.184 = ons NYLON INSULATING BUSHING 
+0010 > 1.190 B51547F002 


6.99 

0.275 ” O 

2.03-2.36 | L 12.70 +0.79 NO. 6 SHEET METAL SCREW 
0.080-0.093 ~ 0.500 + 0.031 B51564F003 


MOUNT ON BACK OF CHASSIS 


BACK TEMPLATE 
B51087A002 


0.156 DIA 
(2 


) 
188 DIA 


FRONT TEMPLATE 
B51087A001 


MOTOROLA LINEAR/INTERFACE DEVICES 
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Mounting Arrangements For Tab Mount TO-220 


a) Preferred Arrangement b) Alternate Arrangement 
for Isolated or Non-isolated _for Isolated Mounting when 
Mounting. Screw is at Screw must be at Heatsink 
Semiconductor Case Potential. 4-40 Hardware is 
Potential. 6-32 Hardware is Used. 

Used. 


Use Parts Listed Below. 
Choose from Parts Listed 


— wy 


ee oe 4-40 PAN OR HEX HEAD SCREW 
6-32 HEX 
HEAD SCREW 
B FLAT WASHER 
4 


os INSULATING BUSHING 


SEMICONDUCTOR 
(CASE 221, 221A) 


(1) RECTANGULAR STEEL 
ee 


(2) RECTANGULAR 
INSULATOR 
“XN 


\ 
PEATSING RECTANGULAR 


| INSULATOR 


2% 
(2) BUSHING HEATSINK 


ae 


(3) FLAT WASHER 
———S— COMPRESSION WASHER 


(4) CONICAL WASHER | 
ig ee er ag 


6-32 HEX — 4-40 HEX NUT 


Sone cai 


(1) Used with thin chassis and/or large hole. 
(2) Used when isolation is required. 
(3) Required when nylon bushing is used. 


For further information, please refer to Application Note AN1040. 


MOTOROLA LINEAR/ANTERFACE DEVICES 
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MOUNTING ARRANGEMENTS FOR TAB MOUNT TO-220 


(DIMENSION — 


MILLIMETER 


) 


INCH 


3.71:3.81 
0.146-0.150 


8.20-8.46_ a 


"9.323-0.333 [eee oes 


—_— = 


+ 


STEEL COMPRESSION 


WASHER 
B52200F004 


HEX HEAD SCREW 
CARBON STEEL 
CADMIUM-PLATED 
(See table below.) 


3.05-3.28 


0.120-0.129 


1.02-1.40 


9.27-9.53 { 
0.365-0.375 4 


13.84-14.10 
0.545-0.555 


E 


ok 


1.02-1.40 
0.040~-0.055 


STEEL COMPRESSION 


WASHER 
B52200F005 


HEX NUT 


CARBON STEEL 
CADMIUM-PLATED 


MICA INSULATOR 
B08853A001 


3.68-3.89 
0.145-0.153 


14.60-14.86 
0.575-0.585 


4.97-5.23 


0.196-0.201 
21.43-21.17 


1.35-1.57 


0.053~0.062 


| 2.41-2.67 


0.095-0.105 


0.046--0.086 


0.844-0.833 


RECTANGULAR 


STEEL WASHER 
Bo9002A001 


(See table below.) 


K 


|. ouine 16-10.41 


_3.58-3.68 _ 
0.141-0.145 


_5.46-5.72_ 


f 0.2150.225 


|. ouine 


oe 1.727 


0.0595-0.0680 


DIMENSIONS — MILLIMETER (INCH) 


NYLON BUSHING 


0.0018—0.0034 


NYLON 


INSULATING BUSHING 


(See table below.) 


PART NO. 


DIMA 


DIM B DIM C 


DIM D 


DIME 


B51547F005 


9.40-9.65 
(0.370-0.380) 


3.84-4.09 
(0.151-0.161) 


2.16-2.41 


(0.085-0.095) 


6.10-6.35 
(0.240-0.250) 


1.02-1.27 
(0.040-0.050) 


B51547F019 


5.59-6.10 
(0.220-0.240) 


3.05-3.15 
(0.120-0.124) 


1.73-1.91 


(0.068-0.075) 


3.61-3.68 
(0.142-0.145) 


0.51-0.64 
(0.020-0.025) 


HEX NUT 


PART NO. 
BO9490A005 


6.12-6.35 (0.241-0.250) 


DIM H 


DIM J 


DIM K 


6.98-7.34 (0.275-0.289) 


2.21-2.49 (0.087-0.098) 


2.84 NOM (0.112 NOM) 


BO9490A006 


7.67-7.92 (0.302-0.312) 


8.74-9.17 (0.344-0.361) 


2.59-2.90 (0.102-0.114) 


3.50 NOM (0.138 NOM) 


HEX HEAD SCREW 


PART NO. 


DIMM DIM N 


DIM P 


DIMQ 


DIM R 


BO09489A034 


0.112-40 {| 1.57 (0.62) 


1.24-1.52 (0.049-0.060) 


5.13 MIN (0.202 MIN) 


4.60-4.75 (0.181 -0.187) 


BO9489A035 


0.138-32 | 1.57 (0.62) 


2.03-2.36 (0.080-0.093) 


6.91 MIN (0.272 MIN) 
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6.20-6.35 (0.244-0.250) 


cw 
LAR. 


SOIC MINIATURE IC PLASTIC PACKAGE 
Thermal Information 


The maximum power consumption an integrated circuit can tolerate at a given 
operating ambient temperature, can be found from the equation: 


_ TJ(max) -— Ta 
P(DTa) = 
Roja (Typ) 
Where: PE(T a) = power dissipation allowable at a given operating ambient temperature. 
TJ(max) = Maximum operating junction temperature as listed in the maximum ratings 
section 


TA = Desired operating ambient temperature 
R@JA(Typ) = Typical thermal resistance junction to ambient 


[ symbot [vee [Oni] 
-—40 to +85 °C 


Maximum Ratings 


THERMAL RESISTANCE OF SOIC PACKAGES 


Measurement specimens are solder mounted on a Philips SO test board #7322-078, 
80873 in still air. No auxiliary thermal conduction aids are used. As thermal resistance 
varies inversely with die area, a given package takes thermal resistance values between 
the max and min curves shown. These curves represent the smallest (2000 square mils) 
and largest (8000 square mils) die areas expected to be assembled in the SOIC package. 


Figure 1. Thermal Resistance, Junction-to- Figure 2. Thermal Resistance for SOP-8 
Ambient (°C/W) Package Die 2K mils2 


P.C. BOARD HEATSINK EXAMPLE 


MINIMUM PAD 
FOOTPRINT 


MIN DIE SIZE 
2K MILS2 


MAX DIE SIZE 
8K MILS2 


SEE FIG. 2 FOR 
HEAT SINK DETAIL 


$0-8 sOP-8" S0-14 $0-16 0 10 20 30 40 50 
PACKAGE STYLE L — LENGTH OF COPPER FLAG 


DATA TAKEN USING PHILIPS SO TEST BOARD #7322-078, 80873 
“SOP-8 USING STANDARD SO-8 FOOTPRINT — MIN PAD SIZE 
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Quality and Reliability 
Assurance 


Quality Concepts 


The word Quality has been used to describe many things, 
such as fitness for use, customer satisfaction, customer 
enthusiasm, what the customer says quality is, etc. These 
descriptions convey important truths, however quality should 
be described in a way that precipitates immediate action. With 
that in mind quality can be described as reduction of var- 
iability around a target, so that conformance to customer 
requirements/expectations can be achieved in a cost 
effective way. This definition provides direction and potential 
for immediate action for a person desiring to improve quality. 
Quality Improvement for a task or a process can be quickly 
described in terms of the target, current status with respect 
to target (variability), reduction of variability (commitment to 
never ending improvement), customer requirements (who 
receives output, what are person's requirements/expecta- 
tions) and economics (cost of nonconformance; loss function, 
etc.). 

The definition of quality as described above can be applied 
to a task, process or a whole company. If we are to reap the 
benefits of quality and obtain a competitive advantage, quality 
must be applied to the whole company. 

Application of quality to the whole company has come to 
be known by such names as “Total Quality Control” (TQC); 
“Company Wide Quality Control” (CWQC); “Total Quality 
Excellence” (TQE); “Total Quality Involvement” (TQ). 
These names attempt to convey the idea that quality is a 
process (a way of acting continuously) rather than a program 
(implying a beginning and an end). Nevertheless for this pro- 
cess to be successful it must be able to show measurable 
results. 

Implementation of quality ideas, company, wide requires a 
quality plan showing: A philosophy (belief) of operation, 
measurable goals, training of individuals and methods of 
communicating this philosophy of operation to the whole 
organization. 

Motorola, for example, believes that quality and reliability 
are the responsibility of every person. Participative Man- 
agement Program (PMP) is the process by which problem 
solving and quality improvement are facilitated at all levels 
of the organization. Continuous improvement for the indi- 
vidual is facilitated by a broad educational program covering 
on-site, university and college courses. The Motorola Train- 
ing and Education Center (MTEC) provides leadership and 
administers this educational effort on a company wide basis. 

Another key belief is that quality excellence is accom- 
plished by people doing things right the first time and 
committed to never ending improvement. The Six Sigma 
(6a) challenge is designed to convey and facilitate the idea 
of continuous improvement at all levels. 

“Six Sigma is the required capability level to approach the 
standard. The standard is zero defects. Our goal is to be 
Best-in-Class in product, sales and service.” (For a more 
detailed explanation, contact your Motorola Representative 
for a pamphlet of the Six Sigma Challenge.) 

Quick insight into Six Sigma is obtained if we realize that 
a Six Sigma process has variability which is one half of the 
variation allowed (tolerance; spread) by the customer require- 
ments (i-e. natural variation is one half of the customer spec- 


ification range for a given characteristic). When Six Sigma is 
achieved, virtually zero defects are observed in the output of 
a process/product even allowing for potential process shifts 
(Figure 1). 


Mean Six Sigma Capability 


Virtually Virtually 
Zero Defects Zero Defects 
(3.4 pom) (3.4 ppm) 


-60 -Sa0 -40 -30 -20 -I1o0 0 lo 20 30 4a 50 6a 
‘q—__—_——_— + Six Sigma Design Specification Width ———_>! 


' 
FIGURE 1 — A SIX SIGMA PROCESS HAS VIRTUALLY ZERO 
DEFECTS ALLOWING FOR 1.50 SHIFT 


Policies, objectives and five year plans are the mecha- 
nisms for communicating the key beliefs and measurable 
goals to all personnel and continuously keeping them in focus. 
This is done at the corporate, sector, group, division, and 
department levels. 

The Analog Division, for example, evaluates performance 
to the corporate goals of 10 Fold Improvement by 1989; 
100 Fold Improvement by 1991 and achievement of Six 
Sigma capability by 1992 by utilizing indices such as Out- 
going Electrical and Visual Mechanical Quality (AOQ) in 
terms of PPM (parts per million or sometimes given in ‘parts 
per billion’); % of devices with zero PPB; product quality 
returns (RMR); number of processes/products with specified 
capability indices (cp; cpk); Six Sigma capability road- 
maps; failure rates for various reliability tests (operating 
life, temperature humidity bias, hast, temperature cycling, 
etc.); on time delivery; customer product evaluation and 
failure analysis turnaround; cost of nonconformance; 
productivity improvement and personnel development. 

Figure 2 shows the improvementin electrical outgoing qual- 
ity for bipolar analog products over recent years in a nor- 
malized form. 

Documentation controf is an important part of statistical 
process control. Process flow charting with documentation 
identified allows visualization and therefore optimization of 
the process. Figure 4 shows a portion of a flow chart for 
Wafer Fabrication. Control plans are an important part of 
Statistical Process Control, these plans identify in detail crit- 
ical points where data for process control is taken, parameters 
measured, frequency of measurements, type of contro! 
device used, measuring equipment, responsibilities and reac- 
tion plans. Figure 5 shows a portion of a control plan for wafer 
fabrication. These flow charts and control plans exist for all 
product flows. 

Six Sigma progress is tracked by roadmaps. A portion of 
a roadmap is shown for example on Figure 6. 

On Time Delivery is of great importance, with the current 
emphasis on just-in-time systems. Tracking is done on an 
overall basis, and at the device level. 
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FIGURE 2 — OUTGOING ELECTRICAL QUALITY (AOQ) TREND/NORMALIZED 1980 = 100% 
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ROLLING 13 WEEK ENDING NOV. '87 


100K-499K PPB 500K-999K PPB 


1K-99K PPB 
LLL La 


ZERO PPB 
VALI 


FIGURE 3 — PERCENT (%) OF DEVICES WITH ZERO PARTS PER BILLION (AOQ) 
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PROCESS CONTROL PLAN 


DOCUMENTATION & SPC 
OPERATION REFERENCE # IMPLEMENTATION 


BURIED LAYER OXIDE 


PREDIFFUSION CLEAN 12MSM 45640A 
WAFER INSPECTION AFTER CLEAN 12MSM 53692A 


BURIED LAYER OXIDE 12MSM 35443A REF. #1 CONTROL PLAN, OXIDE THICKNESS 
NANOSPEC/AFTER DEP. 12MSM 51418A 


CV PLOTTING 12MSM 53805A 
CV EVALUATION 12MRM 45486A 


BURIED LAYER PHOTO MASK 


WAFERTRAC PROCESS 12MSM 51416A REF. #10 X BAR & R, RESIST THICKNESS 
(SCRUB/BAKE/COAT/BAKE) 


12MSM 35093A 
“CMSM 51416A 


P-CHART, A.D.I. REDO 


FIGURE 4 — PORTION OF A PROCESS FLOW CHART FROM WAFER FAB, SHOWING DOCUMENTATION CONTROL AND SPC 


Characteristics: Description Description 
VISUAL DEFECTS F FILM SHEET RESISTANCE 
VISUAL DEFECTS .. .MICROSCOPE ; REFRACTIVE INDEX 
PARTICLE ... MONITOR E CRITICAL DIMENSION 
FILM THICKNESS f CV PLOT 


Reaction Plan: 
Process Characteristic Part/Process Measurements Analysis Frequency Point out of 
Location . Affected Detail Method Methods Sample Size Limit (3) (4) 


BLL. OXIDE OXIDE NANOMETRIC = CONTROL EVERY RUN IMPOUND LOT (1) 
THICKNESS GRAPH 3 WFR/RUN ADJUST TIME TO 
CENTER PROCESS 
PER SPEC 


THICKNESS DIGILAB X RCHART EVERY RUN IMPOUND LOT (1) 
5SITES/WFR NOTIFY ENGR. 


THICKNESS DIGILAB X RCHART 1WFR/SHIFT IMPOUND LOT (2) 
S5SITES/WFR NOTIFY ENGR. 


FILM 4PT PROBE X RCHART EVERY RUN IMPOUND LOT (1) 
RESISTIVITY SSITES/WFR NOTIFY ENGR. 


FILM 4PT PROBE X RCHART IWFR/SHIFT IMPOUND LOT (2) 
SSITES/WFR NOTIFY ENGR. 


MOVING R EVERY LOT IMPOUND LOT 
1 CTRL WFR NOTIFY LPO 
PER LOT i 


FIGURE 5 — PART OF A WAFER FAB CONTROL PLAN, SHOWING STATISTICAL PROCESS CONTROL DETAILS 
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+6o0 Summary 


Step 


1. Identify critical characteristics 


2. Determine specified product elements 
contributing to critical characteristics 


3. For each product element, determine 
the process step or process choice 
that affects or controls required performance 


. Determine maximum (real) allowable 
tolerance for each 


Product description 

Marketing 

Industrial Design 
R&D/Developmental Engineering 
Actual or potential customers 


© Critical Characteristics Matrix 

@ Cause-and-effect and Ishikawa diagrams 

e@ Success tree/fault tree analysis 

@ Component search or other forms of planned 
experimentation 

@ FMECA (Failure Mode Effects and Critical Analysis) 


e@ Planned experiments 

@ Computer-aided simulation 

e@ TOP/process engineering studies 
@ Multi-vari analysis 

@ Comparative experiments 


e@ Graphing techniques 
Engineering handbooks 
Planned experiments 
Optimization, especially response surface methodoloov 


FIGURE 6 — PART OF SIX SIGMA (67) ROADMAP SHOWING STEPS TO SIX SIGMA CAPABILITY 


Reliability Concepts 


Reliability is the probability that a Linear integrated circuit 
will perform its specified function in a given environment for 
a specified period of time. This is the classical definition of 
reliability applied to Linear integrated circuits. 

Another way of thinking about reliability is in relationship 
to quality. While quality is a measure of variability (extending 
to potential nonconformances-rejects) in the population 
domain, reliability is a measure of variability (extending to 
potential nonconformances-failures) in the population, time 
and environmental conditions domain. In brief reliability can 
be thought of as quality over time and environmental 
conditions. 

The most frequently used reliability measure for integrated 
circuits is the failure rate expressed in percent per thousand 
device hours (%/1000 hrs.). If the time interval is small the 
failure rate is called “Instantaneous Failure Rate’’ [A (t)] or 
“Hazard Rate.” If the time interval is long (for example total 
operational! time) the failure rate is called “Cumulative Fail- 
ure Rate.” 

The number of failures observed, taken over the number 
of device hours accumulated at the end of the observation 
period and expressed as a percent is called the point estimate 
failure rate. This however, is a number obtained from obser- 
vations from a sample of all integrated circuits. If we are to 
use this number to estimate the failure rate of all integrated 
circuits (total population), we need to say something about 
the risk we are taking by using this estimate. A risk statement 
is provided by the confidence level expressed together with 
the failure rate. For example, a 0.1% per 1000 device hours 
failure rate at 90% confidence level can be thought of as 90% 
of the integrated circuits will have a failure rate below 0.1%/ 
1000 hours. Mathematically the failure rate at a given con- 


fidence level is obtained from the point estimate and the CHI 
square (X2) distribution. (The X2 is a statistical distribution 
used to relate the observed and expected frequencies of an 
event.) In practice, a reliability calculator rule is used which 
gives the failure rate at the confidence level desired for the 
number of failures and device hours under question. 

As the number of device hours increases, our confidence 
in the estimate increases. In integrated circuits, it is preferred 
to make estimates on the basis of failures per 1,000,000,000 
(109) device hours (FITS) or more. If such large numbers of 
device hours are not available for a particular device, then 
the point estimate is obtained by pooling the data from 
devices that are similar in process, voltage, construction, 
design, etc., and for which we expect to see the same failure 
modes in the field. 

The environment is specified in terms of the temperature, 
electric field, relative humidity, etc., by an Eyring type equa- 
tion of the form: 

4) B Cc 
A = Ae KT 8 AH on) E 

Where A, B, C, @ & K are constants, T is temperature, RH 
is relative humidity, E is the electric field, etc. 

The most familiar form of this equation deals with the first 
exponential which shows an Arrhenious type relationship 
of the failure rate versus the junction temperature of inte- 
grated circuits, while the causes of failure generally remain 
the same. Thus, we can test devices near their maximum 
junction temperatures, analyze the failures to assure that they 
are the types that are accelerated by temperature and then 
applying known acceleration factors, estimate the failure 
rates for lower junction temperatures. Figure 7 shows an 
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example of a curve which gives estimates of typical failure 
rates versus temperature for integrated circuits. 


Arrhenious type of equation: A = Ae — = 
Where: = Failure Rate 

= Constant 

= 2.72 


Activation Energy 
Botzman’s Constant 
Temperature in Degrees Kelvin 


a 
A 
e 
© 
K 
T 


Ty = Ta + 9a Pp orTy = To + 9CPD 


Where: Ty = Junction Temperature 
Ta = Ambient Temperature 
Tc = Case Temperature 
0jA = Junction to Ambient Thermal Resistance 
AJC = Junction to Case Thermal Resistance 
Pp Power Dissipation 


Failure rate curves for equipment and devices can be rep- 
resented by an idealized graph called the Bathtub Curve 
(Figure 8). 
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FIGURE 7 — TYPICAL FAILURE RATE versus 
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FIGURE 8 — FAILURE RATE versus TIME (BATHTUB CURVE) 


There are three important regions identified on this curve. 
In Region A, the failure rate decreases with time and it is 
generally called infant mortality or early life failure region. 
in Region B, the failure rate has reached a relatively constant 
level and it is called constant failure rate or useful life 
region. In the third region, the failure rate increases again 
and it is called wearout region. Modern integrated circuits 
generally do not reach the wearout portion of the curve when 
operated under normal use conditions. 

The wearout portion of the curve can usually be identified 
by using highly accelerated test conditions. For modern inte- 
grated circuits, even the useful life portion of the curve is 
characterized by so few failures compared to the accumu- 
lated device hours, that the useful life portion of the curve 
looks like a continuously decreasing failure rate curve (Figure 
8, dotted line). 

The infant mortallty portion of the curve is of most interest 
to equipment manufacturers because of its impact on cus- 
tomer perception and potential warranty costs. In recent years 
the infant mortality portion of the curve for integrated circuits, 
and even equipment, has been drastically reduced (Figure 
8, note arrows showing reduction of infant mortality). The 
reduction was accomplished by improvements in technology, 
emphasis on statistical process control, reliability modeling 
in design and reliability in manufacturing (wafer reliability, 
assembly reliability, etc.). In this respect many integrated cir- 
cuit families have a continuously decreasing failure rate 
curve. 

Does a user stil] need to consider burn-in? For this question 
to be answered properly the IC user must consider the target 
failure rate of the equipment, apportioned to the compo- 
nents used, application environment, maturity of equipment 
and components (new versus mature technology), the impact 
of a failure (i.e. safety versus casual entertainment), main- 
tenance costs, etc. Therefore, if the IC user is going through 
these considerations for the first time, the question of burn- 
in at the component level should be discussed during a user- 
vendor interface meeting. 

A frequently asked question is about the reliability differ- 
ences between plastic versus hermetic packaged integrated 
circuits. In general, for all bipolar integrated circuits including 
linear, the field removal rates are the same for normal use 
environments, with many claims of plastic being better 
because of their “solid block” structure. 

The tremendous increase in reliability of plastic packages 
has been accomplished by the continuous improvements in 
piece parts, materials and processes. Nevertheless differ- 
ences can still be observed under highly accelerated envi- 
ronmental conditions. For example, if a bimetallic (gold wire 
and aluminum metallization) system is used in plastic pack- 
ages and they are placed on a high temperature operating 
life test (125°C) then failures in the form of opens will be 
observed after 10,000 hours of continuous operating life at 
the gold to aluminum interface. Packages, whether plastic or 
hermetic, with a monometallic system (aluminum wire to alu- 
minum metallization) will have no opens because of the 
absence of the gold to aluminum interface. As a result, a 
difference in failure rates will be observable. 

Differences in failure rates between plastics and hermetics 
could be observed if devices from both packaging systems 
are placed in an environment of 85°C; 85% RH with bias 
applied. At some point in time plastic encapsulated ICs should 
fail since they are considered pervious by moisture, (the fail- 
ure mechanism being corrosion of the aluminum metalliza- 
tion) while hermetic packages should not fail since they are 
considered impervious by moisture. The reason the word 
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“should” was used is because advances in plastic com- 
pounds, package piece parts, encapsulation processes and 
final chip passivation have made plastic integrated circuits 
capable of operating more than 5000 hours without failures 
in an 85°C; 85% RH environment. Differences in failure rates 
due to internal corrosion between piastic and hermetic pack- 
ages may not be observable until well after 5000 operating 
hours. 

The aforementioned two examples had environments sub- 
stantially more accelerated than normal life so these two 
issues discussed are not even a factor under normal use 
conditions. In addition, mechanisms inherent in hermetic 
packages but absent in plastics were not even considered 
here. Improved reliability of plastic encapsulated ICs has 
decreased demand of hermetic packages to the point where 
many devices are offered only in plastic packages. The user 
then should feel comfortable in using the present plastic pack- 
aging systems. 

A final question that is asked by the IC users is: how can 
one be assured that the reliability of standard product does 
not degrade over time? This is accomplished by our emphasis 
on statistical process control, in-line reliability assessment 
and reliability auditing by periodic and strategic sampling and 
accelerated testing of the various integrated circuit device 
packaging systems. A description of these audit programs 
follows below. 


Linear Reliability Audit 
Program 


The reliability of a product is a function of design and man- 
ufacturing. Inherent reliability is the reliability which a product 
would have if there were no imperfections in the materials, 
piece parts and manufacturing processes of the product. The 
presence of imperfections gives risk to the actual reliability 
of the product. 

Motorola uses on-line and off-line reliability monitoring in 
an attempt to prevent situations which could degrade relia- 
bility. On-line reliability monitoring is at the wafer and assem- 
bly levels while off-line reliability monitoring involves reliability 
assessment of the finished product through the use of accel- 
erated environmental tests. 

Continuous monitoring of the reliability of Linear integrated 
circuits is accompished by the Linear Reliability Audit Pro- 
gram, which is designed to compare the actual reliability to 
that specified. This objective is accomplished by periodic and 
strategic sampling of the various integrated circuit device 
packaging systems. The samples are tested by subjecting 
them to accelerated environmental conditions and the results 
are reviewed for unfavorable trends that would indicate a 
degradation of the reliability or quality of a particular pack- 
aging system. This provides the trigger mechanism for initi- 
ating an investigation for cause and corrective action. Con- 
currently, in order to provide a minimum of interruption of 
product flow and assure that the product is fit for use, a lot 
by lot sampling or a nondestructive type 100% screen is used 
to assure that a particular packaging system released for 
shipment does have the expected reliability. This rigorous 
surveillance is continued until there is sufficient proof (many 
consecutive lots) that the problem has been corrected. 

The Standard Logic and Analog Integrated Circuits Group 
has used reliability audits since the late sixties. Such pro- 
grams have been identified by acronyms such as CRP (Con- 
sumer Reliability Program), EPIIC (Environmental Package 
Indicators for Integrated Circuits), LAPP (Linear Accelerated 


Punishment Program), and RAP (Reliability Audit Program). 
Currently, the Bipolar Analog Reliability Audit Program con- 
sists of a Weekly Reliability Audit and a Quarterly Reliability 
Audit. The Weekly Reliability Audit consists of rapid (short 
time) types of tests used to monitor the production lines on 
a real time basis. This type of testing is performed at the 
assembly/test sites worldwide. It provides data for use as an 
early warning system for identifying negative trends and trig- 
gering investigations for causes and corrective actions. 

The Quarterly Reliability Audit consists of long term types 
of tests and is performed at the U.S. Bipolar Analog Division 
Center. The data obtained from the Quarterly Reliability Audit 
is used to assure that the correlation between the short term 
weekly tests and long term quarterly tests has not changed, 
and a new failure mechanism has not appeared. 

A large data base is established by combining the results 
from the Weekly Reliability Audit with the results from the 
Quarterly Reliability Audit. Such a data base is necessary for 
estimating long term failure rates and evaluating potential 
process improvement changes. Also, after a process 
improvement change has been implemented, the Linear Reli- 
ability Audit Program provides a system for monitoring the 
change and the past history data base for evaluating the 
affect of the change. 


Weekly Reliability Audit 


The Weekly Reliability Audit is performed by each assem- 
bly/test site worldwide. The site must have capability for final 
electrical and quality assurance testing; reliability testing and 
first level of failure analysis. The results are reviewed on a 
continuous basis and corrective action is taken when appro- 
priate. The results are accumulated on a monthly basis and 
published. 

The Reliability Audit test plan is as follows: 


Electrical Measurements: Performed initially and after each 
reliability test, consists of critical parameters and functional 
testing at 25°C on a go-no-go basis. 


High Temperature Operating Life: Performed to detect fail- 
ure mechanisms that are accelerated by a combination of 
temperature and electric fields. Procedure and conditions are 
per the MIL-STD-883, Method 1015 with an ambient tem- 
perature of 145°C for 40 hours or equivalent based on a 1.0eV 
activation energy and the Arrhenious equation. 


Approximate Accelerated Factors 


125°C 50°C 
145°C 4 4000 
125°C 1 1000 


Temperature Cycling/Thermal Shock: Performed to detect 
mechanisms related to thermal expansion and contraction of 
dissimilar materials, etc. Procedures and conditions are per 
MIL-STD-883, Methods 1010 or 1011, with ambient temper- 
atures of — 65°C to + 150°C or — 40°C to + 125°C (JEDEC- 
STD-22-A104), minimum of 100 cycles. 


Pressure Temperature Humidity (Autoclave): Performed 
to measure the moisture resistance of plastic encapsulated 
packages. It detects corrosion type failure mechanisms due 
to free ionic contaminants that may have entered the package 
during the manufacturing processes. Conditions are per 
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JEDEC-STD-22, Method 102, a temperature of 121°C, steam 
environment and 15psig. The duration of the test is 48 hours. 


Analysis Procedure: Devices failing to meet the electrical 
criteria after being subjected to an accelerated environment 
type test are verified and characterized electrically, then sub- 
mitted for failure analysis. 


Quarterly Reliability Audit 


The Quarterly Bipolar Analog Reliability Audit Program is 
performed at the U.S. Bipolar Analog Division Center. This 
testing is designed to assure that the correlation between the 
short term weekly tests and the longer quarterly tests has 
not changed and that no new failure mechanisms have 
appeared. It also provides additional long term information 
for a data base for estimating failure rates and evaluation of 
potential process improvement changes. 


Electrical Measurements: Performed initially and at interim 
readouts, consist of all standard dc and functional parameters 
at 25°C, measured on a go-no-go basis. 


High Temperature Operating Life Test: Performed to detect 
failure mechanisms that are accelerated by a combination of 
temperature and electric fields. Procedure and conditions are 
per MIL-STD-883, Method 1015, with an ambient tempera- 
ture of 145°C for 40 and 250 hours or equivalent, based on 
1.0eV activation energy and the Arrhenious equation. 


Approximate Acceleration Factors 


125°C 50°C 
145°C 4 4000 
125°C 1 1000 


Temperature Cycling/Thermal Shock: Performed to detect 
mechanisms related to thermal expansion and contraction, 
mismatch effects, etc. Procedure and conditions are per MIL- 
STD-883, Methods 1010 or 1011, with ambient temperatures 
of —65°C to +150°C or —40°C to + 125°C (JEDEC-STD- 
22-A104) for 100 and 1000 cycles. Temperature Cycling and 
Thermal Shock are used interchangeably. 


Pressure Temperature Humidity (Autoclave): Performed 
to measure the moisture resistance of plastic encapsulated 
packages. It detects corrosion type failure mechanism due 
to free ionic contaminants that may have entered the package 
during the manufacturing processes. Conditions are per 
JEDEC-STD-22, Method 102, a temperature of 121°C, steam 
environment and 15psig. The duration of the test is for 96 
hours, with a 48 hour interim readout. 


Pressure Temperature Humidity Bias (Biased Auto- 
clave): This test measures the moisture resistance of plastic 
encapsulated packages. It detects corrosion type failure 
mechanism due to free and bounded ionic contaminants that 
may have entered the package during the manufacturing pro- 
cesses, or they may be bound in the materials of the inte- 
grated circuit packaging system and activated by the moisture 
and the applied electric fields. Conditions are per JEDEC- 
STD-22, Method 102, with bias applied. Temperature is 
121°C, steam environment and 15psig. Duration is for 32 
hours, with a 16 hour interim readout. This test detects the 
same type of failures as the Temperature Humidity Bias 
(85°C, 85% RH, with bias) test, only faster. The acceleration 
factor between PTHB and THB is between 20 and 40 times, 
depending on the type of corrosion mechanism, electric field 
and packaging system. 


Temperature, Humidity and Bias (THB): This test meas- 
ures the moisture resistance of plastic encapsulated pack- 
ages. It detects corrosion type failure mechanisms due to 
free and bounded ionic contaminants that may have entered 
the package during the manufacturing processes, or they may 
be bound in the materials of the integrated circuit packaging 
system and activated by moisture and the applied electric 
fields. Conditions are per JEDEC-STD-22, Method 102 (85°C, 
85% RH), with bias applied. The duration is for 1008 hours, 
with a 504 hour interim readout. The acceleration factor 
between THB (85°C, 85% RH and bias) and the 30°C, 90% 
RH is typically 40-50 times, depending on the type of cor- 
rosion mechanism, electric field and packaging system. 


Analysis Procedure: Devices failing to meet the electrical 
criteria after being subjected to an accelerated environment 
type test are verified and characterized electrically, then sub- 
mitted for failure analysis. 
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Applications Literature 


The application literature listed in this section has been 
prepared to acquaint the circuits and systems engineer with 
Motorola Linear integrated circuits and their applications. To 
obtain copies of the notes, simply list the publication number 
or numbers and send your request on your company letter- 
head to: Literature Distribution Center, Motorofa Semicon- 
ductor Products Inc., P.O. Box 20912, Phoenix, Arizona 
85036. 


Application Note Abstracts 


AN273A Getting More Value Out of an 
Integrated Operational Amplifier — 
Data Sheet 


The operational amplifier has become a basic building 
block in present day solid state electronic systems. The pur- 
pose of this application note is to provide a better under- 
standing of the open loop characteristics of the amplifier and 
their significance to overall circuit operation. Also each 
parameter is defined and reviewed with respect to closed 
loop considerations. The importance of loop gain stability and 
bandwidth is discussed at length. Input offset voltage and 
current and resultant drift effects in the circuit are also 
reviewed with respect to closed loop operation. 


AN489 Analysis and Basic Operation of the 
MC1595 


The MC1595 monolithic linear four-quadrant multiplier is 
discussed. The equations for the analysis are given along 
with performance that is characteristic of the device. A few 
basic applications are given to assist the designer in system 
design. 


AN531 MC1596 Balanced Modulator 


The MC1596 monolithic circuit is a highly versatile com- 
munications building block. In this note, both theoretical and 
practical information are given to aid the designer in the use 
of this part. Applications include modulators/demodulators for 
AM, SSB, and suppressed carrier AM; frequency doublers 
and HF/VHF double balanced mixers. 


AN545A_ Television Video IF Amplifier Using 
Integrated Circuits 


This applications note considers the requirements of the 
video IF amplifier section of a television receiver, and gives 
working circuit schematics using integrated circuits which 
have been specifically designed for consumer oriented prod- 
ucts. The integrated circuits used are the MC1350, MC 1352, 
and the MC1330. 


AN587 Analysis and Design of the Op Amp 
Current Source 


A voltage controlled current source utilizing an operational 
amplifier is discussed. Expressions for the transfer function 
and output impedances are developed using both the ideal 
and non-ideal op amp models. A section on analysis of the 
effects of op amp parameters and temperature variations on 
circuit performance is presented. 


AN702_ High Speed Digital-To-Analog And 
Analog-To-Digital Techniques 


A brief overview of some of the more popular techniques 
for accomplishing D/A and A/D techniques. In particular those 
techniques which lead themselves to high speed conversion. 


AN703_ Designing Digitally-Controlled Power 
Supplies 

This application note shows two design approaches; a 
basic low voltage supply using an inexpensive MC1723 volt- 
age regulator and a high current, high voltage, supply using 
the MC1466 floating regulator with optoelectronic isolation. 
Various circuit options are shown to allow the designer max- 
imum flexibility in an application. 


AN708A Line Driver and Receiver Considerations 


This report discusses many line driver and receiver design 
considerations such as system description, definition of 
terms, important parameter measurements, design proce- 
dures and application examples. An extensive line of devices 
is available from Motorola to provide the designer with the 
tools to implement the data transmission requirements nec- 
essary for almost every type of transmission system. 


AN719 A New Approach To Switching 
Regulators 


This article describes a 24 Volt, 3.0 Ampere switching 
mode supply. It operates at 20 kHz from a 120 Vac line with 
an overall efficiency of 70%. New techniques are used to 
shape the load line. The control circuit uses a quad com- 
parator and an opto coupler and features short circuit 
protection. 


AN781A_ Revised Data Interface Standards 


This application note provides a brief overview and 
comparison of communication interface standards 
EIA-232-C, ElA-422A, ElA-423, EIA-449 and EIA-485 for 
the hardware designer. A listing of the standard’s specifi- 
cations and appropriate Motorola devices are included. 


AN829 Application of the MC1374 TV Modulator 


The MC1374 was designed for use in applications where 
separate audio and composite video signals are available, 
which need converting to a high quality VHF television signal. 
{t's idealy suited as an output device for subscription TV 
decoders, video disk and video tape players. 


AN879 Monomax — Application of the MC13001 
Monochrome Television Integrated 
Circuit 

This application note presents a complete 12” black and 

white line-operated television receiver, including artwork for 

the printed circuit board. It is intended to provide a good 

starting point for the first-time user. Some of the most com- 

mon pitfalls are overcome, and the significance of component 

selections and locations are discussed. 


AN917 Reading and Writing in Floppy Disk 
Systems Using Motorola Integrated 
Circuits 
The floppy disk system has become a widely used means 
for storing and retrieving both programs and data. A floppy 
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disk drive requires precision controls to position and load the 
head as well as defined read/write signals in order to be a 
viable system. This application note describes the use of the 
MC3469 and MC3471 Write Control ICs and the MC3470 
Read Amplifier which provide the necessary head and erase 
control, timing functions, and filtering. 


AN920 Rev 2. Theory and Applications of the 
MC34063 and 4A78S40 Switching 
Regulator Control Circuits 


This paper describes in detail the principle of operation of 
the MC34063 and 1.A78S40 switching regulator subsystems. 
Several converter design examples and numerous applica- 
tions circuits with test data are included. 


AN926_ Techniques for Improving the Settling 
Time of a DAC & Op Amp Combination 


This application note describes some techniques which 
were tested for the purpose of optimizing settling time of a 
DAC/op amp combination. The objective of the experimen- 
tation was to obtain a settling time of under 1.0 us for 12 bit 
(+0.012%) accuracy. Op amps chosen for this exercise are 
high speed, yet inexpensive monolithic devices. 


AN932 Application of the MC1377 
Color Encoder 


The MC1377 is an economical, high quality, RGB encoder 
for NTSC or PAL applications. It accepts red, green, blue, 
and composite sync inputs and delivers IVpp composite 
NTSC or PAL video output into a 75 ohm load. It can provide 
its own color oscillator and burst gating, or it can be easily 
driven from external sources. Performance virtually equal to 
high cost studio equipment is possible with common color 
receiver components. The following note is intended to 
explain the operation of the device and guide the prospective 
user in selecting the optimum circuit for his needs. 


AN933_ A Variety of Uses for the MC34012 and 
MC34017 Tone Ringers 


The MC34012 and MC34017 electronic tone ringers were 
developed to replace the bulky electromechanical bell assem- 
bly of a telephone, while providing the same basic function. 
When used in conjunction with a piezo ceramic transducer, 
these circuits will output a warbling sound in response to the 
applied ringing voltage. With some imagination, however, the 
circuits can be used in a variety of ways, including non-tele- 
phone applications, — wherever an alerting sound or indi- 
cation is required. Applications include appliance buzzers, 
burglar alarms, safety alerting functions, special sound 
effects, visual ringing indicators, and others. The circuits in 
this application note show how a variety of effects can be 
obtained. 


AN937 A Telephone Ringer Which Complies 
with FCC and EIA Impedance Standards 


The MC34012 and MC34017 Tone Ringers are designed 
to replace the bulky bell assembly of a telephone, while pro- 
viding the same function and performance under a variety of 
conditions. The operational requirements spelled out by the 
FCC and the EIA, simply stated, are that a ringer circuit MUST 
function when a ringing signal is provided, and MUST NOT 
ring when other signals (speech, dialing signals, noise) are 


on the line. This application note discusses how the IC's 
operate, the specific operational requirements to be met, and 
how they are met. Only “on-hook” requirements are dis- 
cussed since off-hook operation is not applicable. 

AN957 Interfacing the Speakerphone to the 
MC34010/11/13 Speech Networks 


Interfacing the MC34018 speakerphone circuit to the 
MC34010 series of telephone circuits is described in this 
application note. The series includes the MC34010, 
MC34011, MC34013, and the new “A” version of each of 
those. The interface is applicable to existing designs, as well 
as to new designs. 


AN958_ Transmit Gain Adjustments for the 
MC34014 Speech Network 


The MC34014 telephone speech network provides for 
direct connection to an electret microphone and to Tip and 
Ring. In between, the circuit provides gain, drive capability, 
and determination of the ac impedance for compatability with 
the telephone lines. Since different microphones have dif- 
ferent sensitivity levels, different gain levels are required from 
the microphone to the Tip and Ring lines. This application 
note will discuss how to change the gain level to suit a par- 
ticular microphone while not affecting the other circuit 
parameters. 


AN959_ A Speakerphone with Receive Idle Mode 


The MC34018 speakerphone system operates on the prin- 
ciple of comparing the transmit and receive signals to deter- 
mine which is stronger, and then switching the circuit into 
that mode. Under conditions where noise from the telephone 
line (in the receive path) exceeds the background noise in 
the transmit path, the speakerphone will switch easily, or even 
lock, into the receive mode. Under these conditions the con- 
versation will sound “dead” to the party at the far-end. It will 
also be more difficult for the near-end party to activate the 
transmit channel since the transmit detection is at the output 
of the transmit attenuator, which will be at maximum atten- 
uation during this time. The addition of a receive idle mode 
can alleviate this problem by ensuring that the transmit and 
receive gains will be approximately equal when no voice sig- 
nals are present. This allows the far-end party to hear ambient 
noises, and also increases the sensitivity to transmit signals. 


AN960 Equalization of DTMF Signals Using 
the MC34014 


This application note will describe how to obtain equali- 
zation (line length compensation) of the DTMF dialing tones 
using the MC34014 speech network. While the MC34014 
does not have an internal dialer, it has the interface for a 
dialer so as to provide the means for putting the DTMF tones 
onto the Tip & Ring lines. The Equalization amplifier, whose 
gain varies with loop current, was meant primarily to equalize 
the speech signals. However, by adding one resistor, it can 
be used to equalize the DTMF signals as well. 


AN976_ A New High Performance Current Mode 
Controller Teams Up with Current 
Sensing Power MOSFETs 

A new current mode control IC that interfaces directly with 
current sensing power MOSFETs is described. Its second 
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generation architecture is shown to provide a variety of 
advantages in current mode power supplies. The most not- 
abie of these advantages is a “lossless” current sensing 
capability that is provided when used with current sensing 
MOSFETs. 

Included in the discussion are subtle factors to watch out 
for in practical designs, and an applications example. 


AN980_ Low Power FM Dual Conversion 
Receivers MC3362/3/4 


Motorola has recently developed a series of low power FM 
dual conversion receivers in monolithic silicon integrated cir- 
cuits. The MC3362/3/4 series is ideal for application in cord- 
less phones, narrowband voice and data receivers, CB and 
amateur band radios, RF security devices, and other appli- 
cations through 150 MHz. 


AN983_ A Simplified Power Supply Design Using 
the TL494 Control Circuit 


This describes the operation and characteristics of the 
TL494 Switchmode™ Voltage Regulator and shows its appli- 
cation in a 400-watt off-line power supply. 

The TL494 is a fixed-frequency pulse width modulation 
control circuit, incorporating the primary building blocks 
required for the control of a switching power supply. 


AN1002 A Handsfree Featurephone Design 
Using the MC34114 Speech Network 
and the MC34018 Speakerphone ICs 


This application note describes the procedure for combin- 
ing the MC34114 speech network with the MC34018 speak- 
erphone circuit into a featurephone which includes the fol- 
lowing functions: ten number memory pulse/tone dialer, tone 
ringer, a “Privacy” (Mike Mute) function, and line length com- 
pensation for both handset and speakerphone operation. 

Three circuits are developed in this discussion: a line-pow- 
ered featurephone, a line-powered featurephone with a 
booster (for using the speakerphone on long lines), and one 
powered from a power supply. The circuits are nearly iden- 
tical, except for the Tip/Ring interface. Their performance, 
however, differs noticeably, particularly in the low loop current 
range. Initially, the discussion will focus on the line-powered 
circuit. 


AN1003 A Featurephone Design, with Tone 
Ringer and Dialer, Using the MC34118 
Speakerphone IC 


This application note describes how to add a handset, 
dialer and tone ringer to the MC34118 speakerphone circuit. 
Although any one of several speech networks could be used 
as an interface between the MC34118 and the phone line 
this application note covers: the case where simplicity and 
low cost are paramount. 

Two circuits are developed in this discussion: a line- 
powered featurephone and one powered from a power 
supply. 


AN1004 A Handsfree Featurephone Design 
Using the MC34114 Speech Network 
and the MC34118 Speakerphone ICs 


This application note describes the procedure for com- 
bining the MC34114 speech network with the MC34118 
speakerphone circuit into a featurephone which includes 


the following functions: ten number memory pulse/tone 
dialer, tone ringer, a “Privacy” (Mike Mute) function and 
line length compensation for both handset and speaker- 
phone operation. 


AN1006_ Linearize the Volume Control of the 
MC34118 Speakerphone 


The volume control level of the MC34118 speakerphone 
IC has a nonlinear relationship with respect to the position 
of the volume control potentiometer, evident in Figure 14 of 
the data sheet. 


AN1019 NTSC Decoding Using the TDA3330, 
with Emphasis on Cable In/Cable Out 
Operation 


This application note is intended to supplement the data 
sheet by providing circuits for video cable drive, such as used 
in video processing circuits, frame store, and other special- 
ized applications, and to expand upon the functional details 
of the TDA3330. 


AN1040 Mounting Considerations for Power 
Semiconductors 


In this note, mounting procedures are discussed in general 
terms for several generic classes of packages. As newer 
packages are developed, it is probable that they will fit into 
the generic classes discussed in this note. Unique require- 
ments are given on data sheets pertaining to the particular 
package. 


AN1044 The MC1378 — A Monolithic Composite 
Video Synchronizer 


The MC1378 was designed to enable an interface to be 
made between remote composite color video sources and a 
locally controlled RGB source of video. It contains the nec- 
essary synchronizing circuits, plus a complete color encoder. 


AN1077 Adding Digital Volume Control To 
Speakerphone Circuits 


This application note will describe how to replace the poten- 
tiometer with a digital circuit which allows control of the 
speaker volume from a set of “UP” and “DOWN” pushbutton 
switches. 


AN1078 New Components Simplify Brush DC 
Motor Drives 


A variety of new components are making brush motor drive 
design easier. One of these components is a brushless motor 
control IC that is easily set up to drive brush motors. The 
circuits described here illustrate how these components can 
be combined to make practical drive circuits. 


AN1081 Minimize the “pop” in the MC34119 
Low Power Audio Amplifier 
This application note describes how to minimize the “pop” 
to satisfy the most demanding user. The remedy, fortunately 
is very simple and inexpensive. 


ANE002 130 W Ringing Choke Power Supply 
Using TDA4601 
The architecture is based on the fly-back mode working in 
a free switching mode. Frequency range varies between 20 
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kHz at full load and 70 kHz in the standby condition (also 
called sleep-mode). Input power is from the line (220 Vac) 
and is completely isolated from the output. Control and reg- 
ulation are achieved by the TDA4601. 

The power supply presents a linear foldback characteristic 
and is short circuit proof. An undervoltage inhibit provides a 
protection against low line voltage. 

The complete system is an excellent compromise between 
complexity, cost and performance. 


ANE424 50W Current Mode Controlled Offline 
Switch Mode Power Supply Working 
over 50% duty cycle using the 
UC3842A 


This application note desribes a way to improve the 
dynamic characteristics of this power supply using a tech- 
nique called “Current Controlled PWM.” A dedicated bipolar 
integrated circuit, UC3842A, has been used to achieve the 
current control, regulation and safety features. 


AN-HK-07 A High Performance Manually Tuned 
AM Stereo Receiver for Automotive 
Application Using MOTOROLA ICs 
MC13021, MC13020 and MC13041 


This application note presents a high performance man- 
ually tuned automotive AM stereo receiver design using 
MOTOROLA AM stereo ICs; MC13021, MC13020 and the 
MC13041. It is intended to provide radio design engineers 
with a good start in automotive AM stereo receiver design. 
The note consists of two parts; the first describes ail relative 
important principles of a manually tuned AM stereo receiver, 
and the second part details the AM stereo receiver design 
for automotive application. 


Article Reprints 


AR115 

A bipolar quad op amp having a JFET-like 4.5 MHz 
bandwidth resolves common mode input voltages and sinks 
output current close to the ground rail — even with a single 
+5.0 V supply. 


Engineering Bulletin Abstracts 


EB20 Multiplier/Op Amp Circuit Detects True 
RMS 
Two op amps and two multipliers are used in the circuit 
described in EB20 to obtain the true rms of an input voltage 
ranging from 2.0 to 10 Vpk. 


EB51 Successive Approximation BCD A/D 
Converter 


A successive approximation A/D converter in which a dig- 
ital-to-analog converter in a feedback loop produces a BCD 
digital output from an analog input is described in EB51. 


Product Literature 


HB206 Rev 3 
SG98 Rev 4 


MOTOROLA LINEAR/INTERFACE DEVICES 


15-5 


MOTOROLA LINEAR/INTERFACE DEVICES 


15-6 


S) MOTOROLA 


Literature Distribution Centers: 

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 

EUROPE: Motorola a European Literature Center; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 SBP, England 
JAPAN: Nippon Motorola Ltd; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141 Japan. 

ASIA, PACIFIC Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center. No. 2 Dai King Street, Tar Po Industrial Estate, 


\ Ta: Po, NT. Hong Kong. 
\ ss a t “7 - Die 5 SS YS ao 


